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suited  in  the  need  for  a comprehensive  coverage  of  the  field  of  explosives  and  re- 
lated items.  In  1941-1944,  Dr  B.  T.  Fedoroff  in  collaboration  with  G.  D.  Clift  had 
published  a "Laboratory  Manual  of  Explosives"  in  four  small  volumes  (Lefax  Co), 
for  which  there  were  numerous  requests.  Since  the  printed  editions  had  been  ex- 
hausted and  the  plates  were  no  longer  available,  Dr  Fedoroff  decided  to  write  a 
revised  edition.  As  the  work  progressed,  it  became  evident  that  additional  help 
would  be  needed,  not  only  because  of  the  tremendous  expansion  of  the  literature, 
but  also  because  it  was  decided  to  broaden  the  scope  of  the  work 

This  Encyclopedia  is  intended  to  cover  the  following  items:  a)Military  and 

industrial  explosives,  explosive  compositions,  propellants  and  pyrotechnic  compo- 
sitions b)Explosives  and  explosive  compositions  which  have  not  been  used  for 
military  or  industrial  purposes  c)Analytical  procedures  for  the  more  common 
explosives,  propellants  and  pyrotechnic  compositions  d)Compounds  which  def- 
lagrate or  may  possibly  explode  because  of  the  presence  of  plosophoric  groups 

e) Ammuni.tion  items,  such  as  projectiles,  bombs,  grenades,  detonators,  fuzes,  etc 

f) Calibers  of  weapons  and  projectiles  used  in  the  US  and  foreign  countries  g) 
Brief  definitions  of  ordnance  terms  h)Names  of  scientists  who  made  important 
contributions  in  the  fields  of  explosives,  ammunition  and  weapons 

Over  the  years  a number  of  works,  including  dictionaries,  have  been  published 
in  the  field  of  explosives,  propellants,  etc,  which  are  of  general  or  limited  scope. 
None  of  these  has  attempted  to  include  in  one  work  a comprehensive  coverage  of 
the  broad  field  of  items  listed  above 

The  authors  hope  that  this  Encyclopedia  will  be  of  value  not  only  in  saving 
many  hours  of  library  work  but  also  in  reducing  the  need  for  much  laboratory  work 
in  order  to  obtain  information  already  available.  It  is  hoped  that  some  of  the  data 
and  even  lack  of  data  may  stimulate  additional  work  in  the  fields  covered 
In  comDilinp  this  work,  the  authors  have  freelv  consulted  with,  and  had  the 
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cooperation  of  so  many  individuals  that  a listing  would  be  impractical.  Any  at- 
tempt to  do  so  would  surely  result  in  some  embarrassing  omissions.  We  therefore 
take  this  opportunity  to  thank  all  those  who  have  been  consulted  or  who  have  help- 
ed in  other  ways  in  the  preparation  of  this  work.  Throughout  the  Encyclopedia 
information  received  from  individuals  is  acknowledged  in  the  text.  Picatinny 
Arsenal  Technical  Information  (Library)  reference  works,  such  as  journals, 
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operation  of  all  Library  personnel.  The  complete  copy  of  this  manuscript  was 
Vari-typed  by  Miss  Margaret  Dee,  Mrs  Sylvia  Griffin  and  Mrs  Bertha  Kelly  with 
the  cooperation  of  Mr  Joseph  Farkas  & Mr  John  Noonan,  whom  we  consulted 
freely  (all  of  the  Technical  Publications  Unit,  Feltman  Research  and  Engineering 
Laboratories).  Special  acknowledgement  is  due  to  the  officials  (both  military  and 
civilian)  of  Picatinny  Arsenal  for  encouraging  this  work  and  for  obtaining  its 
financial  support 


Although  considerable  effort  has  been  made  to  present  this  information  as  ac- 
curately as  possible,  mistakes  and  errors  in  transcription  do  occur.  The  inter- 
pretations of  data  and  opinions  expressed  are  the  responsibility  of  the  authors  and 
are  not  necessarily  those  of  the  Department  of  the  Army  or  of  Picatinny  Arsenal. 
This  report  has  been  prepared  for  information  purposes  only  and  the  Department 
of  the  Army  or  Picatinny  Arsenal  shall  not  be  responsible  for  any  events  or 
decisions  arising  from  the  use  of  this  information 


I 


INTRODUCTION 


The  user  of  this  Encyclopedia  is  urged  to  read  this  Introduction  to  obtain  an 
understanding  of  the  authors’  way  of  treating  and  covering  the  subject  matter.  Be- 
cause of  the  broad  scope  of  the  work  and  the  vast  amount  of  material  available, 
discussions  of  most  items  are  brief.  Theoretical  and  physico-chemical  aspects, 
except  for  a few  constants,  are  usually  covered  by  the  references.  Items  of  dis- 
tinct military  or  commercial  importance  are  discussed  in  more  detail.  References 
to  all  sources  of  data,  as  well  as  references  for  broader  coverage,  are  given  fol- 
lowing each  item.  No  claim  is  made  to  complete  coverage,  but  the  authors  believe 
that,  in  general,  few  pertinent  references  have  been  omitted 

No  attempt  has  been  made  to  cover  the  large  volume  of  material  included  in 
classified  reports  and  no  information  from  such  reports  has  been  used.  However, 
for  the  benefit  of  those  who  have  the  right  of  access  to  classified  information, 
some  references  to  these  sources  may  be  given.  Army  regulations  declassifying 
most  of  the  classified  reports  originating  before  January  1,  1946,  were  not  issued 
in  time  to  permit  review  of  the  large  number  of  these  reports. for  information  which 
would  have  been  included  under  the  letter  A and  covered  in  this  first  volume.  Sub- 
sequent volumes  may  include  subject  matter  from  these  declassified  reports.  In 
some  cases,  reports  listed  here  as  classified,  may  subsequently  have  been  de- 
classified 

As  was  mentioned  in  the  preface  we  have  listed  not  only  compounds  which  have 
been  reported  as  explosive,  but  also  compounds  which  have  been  or  may  be  pre- 
pared and  which,  because  of  the  presence  of  plosophoric  groups,  may  possibly  be 
explosive.  This  has  been  done  because,  unfortunately,  many  workers  who  have 
prepared  compounds  which  may  be  explosive,  have  not  made  tests  for  explosibility. 
Many  substances  ordinarily  not  considered  explosive,  have  exploded  accidentally 
or  been  caused  to  explode  experimentally 

Because  of  the  potential  hazard  from  compounds  containing  plosophoric  groups 
we  have  included  compounds  which,  in  our  opinion,  contain  a sufficient  percent- 
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pounds  may  possibly  find  use  as  components  of  explosive  mixtures,  fuse  compo- 
sitions, etc.  In  the  case  of  nitro  compounds,  this  percentage  was  arbitrarily  set 
at  about  14%  NOj  and/or  NO  nitrogen,  although  some  compounds  with  lower 
nitrogen  content  have  been  exploded.  High  nitrogen  compounds  on  combustion 
yield  large  volumes  of  gas  which  may  contribute  to  the  ballistic  potential  of  a 
propellant  composition  containing  such  compounds.  If  these  compounds  are  not  in 
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of  propellent  compositions.  We  have,  therefore,  decided  to  include  compounds 
which  contain  about  40%  or  more  nitrogen 

In  addition  to  a given  explosive  compound,  we  have  included  references  to  what 
may  be  considered  as  the  parent  compound  of  azido,  nitro  or  nitroso  derivatives. 
This  is  done  because  some  information  concerning  the  parent  is  usually  needed 
for  the  preparation  of  explosive  derivatives.  References  (mostly  Beilstein)  to 
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example,  naphthalene  and  its  various  mononitro  and  dinitroderivatives,  which  are 
not  explosive  are  listed  and  references  given 
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In  order  to  make  the  Encyclopedia  ascompactas  possible  we  used  abbreviations, 
many  of  which  are  the  same  as  used  in  Chemical  Abstracts  except  that  periods 
after  abbreviations  are  omitted.  A list  of  abbreviations  symbols,  code  letters  and 
special  designations  of  items  connected  with  explosives,  propellants,  pyrotechnics, 
ammunition  and  weapons  is  included  in  this  work.  This  list  is  placed  immediately 
before  the  Encyclopedia  proper  (see  Abbreviations,  pp  Abbr  1-59)  and  also  in- 
cludes abbreviations  and  code  letters  for  various  Ordnance  establishments,  in- 
dustrial installations  and  scientific  institutions,  both  US  and  foreign.  Some  addi- 
tional abbreviations  are  given  in  a supplementary  list  (see  Abbreviations,  pp 
Abbr  59-65).  Wherever  we  have  been  able  to  do  so  and  are  permitted  by  security 
regulations,  the  meaning  of  code  letters  on  ammunition,  weapons  and  other  military 
items  is  briefly  explained 

Following  the  above  lists,  the  journals,  books,  and  other  reference  sources 
most  frequently  used  are  given,  together  with  our  abbreviations  for  them  (See  pp 
Abbr  66-76).  Journal  abbreviations,  not  included  in  our  list,  are  the  same  as  given 
in  the  "List  of  Periodicals  Abstracted  by  Chemical  Abstracts,”  Ohio  University, 
Columbus  10,  Ohio  (1956),  except  that  we  do  not  use  periods  and  leave  no  space 
between  abbreviated  words.  Although  the  French,  Italian,  Spanish  and  Portuguese 
books  and  journals  do  not  capitalize  the  words  in  titles  (except  the  first  word) 
we  use  captials,  as  is  the  practice  in  abbreviating  US  and  British  journals 

Nomenclature 

Since  most  organic  compounds  can  be  designated  by  several  names,  it  was 
necessary  in  each  case  to  decide  under  which  name  to  list  a particular  compound. 
Not  only  are  different  names  used  by  different  writers,  but  frequently  the  Ab- 
stractor for  Chemical  Abstracts  used  another  name  and  in  the  Chemical  Abstracts 
Indexes  the  compound  is  often  indexed  under  a still  different  name.  In  general, 
the  Chemical  Abstracts  Index  name  is  here  given  preference.  However,  when  a 
trivial  name  or  an  older  name  is  used,  the  compound  may  be  listed  under  one  of 
these  names.  In  every  case  where  more  than  one  name  has  been  used  to  designate 
a compound,  the  others  are  also  listed.  In  addition,  alternative  names  are  or  will 
be  listed  and  the  various  names  cross-indexed.  The  reader  will  thus  usually  have 
little  difficulty  in  locating  the  desired  item  under  which  the  compound  is  dis- 
cussed in  this  book.  In  most  cases,  when  a compound  is  described  in  the  German 
literature,  the  German  name  is  also  given.  This  should  be  of  help  to  those  who 
seek  information  on  the  compound  in  the  German  literature,  particularily  Beilstein 
and  Gmelin 

Azido,  nitramino,  nitro  and  nitroso  derivatives  are  listed  under  what  may  be  con- 
sidered as  the  parent  compound.  Thus  all  the  mono-,  di-,  and  trinitrotoluenes  will 
be  discussed  under  toluene.  For  example,  nitraminotetrazoles  are  discussed  under 
aminotetrazole.  With  this  system  the  various  azido,  nitro,  etc  derivatives  in- 
cluded above  are  kept  together  and  are  not  scattered  throughout  the  Encyclopedia. 
Since  these  derivatives  of  a given  parent  compound  are  usually  of  some  related 
interest  from  the  point  of  view  of  properties,  preparation  and  references,  we  be- 
lieve that  this  arrangement  is  the  most  convenient 

While  most  azido,  nitroso,  and  nitro  derivatives  are  listed  under  their  parent 
compounds,  the  amino,  azo,  azoxy,  etc  derivatives  are  listed  as  parent  compounds, 
themselves,  either  individually  or  as  a group.  Similarly,  alkyl,  phenyl  and  other 
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derivatives  are  listed  under  their  corresponding  alkyl,  aryl,  etc  names,  eg  amyl 
derivatives  under  amyl,  etc.  Bis-  compounds  in  general  will  be  listed  under  B, 
and  tris-  compounds  under  T.  Halogen  containing  compounds  will  be  found  under 
the  appropriate  halogen;  eg  chlorobenzene  under  C etc.  Salts,  peroxides,  hydro- 
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parent  compound,  while  metallic  salts  are  discussed  under  the  appropriate  acids, 
such  as  chloric,  nitric,  perchloric,  etc.  An  exception  is  Ammonium  Nitrate  which 
is  discussed  separately  in  this  volume  and  not  under  Nitric  Acid.  Normal,  iso-, 
tertiary-,  etc,  isomers  of  alkyl  compounds  are  listed  under  the  corresponding 
alkyl  group.  Thus  isobutylperoxide  will  be  found  under  butylperoxides 

When  the  position  of  a substituent  group  has  not  been  established  or  is  in  doubt, 
the  doubtful  position  may  be  indicated  by  x or  followed  by  (?).  In  some  cases  the 
probable  positions  are  given  in  parentheses,  eg  4 (or  7)-aminobenzotriazole.  Where 
two  ways  are  commonly  used  to  indicate  the  position  of  groups  or  elements  in  a 
molecule,  one  of  the  alternative  ways  is  usually  placed  in  parentheses  directly 
after  the  letter  or  symbol  designating  the  position,  eg  2 (or  o),  and  a (or  1H).  This 
is  done  to  avoid  repeating  the  whole  name 

The  nomenclature, particularly  of  complex  compounds,  is  not  always  satisfactory 
in  spite  of  the  good  work  of  the  nomenclature  commissions  of  the  International 
Union  of  Pure  and  Applied  Chemistry.  Occasionally,  a competent  chemist  would 
not  be  able  to  write  the  correct  structure  based  on  a given  name.  This  is  partic- 
ularly noticeable  in  the  naming  of  open  chain  and  cyclic  polynitrogen  compounds 
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of  our  work  in  this  field  we  have  evolved  a system  which  we  have  been  using  and 
which  has  some  advantage  in  reducing  ambiguity.  Where  it  has  seemed  advisable, 
an  additional  name  has  been  added,  based  on  the  system  described  below.  This 
system  was  worked  out  in  collaboration  with  Drs  H.  Matsuguma  and  H.  Walter  of 
Picatinny  Arsenal  and  is  essentially  a combination  of  those  systems  used  in 
Beilsteins  Handbuch  der  Organischen  Chemie  and  Chemical  Abstracts 
The  open  chain  poly  nitrogen  groups  include  i 
Diazene  — HN'N< 

Triazene  — N:N-N< 

Tetrazene(l)  >N-NH'N:N—  [called  herein  isotetrazene  as  has 

been  done  by  F.L. Scott  et  al,  JACS  75,  5310(1953)1 

Tetrazene(2)  >N*N:N-N<  (which  herein  will  be  called  simply 

tetrazene) 

Pentazadiene  — N:N*NH*N:N- 

Hexazadiene  -N:N-NH-NH-N:N-,  etc 
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and  the  one  at  the  other  end  as  N but  there  is  no  provision  for  naming  the  com- 
pound if  some  organic  radical  is  attached  to  one  of  the  nitrogens  not  at  an  end  of 
the  chain.  The  system  used  in  US  Chemical  Abstracts  consists  of  designating  the 
nitrogens  by  the  numerals  1,2, 3, 4 etc  but  there  is  no  provision  for  differentiating 
these  numerals  from  those  used  in  the  ring  structures  (such  as  benzene,  pyridine, 
triazole,  tetrazole  etc)  which  may  be  attached  to  one  of  the  nitrogens  of  the  open 
chain  compounds.  None  on  the  above  systems  provides  a ready,  unequivocal  in- 
dication of  the  position  (in  the  ring)  to  which  the  nitrogen  of  the  open  chain  com- 
pound is  attached 


IV 


In  the  system  we  have  adopted  the  nitrogens  of  open  chain  compounds  are 
designated  as  N1,NJ,N*,N4,NS,N*,  etc.  For  instance,  the  compound  CjHj  ,*N:N*NH- 
NH'C6Hs  would  be  called  (N^ethyl,  N4-phenyl)-isotetrazene  and  the  compound 
XH3 


CjH*  -N:N*N(NH2>N: 


would  be  called  (Nl-ethyl,  NJ- amino,  N4-methyl,  N4- 


phenyl)-isotetrazene.  Slightly  more  difficult  would  be  the  naming  of  a compound 
in  which  one  (or  several)  hydrogens  in  an  attached  ring  or  in  the  straight  nitrogen 
chain  is  substituted  by  one  (or  several)  radicals,  such  as  NHa,  N02,  C6H*  , etc 
Let  us  name,  according  to  our  system,  the  compound: 

no2  , 

..  iC-CH^  

HjC-C^  ^C-N:N-NH-NH-C-N(NH,)— N . We  have  adopted  the  rule  that 
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atoms  designated  1 ',2  ',3  ',4 ',  etc  arranged  counterclockwise  and  the  atoms  of  the 
ring  attached  to  the  right  N of  the  open  chain  nitrogen  compound  numbered  1,2, 3, 4, 
etc  arranged  clockwise,  then  the  name  of  the  compound  would  be  l 
dinitrotoluene-4'),  NA-  amino-  a-tetrazole-5)]-isotetrazene.  Here,  —4  ')  indicates  that 
Nl  is  attached  to  position  4 'in  the  2 ',6 -dinitrotoluene  ring.  The  -5)  indicates 
that  N4  is  attached  to  position  5 in  the  tetrazole  ring.  The  a-indicates  the  type  of 

ferraZ_nle*  fn  distinguish  if  frnm  rhe  fl-rprra7nlp.  In  rh*»  n-rnmrwmnd  fhe  hvdroven 


atoms  are  in  positions  I and  5,  whereas  in  the  j3-compound  they  are  in  the  2 and 
5 positions.  Currently  Chemical  Abstracts  uses  the  designations  1H  and  2H  to  in- 
dicate the  ring  atom  to  which  a hydrogen  is  attached  in  the  parent  tetrazole  ring. 
Since  the  NH2  group  is  in  an  o-tetrazole  it  can  only  be  attached  to  the  N in  the 
I-position  and  it  is  therefore  unnecessary  to  indicate  the  position 

In  rare  cases  in  which  a third  ring  compound  is  attached  to  one  of  the  inter- 
mediate N atoms  of  an  open  chain  nitrogen  compound,  its  substituents  would  he 
numbered  clockwise  using  double  primes,  as  1",2",3~,  etc.  In  some  cases  the 
groups  NH2,  NOj,  etc  may  be  attached  to  intermediate  N atoms  of  the  open  N chain. 
Following  is  the  formula  of  a complicated  hypothetical  compound: 


t'  s? 

HjC-C^ 


C — CH 


nh2  nh2 


.C— N :N  • N -N — C— N — N 

4 1 1 31  4 [I  1 211 


According  to  our  system  its  name  would 


NOj  i"  a" 

C-N — N(NOj) 

N=N 

4"  1*' 

be:  Iflif,  foi  Tig- ^ ')t 

*f)t  W4-/  / _ C1771  l?2Q~ 

a-tetrazole-5  )]-isotetrazene 

By  adopting  the  proposed  system  it  would  be  easier  to  arrive  at  a name  corre- 
sponding to  a given  formula  or  to  write  a formula  corresponding  to  a given  name 


V 


than  by  using  the  systems  described  in  Beiistein,  Chemical  Abstracts  or  British 
literature 

As  another  example  may  be  cited  the  compound 
N-NH-C-N:N*NH*NH‘N:N-C*NH*N 

II  li  I!  It 

N N N N 

3 4‘  4 3 


which  we  would  name  [Nl,N6-bis(a-tetrazolyl'5)\-hexazadiene,  Let  us  now  find  a 
simple  unequivocal  name  for  the  compound: 


which  has  been  variously  named: 


a)pyrido-[  2 , 1-  cl-  s-  tri  azole 


b)triazolo-pyridine  c)2,3-di azopyrrocoline  d)benztri azole  and  e)l,2,3-benziso- 
triazole.  Of  these,  only  the  1st  name  would  allow  writing  the  correct  structural 
formula  once  one  learns  the  significance  of  the  letter  c.  This  system,,  however, 
not  only  uses  numerals  for  indicating  the  position  of  atoms  but  also  uses  letters, 
a,b,c3d,e,etc  for  each  side  of  a ring  compound.  On  examining  the  above  formula 
it  is  evident  that  the  compound  is  a pyrido-s-tri azole,  but  since  there  may  be 
several  such  compounds,  it  is  necessary  to  indicate  the  position  at  which  the 
pyridine  is  connected  to  the  s-triazole.  If  we  adopt  the  system  of  numbering  each 
ring  separately,  and  if  the  group  on  the  right  side  of  the  formula  has  the  numerals 
1,2,3,  etc  starting  from  NH  and  counting  clockwise,  while  the  group  on  the  left 
side  has  the  numerals  l/,2/}3/,  etc  starting  from  N and  counting  counterclockwise, 
then  the  formula  numbering  would  be 


'-ns  j 2 

HCrf^CH— NH-N  . , , 

I ll  and  the  proposed  name  is  (pyrido-1  ,2  s-triazole* 4, 



CH 

If  this  compound  had  an  amino  group  in  position  4 / of  the  pyridine  ring  and  a 

t__.i  ? _ __  i - r ^ i _ _4 1 .j  l_  _ /a  * 

meuiyi  giuup  in  putiiuun  j-  ui  uic  img,  uicu  liic  u<iiiic  wuuiu  uc  - 

aminopyridine- 1 ',2  0-(l-methyl-s-triazoIe-4,5) 

In  the  case  of  tetraxoles  we  use  the  Chemical  Abstract  system  of  numeration, 
but  the  compd 

Si  2 

HC-NH-N 

J'  ll  , known  as  lH-tetrazole  we  call  a-tetrazole  and  the  compd  HC=N— NH 

V ? i i ’ 

N = N 

known  as  2H"tetrazole  we  call  fi-tetrazole.*. We  retain  the  name  isotetrazole  for 

the  compound  U2C— N-N 
I I 
N=N 

6 1 2 

In  the  case  of  tetrazines,  the  compound  HC=N— N is  called  by  us  s(or  syrrc-) 

I II 


aim  liiu  \-/ 


v\or  vic-j-ieiraztne.  me  as-tetrazine  is  nor 

HC=N-N 

S 4 3 


known 


VI 


6 12 

In  the  case  of  triazines,  the  compound  HC=N— N is  called  by  us  as-triazine , 

i ii 
HC=N-CH 

■ A.  * 

612  " 612 
the  compound  HC=N — N,  v(or  vic-)~triazine  and  the  compound  HC=N— CH  , 


I 11 

HC=CH-N 

5 4 3 


s(or  sym-)'triazine  s t a 

In  the  case  of  triazoles,  the  compound  HC— NH— N is  called  v(or  viC')~triazole 


HC- 


and  the  compound  HC— NH— N , s(or  sym-)‘tri azole.  If  H is  in  position  1,  we  add 

ii  II 

N CH 

4 3 

a- in  front  of  s-  or  of  v-  and  if  H is  in  position  2_  the  letter  is  used  and  in  the 
case  of  the  compound 

5 1 2 

HC=N— N , our  name  is  y~S‘triazole 

I 

5 1 2 

In  the  case  of  isotriazoles,  the  compound  HC=N— N is  called  by  us  v(or  vic-)- 

i I! 

H2C N 

4 3 

5 12 

/a  rt  J »U  a aamaahm/I  U ( " 1 M — M r/  O 4 i+m  i wi  a* 

MJ1U  lilt-  1 i V#  — ll—ll  J '**  /'  VI-  r Il/4U 


N — CHa 


In  order  to  avoid  the  use  of  rings  (which  have  to  be  drawn  by  hand)  as  much  as 
possible,  we  adopted  a system  similar  to  that  used  in  Beiistein  for  such  compounds 
as  benzene,  pyridine,  cetrazole,  etc.  For  example,  benzene  is  written  as 

6(2  512 

HC-CH=CH  HC-NH-N 

II  I and  o-cetrazole  as  |l  I!  . It  should  be  noted  that  in  these 

HC— CH=CH  N N 

* 4 3 4 3 

formulas,  as  written,  position  1 is  always  in  the  middle  of  the  upper  line 
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PHYSICAL  TESTS  FOR  DETERMINING  EXPLOSIVE  AND  OTHER  PROPERTIES 
OF  ITEMS  DESCRIBED  IN  THIS  WORK* 

Abel’  * Tes»(KI  Heat  Test  or  Kl-Starch  Test)  (Epreuve  d'  Abel,  in  Fr.)  A brief  description  is  given  on  pA2  of 
this  volume.  The  test  is  also  described  in  TM  9— 1910(1955), 57— 60 

Ability  to  Propagate  Detonation;  Transmission  of  Detonation  or  Extent  of  Propagation  of  Explosion.  The  prop- 
erty of  an  expl  to  conduct  detonation,  which  has  been  started  by  an  initiator,  to  neighboring  layers  is  depend- 
ent on  the  props  of  the  expl  mainly  velocity  of  deton  and  on  some  other  factors(such  as  confinement,  thickness 
of  layer,  diam  of  charge,  density  of  packing,  and  temp)  {Ref  1,3.4, 5 & 6).  In  some  substs(such  as  AN),  the 
deton  wave  might  easily  die  out(or  dampen)  if  the  optimum  conditions  for  propagation  are  not  fulfilled 

Munroe(Ref  2)  described  several  tests  for  detn  of  propagation  of  deton  in  AN.  For  these  experiments,  use 
was  made  of  a wooden  trough,  appr  5 V 2"  square  in  cross-section  and  10*  long,  which  rested  on  the  ground. 

Such  a trough  held  ca  125  lbs  of  AN.  Use  was  made  of  both  warm  nitrate(52°)  and  of  cold  nitrate(2  1° ).  The 
warm  nitrate  was  used  to  insure  deton  and  was  placed  at  the  initiating  end  of  the  train.  The  effect  was  derd 
by  the  size  and  extent  of  the  crater  produced  beneath  the  box.  As  the  initiation  of  AN  could  not  be  produced 
by  detonators(such  as  electric  tetryl  detonator),  it  was  necessary  to  use  sticks  of  blasting  gelatin.  With  this 
initiation  complete  detonation  of  AN  could  be  obtained,  except  in  cases  when  AN  was  1"  or  smaller  in  diam- 
eter. Warm  AN  detond  easier  than  cold  AN 

The  propagation  test  may  also  be  conducted  similarly  to  the  pin  method  described  by  Cook(Ref  6) 

Refs : l)Colver(1918),639  2)C.E.Munroe,  ChemMetEngrg  26,  541(1922)  3)j.L.Sherick,  ArOrdn  24,  329  & 

395(1924)  4)G.W. Jones,  ArOrdn  5,  599(1924)  5)D.B.Gawthrop,  ArOrdn  6,  47(  1925)  6)Cook(l958),29-31 

Absorption  of  Moisture  by  Explosives,  Propellants  and  Pyrotechnic  Compositions,  See  Hygroscopicity 
Action  of  Light  on  Explosives,  etc.  See  Light,  Action  on  Explosives,  etc 
Aptitude  a I’ inflammation,  Essoi.  Same  as  Capability  to  Inflame  Test 

Armor  Plate  Impact  Test(Shell  Impact  Test).  This  test  was  developed  during  WW  II  to  provide  an  additional 
sensitivity  test  for  HE’s  commonly  used,  and  to  supplement  data  obtained  by  impact  and  rifle-bullet  tests. 

The  test  is  supposed  to  duplicate  the  conditions  which  take  place  when  a- HE  projectile  hits  a hard  surface 

For  this  test  a modified  60  mm  Mortar  Shell  is  loaded  with  the  test  expl,  drilled  about  ‘/j  inch,  and  closed 
with  a steel  plug  screwed  into  the  shell  to  give  a close  fit  between  the  plug  base  and  the  charge.  The  ig- 
niter and  propelling  charges  are  loaded  into  the  "gun”  through  a simple  breech  plug.  The  loaded  shell  is 
fired  from  a 5 foot  length  of  Shelby  steel  tubing  against  rigidly-mounted  mild  steel  plates.  Velocities  of  the 
shells  are  measured  electronically  and  whether  or  not  flash  occurs  on  impact  is  determined  by  observation. 

The  value  reported  is  the  velocity  in  ft/sec  at  which  the  expl  is  unaffected  in  50%  of  the  trials.  Refs:  1) 

OSRD  5 146(1945), 2-3  & 11  2)PATR  1740,  Rev  1(1958) 

Available  Energy.  Same  as  Maximum  Available  Work  Potential 

Ballistic  Mortar  Test(Ballistische  Morser,  Probe  in  Get)  (Essai  au  mortier  eprouvette,  in  Fr)  is  a measure 
of  power.  It  is  used  in  the  US  in  preference  to  the  Trauzl  Test  which  is  standard  in  some  European  coun- 
tries. The  Ballistic  Mortar  Test  consists  of  firing  various  charges  of  test  explosive  in  a heavy  steel  mor- 
tar, attached  to  a pendulum  bar  and  suspended  on  knife  edges,  and  comparing  the  degrees  of  swings  pro- 
duced with  that  obtained  on  detonation  of  10  g samples  of  TNT.  From  the  values  for  TNT  and  from  the 
weights  of  charges  of  sample  producing  nearly  the  same  deflections  as  10  g 0/  TNT,  the  amt  of  sample  pro- 
ducing exactly  the  same  deflection  as  10  g of  TNT  is  calculated.  Then  the  Ballistic  Mortar  Value  is  derived 
from  the  formula: 

BM  Value  = 10  x 100 % of  TNT 

Sample  Weight 

(See  also  Mortar  Test).  Refs:  1)US  BurMinesBull  346(  1931), 46— 9(Ballistic  Mortar,  DuPont  Type)  2)W, 

Taylor  & K. Morris,  TransFaradSoc  28,  545-58(1932)  2a)Vennin,  Burlot  & Lecorche(1932),l89  3)Stettbacher 
(1933)370  4)OSRD  Rept  803(1942),  19-21  5)Picatinny  Arsenal  Testing  Manual  No  7—2(1950)  6)TM  9-1910 
(1955),69(Described  as  Ballistic  Pendulum)  7)PATR  1740,  Rev  1(1958) 

Ballistic  Pendulum  Test(Essai  au  pendule  balistique,  in  Fr)  (Balliscische  Pcndel  Probe,  in  Get).  This  is  the 
Official  Test  for  the  power  of  coal  mine  explosives,  both  in  the  US  and  GtBtitain.  The  pendulum  used  at  the 
US  BurMines  Testing  Station,  Bruceton,  Pa  consists  of  a moftar(12.2"  diam  and  weighing  31600  lbs),  attached 
to  a pendulum,  as  described  in  Ref  3,  P 43  * The  test  expl  is  loaded  (8  oz)  in  a borehole  (2i4"  ID  & 2Yi'  deep) 
of  a steel  cannon  (24"  OD  x 36"  long)  and  the  charge  is  stemmed(tamped)  with  2 lb  of  clay.  The  cannon  is  then 
moved  on  a crack  to  within  t/K“  of  the  mortar  and  after  adjusting  the  bore  exactly  opposite  the  morta^muzzle 
the  charge  is  fired  by  means  of  an  electric  detonator.  The  impact  of  products  shooting  from  the  cannon  against 
the  mortar  causes  deflection(sw'ing)  of  the  pendulum.  The  swing  is  measured  and  compared  with  that  produced 
by  the  same  amt(8  oz)  of  40  per  cent  straight  Dynamite(NG  40,  NaNOs  44  woodpulp  15  & CaCOj  1%),  which  is 
designated  as  PTSS(Pittsburgh  Testing  Station  Standard)  Dynamite.  Its  swing  is  2.7  to  3-1" 


For  meaning  of  abbreviations,  see  pp  Abbr  1 to  Abbr  76,  which  follow 


vm 


By  means  of  trial  and  failure  the  weight  of  the  sample(W)  that  gives  approximately  the  same  swing  as  8 or 
of  the  standard  ia  then  deed,  and  three  shots  are  fired  with  this  wt.  The  exact  swing  of  the  sampie(Sz)  is 
ealed  from  the  formula: 

W x Sn 

Sz  « — , where  Sp  is  swing  given  by  8 ox  of  the  standard(Refs  1,2,3  & 4) 

8 

The  pendulum  in  use  at  the  British  testing  station  at  Rotherham  weighs  5 tons  and  is  suspended  by  steel 
rods  from  an  overhead  axle  having  roller  bearings.  The  bore-hole  of  the  cannon(gun)  ia  30"  long  and  \\n 
diem.  The  charge  consists  of  4 ox  of  expl  well-rammed  with  2 lbs  dry  clay  as  stemming.  The  cannon  is 
moved  to  within  2"  of  the  monar-muzzle  and  the  charge  ia  fired  by  an  electric  detonator.  The  swing  is  read 
and  compared  with  3.27"  which  is  the  swing  produced  by  4 ox  of  60%  Gelignite(NG  60,  CC  4,  KNO,  28  & 
wood  meal  8%)  (Ref  2,p  183-4) 

The  ballistic  pendulum  test  is  also  used  in  GtBritain  for  determining  performance  of  military  explosives* 
For  this  a 10  g sample  of  expl  is  detonated  in  a loose  condition  under  light  confinement  at  the  center  of  a 
heavy  hollow  cylinder,  closed  at  one  end,  and  suspended  so  as  to  form  a pendulum.  The  swing  is  com- 
pared with  that  produced  by  10  g of  picric  acid.  The  results  are  expressed  as  percentages  of  the  perform- 
ance of  picric  acid(Ref  5)  Refs:  l)Marihall  2(1917),473  2)Bamett(19I9),  182—4  3US  BurMinesBull  346 

(193l),40— 6 3a)V«nnin,  Burlot  & Lecorche(l932),269  4)Stettbacher(1933),368  5)Blatt,OSRD  2014(1944) 
Behavior  Towards  Hoot  Tests.  See  Sensitivity  to  Flame,  Heat,  Sparks,  Electrostatic  Discharges,  etc  Tests, 
as  well  as  Burning  Tests,  Combustion  Tests  and  Idex  of  Inflammability  Tests 

Bergmarm-Junk  Test  has  been  used  widely  in  Europe  and  to  some  extent  In  the  US  for  testing  the  stability 
of  NC.  In  this  method  NC  is  heated  at  132°  for  2 hours  which  action  causes  the  evoln  of  some  nitrogen 
oxide  fumes.  The  fumes  are  absorbed  in  water  giving  a sola  of  nitrous  and  nitric  acid*  The  nitrogen  content 
of  the  aoln  is  detd  by  the  Schuize-Tiemann  method.  More  detailed  description  will  be  given  in  Vol  launder  B 
Re/s:  DE.Bergmano  & A.Junk,  ZAngChem  17,982,1018  & 1074(1904  ) 2)Reilly(  1938)83— 5 3)Ka»t-Metz 

(1944), 218-20  & 312  4)PATR  1401,Rev  1(1950),  19-25 

Blchsl  Bomb  or  Bichal  Pressure  Gage  is  a device  for  measuring  the  press  of  an  expln  and  for  collecting  and 
examining  the  gaseous,  liq,  and  solid  products  formed.  The  apparatus  consists  of  two  stout  cast  steel  hori- 
zontal cylinders,  one  of  13  1 and  the  other  20  1 capacity.  Each  cylinder  can  be  closed  with  heavy  lids  pro- 
vided with  lead  gaskets  and  secured  in  place  by  heavy  stud  bolts  and  an  iron  yoke.  Three(or  more)  small 
diam  holes  are  drilled  through  the  upper  part  of  cylinders:  the  1st  hole  is  connected  to  the  tube  of  s vacuum 
pump,  the  2nd  accommodates  an  insulated  plug  that  provides  a means  for  conducting  the  electric  current  to 
the  electric  detonator  inside  the  bomb  and  the  3rd  is  connected  to  a press  gage  provided  with  a registering 
drum 

For  examination  of  an  expl  a cbarge( usually  30  to  300  g)  is  placed  inside  the  bomb,  and,  after  closing 
the  lid,  the  sir  is  evacuated  by  means  of  a vacuum  pump.  Then  the  chge  is  fired  electrically  and  the  pres- 
sure diagram  is  obtained.  Method  of  computation  of  results  is  given  in  Ref  2.  The  result  thus  obtained  is 
termed  the  " maximum  pressure  of  the  explosive  in  its  own  volume'  * 

This  apparatus  also  affords  a means  for  collecting  and  examining  the  products  formed  on  expln.  The 
method  of  sampling  is  described  in  Ref  2,  pp  92—3 -Refs:  l)C.E.Bichei,  "New  Methods  of  Testing  Explo- 

sives,* ’ Griffin, London(  1905)  2)US  BurMinesBull  346(1931), 84 -9 5 3)Vivas,  Feigenspan  & Ladreda, 
v 4(  l944),98-104(Under  the  name  "Medidor  de  presion  de  la  casa  Carbonit”  ) 

Blast  Effects  In  Air,  Eafh  and  Water  will  be  described  in  Vol  11,  under  B .Refs:  1)TM  9— 19 10(195 5), 72— 6 

2)Cook(1958),322  3)Ordnance  Proof  Manual  OPM  80—12(1959) 

Blasting  Caps  aid  Detonators,  Initiating  Efficiency.  See  under  Initiating  Efficiency  of  Primary  Explosives, 
Blasting  Caps  and  Detonators 

Bomb  Drop  Tests(Bomb  Functioning  Teat)  are  usually  conducted  nsing  bombs  assembled  in  the  conven- 
tional manner,  as  for  service  usage,  but  provided  with  either  inert  or  simulated  fuzes.  The  target  ia  usually 
reinforced  concrete  ‘Refs:  l)Ordnance  proof  Manual,  Aberdeen  Proving  Ground,  Nos  9—11(1949)  it  Nos  10— 

80(1957)  2)PATR  1401, Rev  1(1958) 

Booster  Sensitivity  Test  involves  measuring  the  relative  aenaitivicies  of  varioua  expla  to  an  arbitrary 
graded  series  of  boosters.  This  test  was  designed  to  classify  expls  on  the  basis  of  their  ease  of  deton  by 
boosters*  The  source  of  the  shock  consists  of  tetryl  pellets  of  varying  weights  which  may  be  degraded  by 
wax  spacers  of  Acrawax  B.  The  booster  charge  is  initiated  by  a No  8 detonator.  The  weigh1  of  tetryl  re- 
ported as  a final  value  is  the  min  wt  which  will  produce  5056  detonationa  through  the  thickness  of  wax  in 
inches,  as  indicated 

This  test  is  considered  as  one  . of  the  Detonation  by  Influence( Sympathetic  Detonation)  Tests.  (See  aleo 
Gap  Teat,  Halved  Cartridge  Gap  Test  and  Wax  Gap  Test).  Refs:  l)OSRD  Rept  5746(1945)  2)PATR  1740, 

Rev  1(1958) 

Brisance  nr  Shattering  Effect(Brisance,  in  Fr)  (Brisanz,  in  Get)  (Poder  rompedor  or  Brisancia,  in  Span) 

(Pot ere  dirompente,  in  leal)  can  be  approximate} y measured  by  the  following  methods:  a)Comprassion  Tests 


IX 


[such  as  Lead  Block  Compression  Te*t(Heaa  Teat),  Copper  Cylinder  Compression  Test(Brisance  Meter  of 
Kast  Test)  and  Compression  of  SmaJl  Lead  Blocks]  h)Fragmentation  Test(qv ) c)  Fragment  Density  Test{qv) 
d)Nail  Test(qv)  e)PIate  Tests(qv)  (Cutting  or  Denting  using  various  metals,  such  as  brass,  copper,  iron, 
lead  and  steel)  f )Quinan  T#st(qv)  g)Sand  Test( Sand  Crushing  Test) 

Brisance  can  also  be  calculated  from  the  formula  of  Kast.  This  gives  Brisance  Value I called  in  Ger 
Brisanrwert(Refs  144).  A detailed  discussion  on  brisance  will  be  given  in  Vol  11,  under  B.  (See  also  under 
Compression  Tests ).Refs:  l)H.Kast,  SS  8,  88(1913)  2)Marshall  2 (19l7),495  3)Barnett<  1919),  184  4)H. 
Kast,  SS  15,  181(1920)  5)Stettbacher(  1933). 49-50  6)Reilly(1938),68  7)Davi»(1943),3  8)Vivas,  Feigenspan 
& Ladreda,  4(l944),58-62  4 118  9)Belgrano(1952),39~41  I0)TM  9- 1910(1953), 60-3  ll)Cook(195fl),17  4 34 
Bulk  Compressibility  and  Bulk  Modulus  is  one  of  the  important  constants  of  an  elastic  solid.  Bulk  modulus  is 
defined  as  the  ratio  of  stress  to  strain  when  the  stress  is  a pressure  applied  equally  on  all  surfaces  of  the 
sample  and  the  strain  is  the  resulting  change  in  volume  per  unit  volume.  The  reciprocal  of  bulk  modulus  is 
called  bulk  compressibility.  One  apparatus  for  the  direct  ezntl  measurement  of  the  dynamic  bulk  modulus  of  a 
solid  was  developed  at  the  NOL,  White  Oak,  Md(Ref  1).  Some  data  obtained,  on  several  HE*  a,  using  this  ap- 
paratus are  given  in  Kefs  2 4 3.  Re/s:  l)NAVORD  Kept  No  1534(1950)  2)NAVORD  Rept  No  4380(1956) 

3)PATR  1740, Rev  1(1958) 

Bullet  Impact  Sensitiveness  Test  or  Rifle  Bullet  Test(Essai  au  choc  des  bailee,  in  Fr)  (Bcschues-Sicherheit 
Probe,  in  Get)  (Prueba  al  cboque  de  las  bales,  in  Span)  will  be  discussed  in  Vol  II,  under  B.  Re/s:  l)Vennin, 

Burlot  4 Lecorche(l932),215  2)OSRD  Repts  803  & 804(1942),  15  3)Meyer(1943)»374  4)Vivas,  Feigenspan 

4 Ladreda  4,  (1944), 115  5)OSRD  Rept  5745(1945)  6)Ohart(1946),31  7)E.BurIot,  MAF  23,  185(1949)  8)L. 
Medard  4 Cesser.  MAF  23,  195(1940)  9)A.LeRoux#  Mp  33.  283(1951)  !0)TM  9— 19lQ(1955),49(descnbed 

under  ’ 'Sensitivity  to  Frictional  Impact") 

Burning  Rate  Tests  are  discussed  in  US  BurMinesBull  346(l931),30-l 

Burning  Tests.  As  surplus  expls  are  usually  destroyed  by  burning,  it  is  desirable  to  know  their  burning 
characteristics  before  proceeding  to  bum  them  on  a large  scale.  A number  of  different  methods  have  been  de- 
signed at  the  US  BurMines.  One  of  the  tests,  designated  as  V— 466  is  as  follows:  Paper  is  placed  on  the 

ground,  the  cartridges,  the  wt  of  which  should  not  exceed  2 lbs,  are  opened  and  the  contents  spread  in  a thin 
layer  on  the  paper.  After  saturating  the  expl  with  kerosene,  a charge  (ca  25  g)  of  black  blasting  pdt  is 

Qft  fKn  rtf  fh £ f av^r  anj4  an  va  a firino  jn agkm a ar  4 ^inrsn^s  a 4 n/jj  )ao « 

than  60  ft,  is  placed  in  contact  with  bik  pdr.  The  duration  of  burning  of  the  expl  is  recorded.  (See  also  Com- 
bustion Tests,  Index  of  inflammability  Test  and  under  Sensitivity  to  Flame,  Heat,  Spark,  Electrostatic  Dis- 
charges, etc  Tests).  Re/:  US  BurMinesBull  346  (1931), 31 

Colorimetric  Tests  for  Explosives,  Propellants  and  Pyrotechnic  Compositions.  These  teste  include  determina- 
tions of  beat  of  eombu$fioa(designated  as  Q ),  beat  of  explosion(Q„  ),  beat  of  formation(Qt  ),  beat  of  fusion 

^ * k 

(Q  fuan).  beat  of  sublimattonCQ  subin)  and  beat  of  vaporization( Q vapzn) 

This  subject  will  be  discussed  in  Vol  II,  under  C.  Refs:  l)Marshall  2 (1917), 440— 2 2)Baraett(  1919, 197 

3)U$  BurMinesBuii  346  (193  i),  100—4  4)Vennin,  Burlot  4 Lecorcheu932),60— 7 5)Steubachcr{1933),S3 
6)A^chmidt,  SS  29,  259  & 296(1934)  7)OSRD  Rept  293(1941)  8)OSRD  Rept  702(1942)  9)OSRD  Repts  803 
ft  804(1942), 32  l0)Vivas,  Feigenspan  ft  Ladreda  4 (1944),73— 84  1 l)Pbyaico-Chemical  Unit  Rept  No 

52— HI— 595(1952), Pic Arsn, Dover, N.J.  12)F.D.Rossini,  "Experimental  Thermochemistry, ” Interscience.NY 
(1955)  13)H.W^exton,  "The  Calorimetry  of  High  Explosives,*  * ARDE  Rept  (5)  4/56,  Apr  !956(Conf)  (Not 
used  as  a source  of  information)  14^Parr  Oxygen  Combustion  Bombs.  Description  of  bombs  and  operation 
procedures  may  be  obtained  from  the  Parr  Instrument  Co,Molline,Ill 
Capability  to  Burn  Tests.  See  Burning  Tests 
Capability  ta  inflame  Tests(Epreuves  de  1 aptitude  dc  i ’ 

See  Combuetion  Tests,  Index  of  Inflammability  Test  and  also  under  Sensitivity  to  Flame,  Heat,  Spades, 
Electrostatic  Discharges,  etc  Teats 

Cavity  Charge  Performance . See  Sbaped(or  Hollow)  Charge  Efficiency  in  this  section 

Chalon  Test  permits  simultaneous  detn  of  the  brisance  and  potential.  It  is  discussed  by  Pepin  Lehaileur 

( 1035).  54 

Characteristic  Product  of  Berthe  lot  (Product  charecteristique  de  Befthelot,  in  Fr)  will  be  discussed  in  Vol  U, 
under  C.  Ref:  Marshall  2 (1917),417 

...  1 • ....  _♦  1 t? 1 . 1.  t.\  mi  u _ j _2 1 1 u.t  nr  >•.!..  t' 

L-IOSOO  vessel  I eil(nssu  en  vwee  cioe  or  cpreuvc  n re  duuux,  iu  11)  «iu  k u*  **,  “““>■* 

Refs:  1)H.  Mur  sour,  "Poudres  et  Explosive,*  * Preaeee  Universitaires  de  France,  Pan  s(  194  7),  73— 4 2)H. 

Mur  sour  et  al,  MAF  22,  517-93(1948) 

Coefficients  Utilisation  protigoefCUP  or  cup)  (Epreuve  de  travail  apecifique).  It  is  a modification  of  Trauxl 
Teat(qv)  designed  by  Dauirlche  and  used  as  an  official  French  test  Briefly  the  test  consists  of  packing  the 
c*vity(25  ms  diem  ft  125  mm  deep)  of  Trauxl  lead  btock(200  mm  diam  ft  200  mm  high)  with  15  8 of  crystal- 
line PAfpicric  add)  in  such  a manner  that  the  height  of  charge  is  exactly  38  mm.  In  an  identical  block  is 
placed  such  an  amt  of  expl  to  teat,  that  it  would  produce  an  expansion  of  cavity  as  close  as  possible  to  that 


produced  by  15  g of  PA#  Af  tci  iligoujr  Cumpreviiug 
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detonator,  the  cavity  is  filled  to  the  top  with  dry  sand  and  the  same  is  done  with  the  chge  of  PA.  After  firing 
the  charges,  the  expansions  of  cavities  are  detd  and  compared.  If  expansion(V*  cc)  produced  by  C'  g of  earn- 

sis  Is  MAt  t/>S  I W»S»k  fVi  jM  sWAanniAA/  — -J  J ktr  1<  n P A kvifr  iIasm  AA*  wwi#*1i  A SVSAt 
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wt  of  expl(C  g)  necessary  to  produce  expansion  Vcc  can  be  fonnd  from  the  equation  / C\l,?s  V xK^n  th 


value  of  CUP  is  obtained  from  the  formula 


50  x 100 


ion  r CY  ?s  „ V 
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where  C is  wt  of  expl  necessary  to  produce  the  same 


expansion  as  produced  by  15  g of  PA(Ref  6).  It  has  been  claimed  that  this  method  gives  more  reliable  results 
than  the  regular  Trauzl  test.  Refs:  l)Marshall  2,  (I9l7),472  2)Vennin,  Burlot  Sc  Le'corchd(1932),171 

3)Stettbacher(1933),363  4)Pepin  Lehalleur(1935),66  6)L.Me'dard,  MP  33,  344(1951) 

Combustion  Tests(Epreuves  de  combustion  ou  de  1 'Aptitude  a 1 inflammation,  in  Fr).  French  official  combus* 
tton  tests  for  expla  and  propellants  include:  a)Combustion  eo  gouttiere  de  20  mm(Combustion  in  a trough  of 

20  mm),  known  also  as  Epreuve  de  propagation  dans  une  gouttiere  de  20  mm( Propagation  test  in  a trough  of 
20  mss)  and  b)  Combustion  eo  tas  cooique(  Combust!  on  in  a conics!  pile),  known  also  as  Epreuve  de  sen  si* 
bilite  a l’ inflammations ensitivity  to  ignition  test)  are  described  by  L.Medard,  MP  33,  329 — 30(  195 1) 
Compression  Tests,  such  as  Copper  Cylinder  Compression  or  Crusher  Tert(Brisance  Meter  of  Kast  Test), 


will  be  discussed  in  Vol  II,  under  C.  Refs:  l)Marshall  2,  (1917),495— 501  2)US  BurMisesBull  346  (1931), 

106—8  3)Stettbacher(1933),365— 7 4)Pepin  Lehalleur(l936),63  & 78 

Concrete  Test  will  be  discussed  in  Vol  II,  under  C.  Ref:  Marshall  2,  (1917), 273 

Cook. off  Test  is  briefly  discussed  In  this  volume,  under  Ammonium  Nitrate,  A354,  Note  a.  Ref:  Spencer 
Chemical  Co,  "Safety  Data,”  Feb  4,  i960 

Copper  Cylinder  Compression  (or  Crushing)  Test.  Same  as  Brisance  Meter  of  Kast  Teat  will  be  diacussed  in 
Vol  U,  under  B 

Cratering  Effect  or  Earth  Cratering  Test(Essai  dans  la  terre,  in  Fr)  will  be  discussed  in  Vol  II,  under  C. 

Refs:  l)Pepin  Lehalleur(1935),67  2)Meyer(1943)»379— 80  3)Vivaa,  Feigenspan  & Ladreda  4,  (1944),  117 

4)H.Muraour,  ”Poudre  et  Explosifs,”  Paris(1947),80-1  5)Belgrano(1952),28-30  6)TM  9- 1910(1955), 76-8 
Craw  show- Jones  Apparatus  for  testing  coal  mine  explosives  for  permissibility  will  be  discussed  in  Vol  II. 
under  C.  Ref:  US  BurMinesBull  346,  (1931), 95 

Crusher(Crushing)  Tests,  such  as  Copper  Cylinder  Crushing  (Compression)  Test  and  Lead  Block  Crushing 

t * A m r\f  0 O ol  An\  loot  OSA  uoaA  fns  astimatlAn  a & fk  a ksi  aom  aa  a(  a^aI  aa  i««An 
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CUP  or  cup  Test.  See  Coefficient  d ’utilisation  pratique  in  this  section 

Doutriche  Method  for  Determination  of  Velocity  of  Detonation  will  be  discussed  in  Vol  II,  under  D,  as  one  of 
the  Detonation  Velocity  Tests 

Deflagration  Test  or  Deflagration  Temperature  Test,  See  Ignition  Temperature  Test  in  this  section 
Deliquescence  Test.  See  Hygroscopicity  Test  in  this  section 
Density  Determinations  will  be  discussed  in  Vol  U,  under  D 

Detonation  by  Influence  or  Sympathetic  Detonation  Test  ^Transmission  of  Detonation  at  a Distance  Test) 
(Aptitude  a transmettre  la  detonation  a distance,  Essai  or  Coefficient  de  self-excitation,  Esaai,  in  Fr) 
(Detonation siibemagung  Probe  or  Schlagweite  Probe,  in  Ger)  (Determinacion  de  la  sensibilidad  a la  iniciacion 
por  simp  an  a,  in  Span)  (Distanza  di  esplosione  persimpatia,  Prova,  in  Ital)  include  the  following  methods: 
e)Booster  Sensitivity  Test(<iv ) b) Four-  Cartridge  TestlSee  PATR  2510(PB  1612  ' »(1958).p  Ger  521 
c)Cap  Test(qv)  d)Halved  Cartridge  Test( qv)  and  eJWax  Gap  Tes*(qv).  Refs:  l)Marshall  2 (19 17), 430 

2)Barnett(1919),212  3)US  BurMinesBull  346,  (1931),59  4)Perez  Ara(1945),H2  5)L.Medard,  MP  33,  342 

/IMH  ,OR*!ara«*Ma<,}\  Al 
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Detonation  Pressure  is,  according  to  Cook(Ref),  a property  of  great  importance  in  detonation  technology.  Its 
direct  measurement  cannot  be  made  due  to  its  transient  nature  and  ita  exceedingly  high  magnitude#,  at  least 


AIM  vuuuquotu  CipiUBiVCBi 


equation  given  on  p 32  of  the  Ref.  Note:  The  "detonation  pressure”  must  not  be  confused  with  "Pressure  of 
Gases  Developed  on  Detonation' '(qv).  Ref:  Cook(195S),32 

Detonation  Rote  Determination  or  Velocity  of  Detonation  Test(Mesures  de  vitesse  de  detonation,  in  Fr) 
(Detonation sgcschwindigkeit  Probe,  to  Ger)  (Medida  de  la  velocidad  de  detonacion,in  Span)  (Detertninazlone 
della  velocita  di  detonazione,  in  Ital),  can  be  approx  calcd,  but  more  reliable  results  are  obtained  experi- 
mentally  by  one  of  the  following  methods:  a)Mettegang  b)Dautriche  c)Rotatxng  Drum  Streak  Cameras 

d)Rotating  Mirror  Cameras(such  as  Bowen  RC— 3*  Cook-Doering-Pound;  Beckman  & Whitley,  Inc;  AEC-Bowen 
Type,  etc  cameras)  e)Grid-Framing  Camera  of  Sultanoff  f)0’  Brian  8t  Milne  Image  Dissector  g)Pin- 
Oscillograph  Method  h)Microwave  Method  i)Mini  at  ure  Charge  Techniques,  etc.  Refs:  1)M  at  shall  2,  (1917), 
477  2)Barnett(l9l9)»185  3)US  BurMinesBull  346,  (193D.  160  4)V«mio,  Burlot  & Lecorche(  1932),  158-61 

5)Seettbacher(1933),53-61  6)Reilly<1938),68-9  7)OSRD  Repta  803  & 804(1942).22-3  8)Davis(1943),  14-18 

9)Vivaa,  Feigenspan  & Ladreda  4,  (1944), 62-72  10)PATR  1465(1945)  lI)L.Mddard,  MP  33,  352(1951) 
12)Belgrano(l952),30— 9 13)TM  9-19 10(195 5),41  14)Cook(1958), 22-35  & 41-2 
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Datonatora  and  Blasting  Caps,  Initiating  Efficiency.  See  under  Initiating  Efficiency  of  Primary  Explosives, 
Blasting  Capa  and  Detonators 

Distribution  of  Shell  Fragment  Masses  was  dctd  at  ERL,  Bruce  ton,  Pa  by  firing  sheila  in  a Fragmentation 
Pit  filled  with  sawdust.  The  fragments  were  recovered  by  a magnetic  separator.  Details  of  procedure  are  given 
in  OSRD  Kept  5607(1945).  See  also  OSRD  Repts  5606  and  5608 
Drop  Test.  Same  as  Impact  Sensitivity  Test 

Earth  Cratering  Test,  See  Cratering  Effect  Test  in  Vol  11,  under  C 

Erosion  of  Gun  Borre ls[Erosion(ou  usure)  des  bouches  h feu,  in  Fr]  (Erosion  dec  Gewehrl&ufe;  Bohrabnutxung. 
or  Bohraubrennung,  in  Ger)  Test  will  be  discussed  in  Vol  111,  under  E.  Refs:  l)MsrshaH  2 (1917), 315 

2) Vennin,  Burlot  & Lecorche'(l932),274  3)Marshall  3,  (1932), 93  4)Stettbacher(1933),211  5)Pepin  Leballeur 
(1935)»102  6)H.Muraour,  "Poudres  et  Explosifs,’  * Paris(l947),115-16  7)PATR  25 10(PB16 1270)  (1958), 

p Ger  43 

Esop's  Test  for  Efficiency  of  Detonators,  devised  by  K.Esop  of  Austria,  in  1889,  consisted  of  the  following 
operations;  A 50  g sample  of  uniform  grain  FA(picric  acid),  was  made  into  a cartridge  and,  after  inserting  a 
test  detonator,  it  was  placed  on  a steel  plate  covering  two  small  lead  cylinders(Gt\iahezB),  set  vertically  on  a 
steel  base.  After  the  chge  was  fired,  the  compression  of  the  cylinders  was  measured  and  this  served  as  a std 
value  indicating  complete  detonation.  This  same  type  of  detonator  was  then  tested  in  mlxts  of  PA  with  vary- 
ing amts  of  cotton  seed  oil  and  the  max  amt  of  oil  still  permitting  complete  deton  was  detd.  The  larger 
this  amt,  the  more  efficient  was  the  detonator(Ref  1) 

This  test  was  investigated  in  Europe  after  WWI  and  found  to  be  more  reliable  than  ocher  tests,  especially 
the  sand  test(Refs  142).  In  a modification  of  the  test  devised  at  the  Chemisch-Technische  Reichsanstalt,  in 

HliltS  of  T—  T ®ith  paraffin  mav  awj  lafpf  rtf  TWT  wtfh  lOtO  P oil , S£f?fd 

as  inert  expls  for  testing  detonators.  Completeness  of  deton  was  judged  by  firiog  the  pellet  with  the  test 
detonator  in  a small  lead  block(Trauzl  test)  and  measuring  the  enlargement  of  cavity  (Compare  with  Grotta’ s 
Test  and  Miniature  Cartridge  Test).  Refs:  l)Marahsli  2 (1917), 532  2)H.Kast  « A.Knid,  S3  16,  166(1924) 

3) Jahresber  CTR  V, 112(1926)  & VI,  121(1927)  4)Marshall  3 (1932),163-4 

Explosion  by  lnfluence(or  Sympathetic  Detonation)  Test  s.  See  Detonation  by  Influence  Testa 
Explosion(or  ignition)  Tsmperoturs  Test.  See  Ignitien(or  Explosion)  Temperature  Test,  in  this  section 
Explotlon(or  ignition)  Time  Test(at  Constant  Temperatures).  See  Ignition(or  Explosion)  Time  Test(at  Con- 
stant Temperature) 

Extent  of  Propagation  of  Explosion.  See  Ability  to  Propagate  Detonation  in  this  section 
Exudation(or  Sweating)  Tests(Exsudation  Essais,  in  Fr)  (Ausschwitzungsproben,  in  Get).  The  purpose  of  the 
exudation  test  is  to  determine  whether  expls,  such  as  dynamites,  DNT,  TNT,  etc  would  release  any  !i<j  is 
storage,  especially  in  hot  climates 

Following  tests  are  described  in  Ref  1,  pp  25—7:  a )Centrifuge  Test  b )PortyDegree  Test  and  c )Britisb 

Test . Of  these  the  centrifuge  test  was  adopted  by  the  BurMines  as  being  best  suited  for  ascertaining  the 
liability  of  dynamites  to  exude 

The  French  test,  called  exsudation  par  etuvage,  is  conducted  as  follows: 

Weigh  to  the  nearest  mg  a tall  Kraft  paper  container  30  mm  in  diam  and  0.2  mm  thick.  Pack  the  container 
with  the  sample(100  g)  and  reweigh,  Tare  to  the  nearest  mg  a piece  of  porous  cardboard  5x5  cm  square  and 
2 mm  thick.  Place  the  container  on  the  cardboard  and  insert  the  ensemble  in  an  oven,  thermostatically  main- 
tained at  40±l°or  50 1 1°.  After  21  days,  reweigh  the  cardboard,  the  sample  + container,  and  the  empty  con- 
tainer 

If  the  loss  in  wt  of  sample  is  P,  increase  in  wt  of  container  p and  increase  in  wt  of  cardboard  is  P’>  then 
(p+p')  is  the  wt  of  exudate  and  P— (p  + p1)  the  loss  in  volatiles.  Multiply  the  wts  by  100  to  express  in  percent- 
age<Ref  5) 


A German  method  for  detn  of  exudation  is  described  in  Ref  7 

Some  tests  have  been  investigated  at  Picatinny  Arsenal,  but  exudation  haa  been  observed  or  induced  in 
loaded  items  of  ammunition  by  subjecting  them  either  to  alternate  periods  of  heating  and  cooling  or  to  con- 
tinuous heating  at  160°F(71°C).  There  ia  no  record  of  TNT  exudation  from  US  shell  smaller  in  caliber  than 
105  mm  or  from  Composition  B loaded  shell  stored  at  ambient  temp.  However,  most  TNT  and  TNT-contg  expls 
can  be  caused  to  exude  by  storing  the  loaded  components  at  160°F(71°C)  or  in  temps  which  fluctuate  sharply. 
In  one  series  of  tests  to  induce  exudation  and  to  obtain  exudate  samples  for  analysis  and  examination  of 
properties,  unfuzed  shell  were  placed  in  an  inverted  position  in  temps  up  to  160°F(71°C)  and  the  exudate  was 
collected  in  a cared  vessel.  A summary  of  the  pertinent  results  from  exudation  studies  conducted  at  PA  has 
been  prepared  by  Stein(Ref  6).  Refs:  l)MarshaU  2 (1917),419-22  2)Bamett(1919).215  3)US  BurMinesBull 

3 4$  (1031V25-7  3a)P*pia  Leh*lleu?(i935),61  4)Reilly(193A);65  5)L.Mddard.  MP  33  , 326(1951)  6)PATR 

2493(1958)  7)PATR  251  (XPB 161270)  (1958), Ger  45 
Falling  Waight  Tost.  Same  as  Impsct  Sensitivity  Test 
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FI  T**t(Pigure  of  Insensitiveness  Test).  The  degree  of  sensitiveness  exhibited  by  u expls  detonated  on 
mechanical  shock  is  important  because  sensitiveness  largely  determines  the  precautions  necessary  in  manu- 
facturing, handling,  and  applications  of  the  explosive.  The  difficulties  sometimes  attributed  to  determining 
sensitiveness  by  impact  or  drop-weight  machines  were  reportedly  overcome  by  an  apparatus  designed  by  Dr 
Rotter  of  the  Research  Dept,  Woolwich,  England.  By  this  procedure  reproducible  accurate  results  were  ob- 
tained,  not  by  personal  observation  of  sound  or  flash  produced,  but  by  a quantitative  measurement  of  the  gas 
produced  at  different  heights  of  fall  when  the  falling  weight  delivered  sufficient  energy  to  cause  decompn  of 
the  expl 

The  results  are  compared  to  a standard  expl,  such  as  picric  acid,  gunpowder  or  mercury  fulminate,  and 
expressed  as  a ratio  known  as  figure  of  insensitiveness.  This  ratio  represents  the  relative  energies  of  the 
impact  required  to  produce  explosions  of  equal  degrees  of  completeness  from  initial  decomposition  to  com- 
plete detonation.  Picric  Acid  is  taken  as  100,  and  explosives  giving  higher  numbers  are  less  sensitive  while 
those  giving  lower  numbers  are  more  sensitive  than  picric  acid.  Ref:  R.Robertaoa,  JCS  119  1,15(1921) 

Firs  Resistance  or  Fire  Tests  are  described  under  Sensitivity  to  Flame,  Heat,  Sparks,  Electrostatic  Dis- 
charges, etc 

Flame  Test(Length  and  Duration  of  Flame  Determination)  (Grosse  und  Dauer  von  Sprengstoff-Flammen 
Probe,  in  Get)  (Medicioin  de  la  longitud  y la  duracio'n  de  la  llama,  in  Span).  The  test  is  based  upon  the  belief 
that  the  greater  the  length  of  the  flame  an  explosive  emits  and  the  longer  the  time  during  which  chat  flame 
endures,  the  greater  are  the  chances  that  such  a flame  when  ahot  into  the  atmosphere  of  a coal  mine  will  ig- 
nite inflammable  or  expl  mixes  of  mine  gas  and  air;  of  coal  dust  and  air;  or  of  mine  gas,  coal  dust,  and  air 

The  flame- test  apparatus  used  at  the  US  BurMines  Explosives  Experiment  Station  at  Bruceton,  Pa  consists 
essentially  of  a cannon  in  which  an  explosive  is  fired  or  detonated.  The  cannon,  identical  with  that  employed 
for  the  ballistic  pendulum, is  mounted  vertically  on  a concrete  foundation  located  in  a dark  building.  By  means 
of  a photographic  camera  equipped  with  suitable  devices  to  cut  off  all  extraneous  light  rays,  the  flame  is  con- 
tinuously observed  such  that  its  apex  is  in  the  field  of  view.  The  flame  is  recorded  on  a sensitized  film  wrapped 
about  a drum  that  revolves  at  a predetermined  rate  of  speed.  The  length  of  each  flame  is  indicated  by  its  height 
in  the  photograph,  and  the  duration  by  the  length  of  photograph 

Then  testing  detooatiog  expls,  cartridges  ll/4"  in  diam  are  used,  the  wt  of  chsrge  being  100 ± 0.5  g,  includ- 
ing the  wrapper.  Then  testing  black  blasting  powder  or  other  burning  expls,  the  chge  is  tamped  in  the  borehole 
and  the  igniter  is  imbedded  centrally  in  the  top  of  the  charge-  Refs:  1)US  Bur  Mines  Bull  346,  (1931), 67 

2)Stettbacher<1933),65-8  3)Reilly(1938),69  4)Vivas,  Feigenspan  & Ladreda  4 (1944),l08-ll  5)Perez  Ara 

(1945), 125 

Flash  Point  Test.  See  Ignition(or  Explosion)  Temperature  Test,  described  in  this  section 
Flash  Teat  for  Caps.  See  Optical  Method  for  Testing  Caps 
Forty-Degree  Test.  See  under  Exudation  Tests 

Four*Cartridge  Test  is  the  Ger  detonation  by  influence  test.  It  is  described  in  PATR  2510(PB  161270)  (1958), 
p Ger  52 

Fragmentation  Te*t(Splitterprobe,  in  Ger).  The  fragmentation  test  consists  of  static  functioning  of  the  expl 
filler  of  a projectile,  rocket,  bomb  or  mine  for  the  purpose  of  determining  the  number  and  weight  grouping  of 
the  recovered  fragments.  The  test  gives  a measure  of  the  brisance  and  efficiency  of  an  expl  as  well  as  the 
efficiency  of  the  test  item 

Tests  used  abroad  are  briefly  discussed  in  Refs  1,3,4&9«  while  the  tests  used  in  the  US  are  described  in 
Refs  2,5,6,7,849 

There  are  four  general  types  of  fragmentation  tests  used  by  US  Ord  Dept:  a yClosed  Chamber  or  Pit  Test , 

b)Open  Pit  Test.  c)Panel  Test,  and  d)Velocity  Measurement  Test  The  Closed  Chamber  Test,  as  conducted 
at  Picatlnny  Arsenal,  is  described  in  detail  in  Ref  7.  The  other  three  tests,  as  conducted  at  Aberdeen  Prov» 
ing  Ground,  are  described  in  Ref  6.  More  information  on  fragmentation  will  be  given  in  Vol  III,  under  F 
Refs:  l)Stettbachef(1933)»50— 1 it  218—19  2)L.V. Clark, IEC  25,  1)89-90(1933)  3)A.Majrich  & F.Sorm, 

SS  30,  298—9(1935)  4)A.Stettbacher,  Protar  8,  90(1942)  5)Obart(1946)»33  & 213  6)Ordnance  Proof  Manual 
OPM  40-23(1947)  7)PicArsn  Testing  Manual  5-1(1950)  8)TM  9-19 10(1955), 63-4  9)PATR  1740,  Rev  1 
(1958)  10)PATR  251CKPB  161270)  (1958), p Ger  52 

Fragment  Density,  Fragment  Concentration-  or  Density  of  Splinters  Test(Splitterdicbteprobe)  is  described  in 
PATR  2510(1958),p  Ger  52 

Fragment  Gun  was  originally  developed  by  the  British  as  a convenient  instrument  for  imparting  high  velocity 
to  controlled  fragments  in  order  to  study  their  performance.  The  "gun1  * consists  merely  of  a steel  tube  into 
which  is  inserted  a flat  slug,  of  any  desired  shape,  cast  in  a Wood’s  metal  matrix.  A cylindrical  charge  of 
expl  is  inserted  into  the  other  end  of  the  tube  so  that  it  fits  smoothly  against  the  disc  of  slug  and  Wood’  a 
metal  surround.  The  charge  is  than  detonated,  from  the  end  opposite  to  the  slug,  using  a terry  1 booster  and 
suitable  detonator.  With  a given  type  of  tube  and  alug,  the  velocity  imparted  to  die  slug  is  a measure  of  a 
property  of  the  expl  closely  related  to  brisance.  The  velocity  is  determined  by  sending  the  slug  through 
three  wire  screens  and  determining  the  time  intervals  by  means  of  a Mettegang  recorder  or  other  suitable 
device.  Refs:  1X3SRD  Kept  803(  1942),27-8  2)OSRD  Rept  804<  1942),27-8 
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Fragment  Velocity  Measurement  of  statically  detonated  projectiles  provides  data  for  analysis  of  the  effective* 
ness  of  projectile  fillers  and  shell  design.  Evaluation  of  the  lethality  of  fragments  also  depends  upon  the 
deta  of  fragment  velocity 

The  basic  technique  for  detg  fragment  velocity  consists  of  firing  a model  shell  (such  as  3")  filled  with  a 
teat  HE  against  a mild  steel  panel(such  as  l/A"  and  thick)  and  photographing  the  fragments  with  a motion 
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velocity  is  obtained(Ref  2).  In  tests  conducted  at  ERL,  Bruceton,  pa,  18  expls  were  investigated  using  the 
“Bruceton  Fragment  Retardation  Apparatus.'  * Damage  to  steel  panels  was  also  deed.  Refs : l)OSRD  Rept 

5622(1946)  2)0rdnance  Proof  Manual  OPM  80-16(1957) 

Freezing  Tes«s(for  Dynamites),  The  freezing  of  expls,  such  as  dynamites,  leads  as  a rule  to  an  increase  in 
the  rigidity  and  brittleness  of  the  cartridges,  as  evidenced  by  erseks  in  the  sample.  The  extent  of  the 
rigidity  has  been  measured  at  the  US  BurMines  by  means  of  an  apparatus  called  the  “Crusher  Board.* ' This 
consists  of  a wooden  base  with  a superimposed  aluminum  plate  provided  with  a hole  at  each  of  its  four  cor- 
ners by  which  it  may  be  made  to  slide  up  or  down  on  vertical  braaa  jtuide  rods  which  are  attached  to  the  cor- 


ner a of  the  wooden  base.  The  sample  of  expl  to  be  tested(a  section  of  a cartridge,  previously  frozen  at  de- 
sired temp,  10  cm  long  cut  from  the  center  minus  wrapper)  is  placed  on  its  aide  in  the  central  position  of  the 
wooden  base  and  die  aluminum  plate  is  slipped  over  the  guide  rods  so  as  to  rest  on  the  sample.  Both  ends  of 
cartridge  are  observed  for  the  cracks.  If  none  appears  in  either  end  in  10  secs  a 100  g weight  is  added  to  the 
center  of  the  A1  place  and  if  no  cracks  appear  in  10  secs  an  addnl  100  g wt  is  added.  These  operations  are 
continued  until  the  first  crack  is  seen  on  either  end  of  the  sample.  The  total  wt  on  top  or  the  plate  pins  the 
wt  of  the  plate(911  g)  is  taken  as  a measure  of  the  compressive  strength 

Expls  that  do  not  freeze  when  exposed  to  temps  as  low  as  35°F(+  1.67°)  are  called  LF(low-freezing), 
those  not  freezing  at  0“F(— 17.78“)  are  ELF(extfa  low-freezing)  and  those  not  freezing  at  lower  temps  are 
NF( non-freezing).  Ref:  US  BureauMinesBull  346,  (193l)»27—  29 
Frictional  Impact  Sensitivity  Test.  See  under  Friction  Sensitivity  Test 
Friction  Pendulum  Test.  See  under  Friction  Sensitivity  Tests 

FRICTION  SENSITIVITY  TESTS(Reibungsempfiadlichkeit  Proben  , in  Ger)  (Essais  a la  friction,  in  Fr) 
(Pfuekgi  sl  sensibUldid  si  rozsmiento,  in  Span),  The  tests  may  be  divided  into  qualitative  and  quantitative 


types 

A.  Qualitative  Friction  Testa:  a )Frencb  Test  No  L Place  a gram  of  expl  in  a porcelain  mortar  and  rub  with 


tile  or  on  an  anvil  and  strike  a glancing  blow  by  means  of  a wooden  hammer.  Report  the  resultsfRefs  6 & 8) 
Note:  Expls  sensitive  to  these  tests  are  considered  as  dangerous  to  handle  and  if  used  in  mining  should  not 
be  tamped  even  with  s wooden  tamper  c)German  Test  of  Imperial  Railway  Commission  consisted  of  rubbing 
s small  quantity  of  expl  in  a small  unglazed  mortar  with  an  unglazed  porcelain  pestlefRefa  1,2  & 6) 

^British  Tests  of  Dupre  are  glancing  blow  tests.  They  are  described  in  Ref  6,  P 79 

B.  Quantitative  Friction  Tests,  a )Ratbsburg  Test  uses  an  apparatus  which  consists  of  two  steel  discs 

about  in  diam  with  polished  surfaces.  The  lower  disc  is  stationary,  while  the  upps  rotates  at  80  rpm. 

Loads  tanging  from  1 to  20  kg  can  be  placed  an  the  upper  disc,  tbits  maintaining  it  at  various  pressures.  The 
explosive  to  be  tested  is  mixed  with  finely  pulverized  sand  and  then  a small  portion  is  placed  on  the  lower 
disc.  A 20  kg  load  ia  placed  on  the  upper  disc,  the  disc  is  lowered  to  touch  the  sample  and  the  rotation  is 
started.  If  the  sample  does  not  explode  after  20  revolutions,  it  is  removed  from  the  apparatus  and  a new  por- 
tion is  tested  in  the  some  manner.  If  no  detonations  occur  after  6 trials,  the  expl  is  considered  insensitive 
to  friction.  If  any  detonations  are  observed  with  a 20  kg  load,  the  teats  are  repeated  using  successively 
smaller  ioads  until  the  wt  ia  reached  with  which  no  expln  takes  place  Toe  av  number  of  revolutions  required  to 
detonate  an  expl  when  tested  6 times  with  the  minim  pressure  is  then  rccorded(Refs  5 it  11) 
b)(/£  Bureau  of  Mines  Pendulum  Friction  Apparatus  was  devised  in  1911  by  C.  E.  Monroe,  C.Hall  it  S.P. 
Howell  and  three  models  of  different  sizes  were  built  at  that  time.  The  apparatus  consists  of  a pendulum  to 
the  lower  end  of  which  is  attached  a 20  kg  shoe,  with  an  interchangeable  face  of  steel  or  fiber.  It  is  also 
possible  to  use  other  types  of  shoes,  such  ss  a wooden  one  with/or  without  carborundum  cloth  attached  to 
its  striking  surface.  The  shoe  Is  permitted  to  fall  from  a height  of  1 m and  to  sweep  back  and  forth  on  a steel 
anvil,  the  polished  face  of  which  is  provided  with  three  grooves  ca  deep  cut  at  right  angles  to  the  line  of 
swing,  "T%i . a.aav*«  are  designed  to  prevent  the  sample  upon  the  snvil  fc?  testing,  from  being 

brushed  off  the  anvil  by  movement  of  the  shoe  across  it.  The  pendulum  is  adjusted,  before  placing  the  sample 
on  the  anvil,  to  swing  18  ± 1 times  before  coming  to  rest 
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grooved  portion  of  the  anvil,  and  allow  the  shoe  to  strike  the  sample  with  glancing  blows  until  it  comes  to 
rest.  Cleon  the  anvil  and  shoe,  place  another  portion  of  die  same  expl  and  continue  the  test  Repeat,  teat  a 
total  of  10  times  and  report  the  number  of  snaps,  cracklings,  ignitions,  and/or  explosions.  If  the  sample 
detonates  af  ter  1 or  2 trials,  discontinue  the  test  in  order  to  prevent  damage  to  the  apparatus.  Suck  an  explo- 
sive ie  considered  as  not  passing  the  permissibility  test.  If  die  expl  remains  unaffected  la  10  trials  with  die 
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steel  shoe,  it  is  considered  to  pass  the  test,  it  some  trials  with  the  steel  shoe  produce  burnings  or  cracklings, 
repeat  the  teat  using  the  hard  fiber  shoe.  If  in  10  trials  with  this  shoe  there  is  no  more  unfavorable  result  than 
an  almost  uadi st in guisb able  local  crackling,  the  expl  ia  considered  as  passing  the  test  for  permissibility(Refs 
3,6,8,12,13,14  Sc  15}  c laboratory  Model  of  Pendulum  Friction  Apparatus.  As  the  regular  BurMines  apparatus 
is  expensive  and  requires  large  samples  of  expls.  Taylor  Sc  Rifikenbach  used  a smaller  modclfca  % the  size  of 
the  B of  M app).  The  shoe  weighed  74  g and  samples  0.005  to  0.05  g.  One  of  these  models  is  at  the  B of  M 
Testing  Station  and  another  at  PicArsn.  This  small  model  is  considered  particularly  suitable  for  testing  ini* 
sting  expl sf Ref  4)  d)lmp  act- Friction  Pendulum , used  by  the  Spencer  Chemical  Co(Ref  16)  consists  of  a ham- 
mer with  a 9 ft  handle  «nd  a 400  lb  head.  The  hammer  delivers  energy  to  a sample  of  explosive  by  falling  a 
specified  distance  before  striking  die  sample.  Variation  in  energy  delivered  is  achieved  by  adjusting  the 
height  from  which  the  hammer  is  released.  The  hammer  is  drawo  to  this  height  in  an  arc,  by  an  electric  winch 
and  released  from  a distance  by  a lanyard  connected  to  a trigger  e)Rifle- Bullet  Sensitivity  Test  is  described 
in  Ref  15,  p 49  as  one  of  the  tests  for  "Sensitivity  to  Frictional  Impact1  * . Refs:  l)Marshall  2,  (19 17), 423  & 

437  2)Barnett(  1919)*216  3)US  BurMines  Tech  Paper  234,  (1919)  4)C. A. Taylor  Si  W. H, Rink en bach,  JFrank 

Inst  204,  369(1927)  5)H.Rathsburg,  ZAngewChem  41,  1284(1928)  6)US  BurMinesBull  346,  (1931), 79-84 
7)Venoin,  Burlot  & Lecorche'(  1932), 212  8)Mar shall  3,  (1932)425  9)Stettbacher(  193 3),3 70-1  l0)Pepin 
Lehaileur(1935)i75— 6 ll)R.Wallbaum-Wi  ttenberg,  SS  34,  162-3(1939)  12)OSRD  Repts  803  & 804(1942)46 
13)Pe're*  Ara(1945),107  14)PicArsn  Testing  Manual  7-1(1950)  15)TM  9-1910(1955),47-49  16)Spencer 

Chemical  Co,  "Safety  Data/*  Kansas  City,  Mo(1960) 

Fuse  Test  is  one  of  the  Fire  Resistance  Tests  described  under  Sensitivity  to  Flame,  Heat,  Sparks,  etc  Tests 
Galleries  for  Testing  Permissible  Explosives  (Gaieties  d’essai,  in  Fr)  (Sch  lag  wetter*  Ver  such  s creek  en,  in  Ger) 
are  described  in  the  following  Refs:  l)Marshall  2,  (1917), 585— 95  2)Barnett(1919)  3)US  BurMines  Bull 

346,(1931)49  4)Vennin,  Burlot  Sc  Lecorche'(  1932), 235-43  5)Stettbadier(  1933)448-52  6)PATR  2510(1958) 
(PB  161270), p Ger  215(Versuchsstrecke  Dortmund- De  me) 

Gap  Test  is  one  of  the  detonation  by  influencef sympathetic  detonation)  tests.  The  purpose  of  this  test  is  to 
determine  the  sensitivity  of  a charge  of  expl  to  initiation  by  another  charge  located  a certain  distance  from  the 
1st  chge.  The  larger  the  distance,  the  more  sensitive  is  the  expl 
In  the  test  used  in  France,  two  cartridges  30  mm  diam,  each  weighing  50  g,  are  placed  upon  two  lead  plates 
supported  on  two  vertical  steel  cylinders.  The  cartridges  are  placed  a known  distance  apart  with  axis  coincid- 
ing^ line),  and  then  one  of  the  cartridges  is  detonated.  After  finding  the  max  distance  at  which  there  are  3 
successive  detonations  by  influence  of  the  2nd  cartridge,  the  min  distance  is  detd  st  which  there  sre  3 suc- 
cessive failures.  The  mean  of  the  two  distances  is  designated  as  C5£(coefficienc  de  self-excitation)  Refs  1, 
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wooden  device(such  as  a skewer),  punch  a cavity  in  the  center  of  one  end  of  a 1%"  diam  cartridge  to  receive 
a No  6 electric  detonator,  which  will  be  inserted  when  the  operator  is  raady  to  fire.  Cut  the  cartridge  at  right 
angles  to  its  axis  so  that  the  column  of  expl  at  the  end  of  the  cartridge  in  which  the  cavity  has  been  punched 
is  4"  long.  If  the  expl  runs  freely,  place  over  the  cuts  small  pieces  of  thin  paper  and  fasten  them  in  place  with 
rubber  bands.  With  the  two  cut  ends  facing  each  other,  space  the  two  halves  of  the  cartridge  the  required  dis- 
tance apart  by  rolling  them  on  a flat  surface  in  a piece  of  manila  paper  0.005  to  0.0055"  thick,  cut  to  such  a 
length  that  each  gap  mark  is  4"  from  the  end  of  the  paper  and  to  such  a width  that  it  will  wrap  exactly  3 times 
around  the  cartridges.  Hold  the  tube  thus  formed  in  place  by  means  of  carpet  tacks  and  bring  the  temp  of  sam- 
ple to  22  ±5°C.  Insert  the  detonator  and  fire  it 

The  greatest  distance  between  the  halves  at  which  both  of  them  detonate  in  four  shots  is  tensed  the  "sensi- 
tiveness’ ’ and  is  expressed  in  ems;  the  min  distance  at  which  no  explosion  occurs  in  four  trials  ia  also  detd. 
Finally,  by  four  trials  at  each  intermediate  diatance,  the  number  of  "explosions'  * and  "no  explosions'  * chat 
occur  is  noted  and  recorded 


In  the  gap  test  described  in  Ref  5,  p 68,  cylindrical  cartridges  of  expl  8"  in  length  and  1.25"  diam  are 
prepd  by  pressing  ox  casting  equal  wts  of  the  expl  into  paper  shells.  Two  of  these  are  suspended  vertically  so 
that  there  ts  an  air  space  between  them  and  their  axial  lines  axe  coincident.  The  space  between  the  faces  of 
cartridges  is  always  a multiple  of  i".  A detonator  is  embe  ded  axially  in  the  iower  end  of  the  lower  cartridge 
and  used  to  initiate  detonation  in  this  cartridge.  By  repeated  tests  with  varying  air  spaces,  there  is  detd  the 
max  distance  at  which  the  upper  cartridge  can  be  detonated  by  the  lower.  This  will  be  1"  less  than  the  min 
distance  at  which  three  successive  tests  fail  to  detonate  the  upper  cartridge 

The  interposition  of  solid  barriers  such  as  wood  or  concrete  decreases  the  max  distance  for  sympathetic 
deton  and  this  effect  is  very  significant  when  small  charges  are  involved  (Ref  5) 

Application  of  the  gap  test  to  detn  of  efficiency  of  detonators  is  described  by  Clark  as  one  of  the 
* 'Pr opagation  Tests"  (Ref  2a).  For  this  test  a 0.50g  chge  of  DADNPh  (diazodinitropbenol)  ia  placed  in  a 
No  8 detonator  shell  and  pressed  under  a reenforcing  capsule  at  3400  n si . In  a similar  manner  detonators 
contg  0.50  and  1.00  g chges  of  MF(mercuric  fulminate)  are  prepd.  The  test  detonator  is  placed  centrally  to 
a cylindrical  oaken  shield,  with  its  long  axis  parallel  to  and  coinciding  with  the  long  axis  of  the  shield 
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and  with  its  base  flush  with  the  end  of  the  shield.  A cartridge  of  40%  straight  dynamite  with  its  cut  end 
facing  the  detonator  across  an  air  gap  of  known  length,  is  wrapped  together  with  the  detonator  in  three  turns 
of  heavy  paper.  The  max  gap  over  which  detonation  can  be  transferred  with  certainty  from  the  detonator  to 
cartridge  of  dynamite  is  detd  by  four  trials.  (See  also  Booster  Sensitivity  Test  and  Wax-Gap  Test).  Refs: 
l)E.Burlot,  MAF  9,  799(1930)  2)USBurMinesBull  346  (1931),  59  2a)L.V. Clark,  IEC  25,668(1933)  3) 
M.Dutour,  MP  31 , 74(1949)  4)L.M6dard,  MP  33,  342-4(1951)  5)TM  9-1910(1955),67-8 

132°  German  Test  (ErhitzungsprUfung  bei  132°)  in  Ger).  This  test,  originally  designed  to  be  conducted  at  135° 
to  determine  the  stability  of  NC  and  propellants,  was  used  to  a considerable  extent  in  Germany  and  in  other 
countries.  A 2.5g  sample  of  NC  or  of  smokeless  propellant  is  placed  in  a test  tube  350  mm  long,  16  mm  ID 
and  19  mm  OD.  A strip  of  blue  litmus  paper  is  inserted  so  that  it  is  25  mm  above  the  expl.  The  tube  is  loosely 
closed  with  a cork,  and  inserted  in  one  of  the  orifices  in  the  cover  of  the  bath  contg  boiling  xylene  and  pro- 
vided with  a reflux  condenser.  The  orifices  are  in  the  form  of  tabes  11  cm  long,  closed  at  the  bottom  and 
contg  glycerin.  The  time  of  heating  required  to  turn  the  litmus  paper  red  is  taken  as  an  indication  of  stability. 
Then  heating  is  continued  until  the  appearance  of  brown  fumes  and  may  be  further  continued  until  explosion 
occurs  mRefs:  l)Reilly(1938),  82  2)Kast-Metz(  1944),  233-4 

Granulation  Test.  The  purpose  of  this  test  is  to  determine  panicle-size  distribution.  For  this  superimpose 
the  required  number  and  sizes  of  US  Standard  Sieves  as  required  by  the  specification,  in  the  order  of  de- 
creasing size,  placing  the  largest  mesh  on  top  and  a receiving  pan  at  the  bottom.  Place  a 30  g portion  of  the 
sample  on  the  top  si  eve, cover  it,  and  shake  mechanically  (at  300115  gyrations  and  150110  taps)  or  by  hand, 
for  5 mins.  Weigh  the  material  retained  on  each  sieve  and  calculate  the  percentage  of  the  sample  through 
each  sieve  and,  if  required,  that  retained  on  any  sieve  Ref:  Spec  MIL-STD- 266(1 956),  Method  No  506.1 
Grotto's  Test  for  Detonators,  described  by  B.Grotta,  IEC  17,  134-8(1925)  consisted  of  firing  the  charges  of  an 
insens  expl  (such  as  a mixt  of  TNT  92  with  iron  oxide  8%),  placed  on  a lead  plate  1.5  * 1.5"  and  0.25"  thick, 
with  various  strength  detonators  and  observing  the  damage  caused  to  the  plate.  It  was  found  that  the  so- 
called  "Reenforced  Booster  Type  Detonators"  (compd  detonators  contg  MF,HgN,+TNT)  produced  complete 
detonations  in  100%  of  tests,  while  simple  detonators  (contg  only  MF)  gave  90%  of  misfires  (Compare  with 
Esop’s  Test  and  Miniature  Cartridge  Test) 

Halved  Cartridge  Gap  Test.  See  under  Gap  Test 

Heat  of  Combustion  (Qc),  Heat  of  Explosion  (Qe)  and  Heat  of  Formation  (Qf)  will  be  discussed  under 
Calorimetric  Tests  in  Vol  11. 

H«at  Tests  (Thermal  Stability  Tests)  include  among  others  the  following;  l)Abels’  or  K1  Test  (qv)  2) 
American  Test  at  65.5°  or  80°  (See  Ref  2 p 80  and  under  Surveillance  Tests  in  this  section)  3)Angeli’s 
Test  (See  Ref  2,  p 90  and  p A403  of  this  volume)  4)Bergmann-J unk  Test  (qv)  5)Brame’s  Test  (Ref  2,  p 88) 
6)Brunswig's  Test  (Ref  2,  p 86)  7)Chiaraviglio  & Corbino’s  (Ref  2,  p 88)  8)Conductivity  Method  (Ref  2, 
p 91)  9)Continuous  Stability  Test  (Ref  2,  p 70)  10)Desmaroux  Test  (Ref  2,  p 90)  lljDupre’s  Vacuum 
Test  (Ref  2,  p 87)  12)Dutch  Test  (Ref  2,  p 85)  13)German  132°  Test  (qv)  14)Guttmann's  Test  (Ref  2,  p 78) 
l5)Haid,  Becker  & Dirtmar’s  Test  (Ref  2,  p 92)  16)Heat  Tests  at  100°,  120°  it  134.5°  (qv)  (Compare  with 
German  132°  Test)  17)Hess’  Test  (Ref  2,  p 78)  18)Hoitsema*s  Test  (Ref  2,  p 78)  l9)Hom-Seifert*s  Test 
(Ref  2,  p 79)  20) International  75°  Test  (qv)  21)Jensen's  Test  (Ref  2,  p 80)  22)MarqueyroI's  Test  (Ref  2, 
p 90)  23)Meerscheidt-Hullessem's  Tests  (Ref  2,  pp  85  & 89)  24)Methyl  Violet  Test  (Ref  2,  p 79)  25) 

Mittasch’s  Method  (Ref  2,  p 87)  26)Moir’s  Teat  (Ref  1,  p 224)  27)Obermuller’s  Method  (Ref  2,  p 87)  28) 

p H Measurements  (Acidity  Measurements)  axe  made  on  a 5g  sample  of  expl  after  heating  from  75°  to  132° 
according  to  the  nature  of  the  expl,  and  the  change  in  pH  is  noted  29)PolIard’s  Test  (Ref  2,  p 80)  30) 

Resistance  to  Heat  Test  (qv)  31)Silvered  Vessel  Test  (qv)  32)Simon  Thomas’  Test  (Waltham  Abbey  Test) 
(Ref  1,  p 225  it  Ref  2,  p 80)  33)Spica’s  Test  (Ref  2,  p 78)  34)SurveiUance  Tests  at  65°  or  80°  (qv)  35) 

Sy's  Test  (Ref  2,  p 85)  3 )Talliani  Test  (qv)  37)Taylor*s  Test  (Ref  2,  p 82)  38)Tomonari's  Test  (Ref 

2,  p 91)  39)Vacuum  Stability  Tests  (qv)  40)Vielle's  Test  (Ref  1,  p 224  & Ref  2,  p 78)  41)Wann- 
lagermethode  75°  (Ref  2,  p 81)  42)WiU’s  Test  (Ref  1,  p 225  & Ref  2,  p 86)  4 3) Zinc  Iodide  Test  (Ref  2,  p 77) 

Refs:  DBarnett  (1919),  217-225  2)Reilly  (1938),  70-93  3)PATR  1401,  Rev  1 (1950),  12-18 

100°  Heat  Test  is  one  of  the  US  standard  stability  tests.  Transfer  four  weighed  0.60g  portions  of  sample  of 
known  moisture  content  to  each  of  four  test  tubes,  75  nun  long  and  10  mm  diam,  two  of  which  have  been  tared. 
Place  all  tubes  in  an  oven  maintained  at  10011°,  After  48  hrs  remove  two  taxed  tubes,  cool  in  a desiccator 
and  weigh  each  tube.  Replace  the  tubes  in  the  oven  and  heat  for  the  2nd  48  hr  period.  Cool  in  a desiccator 


and  weigh.  Calculate  the  percentage  loss  in  wt  during  each  48-hr  period  of  beating  and  subtract  the  known 
percentage  of  moisture  from  wt  lost  during  the  1st  48  hr  period.  Allow  the  untared  test  tubes  to  remain  in  the 
oven  for  100  hrs  of  continuous  hearing  and  note  if  ignition  or  expln  takes  place*  Refs:  1)PATR  1401  Rev  1 

(1950).  13  2)TM  9-1910  (1955),  55-6 

120°  and  134.5°  Heat  Test*.  The  120°  test  is  used  for  testing  the  stability  of  HE’s  & double-base  propellants, 
while  the  134.5  test  is  used  for  single- base  propellants  and  for  nitrocellulose.  In  either  case,  weigh  five 
2.5g  portions  of  the  sample  and  place  each  in  a heavy  Pyrex  test  cube,  15  mm  ID,  18  mm  OD  and  290  mm  long. 
Insert  a piece  of  std,  normal  methyl  violet  paper  7D  mm  long  and  20  «nm  wide,  vertically  in  each  tube  so  that 
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the  lower  edge  of  paper  is  25  mm  above  the  sample.  Stopper  each  tube  with  a cork  through  which  a hole  4 nun 
in  diam  has  been  bored  to  prevent  build-up  of  pressure  inside  the  tube.  Place  the  tubes  in  the  appropriate 
const  temp  bath  at  120.0±0.5°  or  134.5±0.5°,  which  is  so  designed  that  no  more  than  7 mm  of  the  tube  projects 
above  the  cover.  The  bath  is  in  the  form  of  a cylindrical  tube,  provided  with  a perforated  cover  and  reflux 
condenser.  The  bath  is  filled  with  aq  glycerin  d ca  1.21  for  120°  and  d 1.24  for  134.5°  bath.  Examine  at  5 
mins  intervals  each  tube  by  lifting  one-half  of  its  length  and  replacing  quickly.  Record  the  time  at  which 
the  test  paper  in  any  of  the  5 tubes  changes  to  a pink  salmon  color.  Continue  heating  until  any  of  the  tubes 
become  filled  with  red  fumes.  Heating  may  be  continued  further  to  det  whether  sample  in  any  of  the  tubes 
explodes.  Refs;  1)PATR  1401,  Rev  l (1950),  16-17  2)TM  9-1910U955),  243  & 245 

Hemispherical  Iron-Dish  Test  is  one  of  the  Fire  Resistance  Tests  described  under  Sensitivity  to  Flame,  Heat, 
Sparks,  etc  Tests 

Hess'  Brisance  Test.  See  under  Brisance  (Shattering  Effect)  in  Vol  II 

High  Speed  Optical  Devices  Used  for  Measuring  Detonation  Rates  are  mentioned  under  Detonation  Rate 
Determination.  Ref:  Cook  (1958),  22-35 

High-Speed  Radiography  may  be  subdivided  into;  l)Flash  Radiography  and  2)Continuous  (or  Screak) 
Radiography.  The  1st  has  been  very  useful  in  studing  the  behavior  of  the  collapsing  liner  and  the  jets  from 
shaped  charges,  while  the  2nd  has  been  used  in  the  study  of  solid  explosives*  Ref:  Cook(1958),  35-6 

Hollow  Charge  Efficiency  Test.  See  Shaped  Charge  Efficiency  Test 

Hopkinson’s  Pressure  Bar  Test.  The  quantitative  measurement  of  the  press  developed  by  expis  over  small 
intervals  of  time,  which  is  a measure  of  expl  violence,  was  made  possible  by  application  of  the  method 
conceived  by  Prof  B.  Hopkinson.  The  application  of  Hopkinson' s principle  to  a wide  field  of  research;  such 
as  initiation  of  deton,  properties  of  the  deton  wave,  and  the  design  of  detonators  & fuses;  and  the  design  of 
a variety  of  instruments  were  carried  out  by  physicists  of  the  Res  Dept,  Woolwich,  England 

The  principle  on  which  the  determination  of  press  is  based  depends  on  the  fact  that  when  a charge  is 
fired  against  tbe  end  of  a cylindrical  steel  bar  ballistically  suspended,  a wave  of  compression  travels  along 
the  bar  and  is  reflected  at  the  far  end  as  a tension  wave.  In  order  to  investigate  the  properties  of  the  wave,  a 
short  length  of  the  bar  farthest  from  the  charge  is  cut  off,  the  ends  are  surfaced,  and  the  pieces  are  joined 
by  a film  of  vaseline.  The  compression  wave  travels  unchanged  through  the  joint  into  the  short  bar  (known 
as  the  time-piece),  but  the  film  is  unable  to  transmit  the  tension  wave.  Hence,  when  the  amplitude  of  the 
reflected  tension  wave  reaching  the  joint  becomes  greater  than  that  of  the  original  compression  wave,  the 
time-piece  is  projected  with  a momentum  which  depends  on  the  expl  press  developed  and  the  time  to  traverse 
the  short  bar.  By  tbe  use  of  time-pieces  of  different  lengths,  it  is  possible  to  approximate  the  maximum 
pressure  developed,  and  to  calculate  mean  pressure  values  over  various  time  intervals.  In  order  to  protect  the 
instrument  it  is  necessary  to  interpose  a pellet  of  standardized  material  between  the  test  expl  and  the  pressure 
bar.  Re/s:  1)B.  Hopkinson,  PhilTrans  213A,  437(1914)  2)R.Robettaon,  JCS  119  I,  19-24(1921)  3)J.L. 

Sherrick,  ArOrdn  24,  330(1924)  4)Marshail  3 (1932),  155-7 
Humidity  Test.  See  Hygroscopicity  Test 

Hygroscopicity  (or  Humidity)  Test  (Absorption  of  Moisture  Test)  (Reprise  d’humidite,  Essai,  in  Fr) 
(Hygroskopizitat-  or  Feuchtigkeit  Probe,  in  Ger).  The  hygr  nature  or  property  of  a material  to  absorb  moisture 
from  its  environment  must  be  known  if  an  expl  is  to  be  considered  for  military  or  commercial  use.  Absorption 
of  moisture  can  have  an  adverse  effect  on  the  sensitivity,  stability,  or  reactivity  of  expis.  This  property 
should  be  negligible  to  very  low  absorption  for  most  expis 

In  one  test  procedure  a weighed  sample  of  known  granulation,  if  solid,  is  exposed  to  predetermined  con- 
ditions of  temp  and  humidity  until  equilibrium  is  attained.  In  cases  where  either  the  rate  of  absorption  is  very 
low,  or  large  amounts  of  water  are  picked  up,  the  sample  is  exposed  for  a stated  time,  for  example,  24  hrs. 

The  exposed  sample  is  then  re  weighed  and  the  moisture  absorbed  is  expressed  as  % hygroscopicity 

French  hygroscopicity  tests,  known  as:  a)Reprise  d’humidite  de  l’explosif  en  vrac  (Taking  up  moisture  by 
an  explosive  in  bulk)  and  b)Reprise  d'humidite  en  atmosphere  satuiee  d’eau  des  exp  Iosifs  encartoucbes 
(Taking  up  moisture  by  cartridged  explosives  in  atmosphere  saturated  with  water)  are  described  io  Ref  4 
Refs:  DMarshall  2(1917),  416-9  2)Bamett(1919),  214  3)Davis(  1943),  313  4)L.Me'dard,  MP  33,  325-7 

(1951)  5)TM  9-1910(1955),  10-2  6)PATR  1740,  Rev  1(1958) 

Ignition  (or  Explosion)Tamperatura  Test;  Ignition  Point  Test  (Deflagration  Temperature  or  Flash  Point  Test) 
(Entzundungstemperatur;  Explosionstemperatur  or  Entziindungspunkt  Probe,  also  called  Vetpuffungstemperatur 
Probe,  in  Ger);  (Essai  de  deflagration,  in  Fr).  Heat  causes  the  decompn  of  all  expis  at  a rate  which  varies 
with  the  temp.  Almost  all  expis  have  a critical  temperature  below  which  the  rate  of  decompn  is  small  to 
negligible.  One  measure  of  the  relative  sensitivity  of  expis  to  heat  is  detd  by  means  of  the  ignition  Ox  explo- 
sion temperature  test 

The  procedure,  in  one  test,  is  to  immerse  to  a fixed  depth  in  a bath  of  Woods’  metal,  a metal  blasting  cap 
containing  0.02  g expl  sample.  The  molten  bath  is  maintained  at  a controlled  temp  by  means  of  an  electric 
furnace.  A number  of  tests  is  made  with  the  bath  at  various  temps  so  as  to  produce  flashes  or  explosions 
over  a range  of  2 to  10  seconds.  The  data  so  obtained  are  plotted  as  a time-temp  curve  and  from  this  curve 
is  found  the  temp  to^cause  ignition  or  explosion  in  5 seconds  (Refs  5,7,8,9,10&11) 
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Another  method  is  to  place  an  expl  sample  directly  on  the  molten  Wood’  a metal  bath  or  other  metal  sur- 
face  heated  at  a controlled  temp.  The  temp  of  the  metal  surface  is  increased  until  a value  of  0.1  sec  for 
ignition  or  explosion  ia  estimated  by  the  observer  as  an  almost  instantaneous  interval  of  cime(Refs  9*10  St 

11) .  Other  methods  axe  described  in  Refs  1,2,3,3a  & 4).  Refs:  l)Marshnli  2,  (1917)^35—7  2)Bamett 

(1919), 2 13  3)M-M.Kostevitch,  SS  23,  156(1928)  3a)Vennin,  Burlot  & L<£coreh«[1932),2n  4)Ste«thach«r 
(1933), 373  5)L.V.Clark,  IEC  25,  668  & 1389(1933)  6)Reilly(1938),66  & 83  7)Davis(1943),21  8)OSRD 
Rept  No  1986(1943)  9)PATR  1401,  Rev  1(1950),  10)TM  9-1910(1955), 50  11)PATR  1740,  Rev  1(1958) 

|gnitlon(or  Explosion)  Time  Tests(a«  Constant  Temperatures).  In  some  cases  the  explosive  is  maintained 
at  const  temp  and  the  time  to  explosion  is  measured.  Same  type  of  apparatus  can  be  used  as  for  Ignition 
Temperature  Test.  Patterson(Refs  1&3)  detd  the  relationship  between  time  to  ignition  and  temp  and  showed 
that  the  lower  the  temp  the  longer  was  the  time  reqd  for  ign  of  propellant  s.  Wiggam  8t  Goodyear(Ref  2) 
have  made  a critical  study  of  the  explosion— time  test.  Refs:  1)G-W. Patterson,  SS  5,  49(1910)  2)D.R. 

Wiggam  & E.S. Goodyear,  lEC.AnalEd  4,  77(1932)  3)Beilly(1938),83 

Impact-Friction  Pendulum  Test  is  briefly  described,  p A3 54,  Note  d),  under  Ammonium  Nitrate 
Ref:  Spencer  Chemical  Co,  "Safety  Data,”  Kansas  City,  Mo(1960) 

Impact  Sensitivity  or  Shack  Sensitivity  TestfDrop  Weight  or  Falling  Weight  Test)  (Sensibilite  an  choc  da 
mouton,  in  Fr)  (Stossempfindlichkeit  or  Fall hammer-Pro be,  in  Ger)  (Prueba  al  choque  or  Prneba  de  la  caida 
de  un  peso,  in  Span)  (Detenninazione  della  sensibilita  all*  urto  or  Saggio  alia  Berta,  in  Ital).  This  test  was 
designed  to  determine  the  sensitivity(resistance)  of  expis  to  sbock( impact).  The  information  obtained  by 
this  test  is  considered  most  valuable,  as  it  gives  assurance  of  safety  of  handling,  transportation  and  use 
Essentially,  the  test  consists  of  placing  a small  amt  of  expl  on  a surface  of  a stationary  steel  block(an- 
vil)  and  then  striking  the  sample  by  allowing  a certain  load(called  hammer)  to  drop  on  it  from  a designated 
height.  The  max  height  that  a substance  can  withstand  without  exploding  or  deflagrating  is  considered  the 
impact  value.  The  greater  the  fall  of  the  hammer  of  the  same  wt,  the  leas  sensitive  to  impact  is  the  expl 
It  seems  that  one  of  the  first  successful  impact  machines  was  constructed  in  Germany  by  F.  Lenxe,  who 
described’  it  in  Ref  1.  This  apparatus  is  also  briefly  discussed  by  Marshall(Ref  2).  Stettbacber(Ref  8)  p372) 
gives  a brief  description  of  the  apparatus  called  F ollbammer  nacb  Kast( See  also  Ref  11) 

The  US  Bureau  of  Mines  constructed  several  models,  small  and  large(Refs  5,13*15),  which  seem  to  be 
similar  to  the  German  machines.  With  the  Bureau  of  Mines  Small  Impact  Apparatus , testa  are  conducted  as 
described  in  Refs  5,13  & 16.  One  of  such  machines  is  installed  at  Picatinny  Arsenal.  The  max  wt  of  the 
hammer  ia  2 kg  and  the  maximum  height  is  100  cm.  This  app  uses  unconfined  samples  of  expl,  each  weigh- 
ing 0.02  g.  This  machine  gives  consistent  results  for  fairly  sensitive  expis,  but  for  expis  such  as  TNT,  the 
results  are  not  very  reliable.  Note:  Considerable  efforts  were  made  during  WWII  to  place  impact  testing  on  a 
more  fundamental  basis  both  from  the  suitability  of  the  apparatus  used  to  give  reproducibility  and  the  re- 
liability and  mathematical  interpretation  of  results( See  Refs  104  3 & 17) 

More  consistent  results  than  some  obtained  with  the  B of  M machines  are  obtd  with  an  apparatus  used  for 
many  years  at  Picatinny  Arsenal(Refs  4, 13|  15  * 16).  With  this  machine,  known  as  Picatinny  Arsenal  Impact 
Apparatust  samples  are  tested  under  confinement  and  results  are  reported  in  inches.  The  usual  weight  ham- 
mer is  2 kg  for  HE*  s and  smaller  wts  of  1 lb  or  8 oz  for  initiating  expis.  Fora  description  of  apparatus  and 
procedure,  see  Refs  13,15  * 16 

Both  the  US  B of  M and  PA  Impact  Machines  have  been  used  at  Picatinny  Arsenal  for  the  testing  of  liquid 
expis,  with  a modification  in  sample  handling  required  only  in  the  case  of  the  BM  app aratus( Refs  12a  & 16) 
Dr  Rotter  of  the  Research  Dept,  Woolwich,  England,  designed  an  apparatus  and  a method  of  testing(Refa  3 
* 6),  which  is  claimed  to  be  more  accurate  than  other  known  methods.  This  is  now  an  official  British  test 
snd  the  value  obtained  is  known  as  Fl( Figure  of  Insensitiveness)  (qv) 

The  French  testa,  known  as  essais  au  choc  du  mo  uton(d  cacti  bed  in  Refs  7,9  * 14)  are  subdivided  into; 
a)*5sdt  au  c hoc  du  petit  mouton , which  uses  small  wts,  such  as  2 kg  and  b)essat  au  gros  mouton , which 
uses  large  wts,  such  as  30  kg.  A detailed  description  of  these  tests  is  given  in  Ref  14*  Refs:  l)F.Lenze, 

SS  1,  287-93(1906)  2 Marshall  2 (1917), 423-4  3)R.Rote«son,  JCS  119,  16-18(1921)  4)H.S. Deck,  Army 
Ordn  7,  33-7(1926)  5)US  BurMinesBull  346,  (1931), 71-8  6)Marahail  3,  (1932), 127  7)Vennin,  Burlot  * 
Lecorche(l932), 213-15  8)Stettbacher<1933)*371-3  9)H.Muraour,  MAF  12,  560-1(1933)  10)OSRD  Repta 
803  & 804,(1942),3— 14  10a)Vivas,  Feigenspan  & Ladreda  4,  (1944),105— 7 HJPeirez  Ara(  1945),  104— 7 

12) H.Muraour,  "Poudrea  et  Explosifs,”  Paris(1947),81-3  12a)PATR  1738(1949)  13)PATR  1401,  Rev  1 

(I950>,2— 6 14)L.  Medard,  MP  33  , 330-4(1951)  l4a)Belgrano(1952),49-51  15)TM  9-1910(1955), 43-7 
16)PATR  1740,  Rev  1(1958)  17)Cook(1958),38-40  * 332-4 

Index  of  Inflammability.  This  is  a measure  of  the  likelihood  that  a bare  charge  will  catch  fire  when  exposed 
to  flames.  The  test  is  made  by  bringing  an  oxyhydrogen  flame  in  contact  with  the  sample.  The  maximum  time 
of  exposure  which  gives  no  ignition  in  10  trials  and  the  minimum  exposure  which  gives  ignition  in  each  of 
10  trials  are  determined.  The  index  of  in flamm ability  is  100  divided  by  the  mean  of  the  two  times  in  sec- 
onds. The  most  inflammable  substances  have  high  indices,  such  as  2.50.  (See  also  Sensitivity  to  Flame, 
Heat,  Sparks,  etc  Tests).  Ref:  PATR  1740,  Rev  1(1958) 
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Inflammability  Test.  See  Index  of  Inflammability  Teat  and  under  Sensitivity  to  Flame,  Heat,  Sparks,  Electro- 
static Discharges,  etc 

Influence  Tests.  See  Detonation  by  Influence  Tests 

Initial  Velocity(Muizte  Velocity)  Determination.  See  under  Ballistics,  External  In  Vol  II 
Initiating  Efficiency  (or  Strength)  of  Detonators  by  the  Miniature  Cartridge  Test.  This  test  developed  at  the 
US  BurMines,  consists  of  loading,  at  a const  packing  density,  a 5 g charge  of  an  insensitive  expl(anch  as  a 
homogeneous  TNT-Iron  Oxide  Mixture)  into  a paper  cartridge  l£"  ID  and  2%'*  long.  After  inserting  the  deto- 
nator to  teat  into  the  cartridge,  the  ensemble  is  fired  in  the  center  of  1000  g of  Ottawa  aid  sand  placed  in  a 
steel  bomb  of  3"  ID.  The  crushed  sand  which  passes  through  a No  30  US  Std  Sieve(see  Table  I,  p A674)  is 
weighed  and  from  this  is  subtracted  the  value  for  detoaator  alone(blank),  which  is  obtained  by  similarly  fir- 
ing a miniature  cartridge  contg  5 g of  pure  iron  oxide  and  the  same  type  of  detonator.  The  difference  in 
crushed  sand  thus  derived  represents  the  initiating  efficiency  of  the  detonator.  Ref:  US  BurMineaTechPaper 
677(1945) 

INITIATING  EFFICIENCY  (INITIATING  VALUE  OR  STRENGTH)  OF  INITIATING  EXPLOSIVES,  BLAST- 
ING CAPS  AND  DETONATORS,  DETERMINATIONS(Essais  des  amorces,  in  Fr)  (Grenzinizialen,  in  Ger). 
Initiating  efficiency  strength  or  value)  can  be  expressed  in  terms  of  min  wt  of  primary(or  initiating)  expl  or  in 
smallest  No  of  blasting  cap  or  detonator  required  to  cause  max  detonation  of  a HE.  This  can  be  detd  by  one 
of  the  following  methods:  a )Esop’  s Test(qv)  b)Cap  Test(qv)  c )Crotta’ s Tert(qv)  d )Lead  Plate  Test 
(see  under  Plate  Teats)  e)Mintalure  Cartridge  Test( see  previous  item)  f)N<a7  Tes((qv)  g ^Optical 
Method(qy)  h )Sand  Test( see  next  item)  i fSmall  Lead  Block  Compression  Tesl(sec  Esop*  s Test)  \)Small 
Lead  Block  Expansion  Test( see  under  Trauzl  Tests)  lc)Sourui  Test(qv)  (Compare  with  Sensitivity  to  /ni* 
tiation  by  Initiating  Explosives,  Detonators  and  Boosters  Tests).  Refs:  l)Marshall  2,  (1917),530— 2 

2)H.Kast  & A.Haid,  SS  19,  146  8t  165(1  924)  3)L.W6bler,  SS  20,  145  & 165(1925);  SS  21,  1,  35,  55,  97  A 
121(1926)  4)W.Friederich  & P.Vervoorst,  SS  21,  51(1926)  5)L. Wohler  et  al,  SS22,  95(1927)  6)B. 
Cserneczky,  SS  24,  169-72(1929)  7)A.Haid  & H.Koenen,  SS  25,  393,  433  & 463(1930)  8)Mar8hall  3, 

(1932), 163-4  9)Stettbacher(  1933),  361  10  Reilly (1938), 69-70  ll)Perez  Ara(l945), 121-3  12)PATR  1401, 
Rev  1(1950), 12  13)TM  1910(1955), 64(Initiatlng  Value) 

Initiating  Efficiency(or  Strength)  of  Primary  Explosives  by  Sand  Test.  Using  0.400  g charges  of  tetryl  and 
0.400  g of  the  initiating  explosive  under  test,  det  the  wts  of  sand  crushed  by  initiator  alone  and  by  initiator 
+ tetryl.  Subtract  from  the  last  value,  the  amt  crushed  by  0.400  g of  initiator  and  record  this  as  the  value 
crudied  by  tetryl.  Repeat  the  test  with  initiator  + tetryl  a total  of  5 times  and  compare  the  results.  If  the 
values  for  tetryl  do  not  vary  by  more  than  3.0  g and  the  av  of  these  is  within  2.0  g of  the  av  value  for  tetryl 
obtained  with  0.300  g of  LA  as  an  initiator,  consider  it  as  the  maximum.  Repeat  the  test  using  smaller  amts 
(0.350  g,  0.300  g etc)  of  imtiator(and  always  0.400  of  tetryl)  until  the  minimum  is  reached.  (Compare  with 
Sensitiveness  to  Initiation  by  Detonators,  etc).  Refs:  1)L.V. Clark,  IEC  25,  666(1933)  2JPATR  1401, 

Rev  1(1950),12 

Initiating  Power.  Same  as  Initiating  Efficiency 
Initiating  Strength.  Same  as  Initiating  Efficiency 
Initioting  Value.  Same  as  Initiating  Efficiency 

Initiation  Sensitivity  by  Electrostatic  Discharges  or  by  Sparks.  See  under  Sensitivity  to  Flame,  Heat,  Sparks 
and  Electrostatic  Discharges 

International  75°  Test  is  one  of  the  common  stability  tests  for  expls.  Place  two  samples  of  10  g each  in 
tared  weighing  bottles  35  nun  diam  and  50  mm  high,  cover  them  and  weigh.  Heat  the  loosely  covered  bottles 
for  2 hra  at  75°,  cool  in  a desiccator  and  reweigh.  Calculate  the  loss  of  wt  as  % of  volatility  of  sample.  Note 
if  the  material  undergoes  decompn  or  is  markedly  volatile  as  indicated  by  discoloration,  the  appearance  of 
brownish  fumes,  etc.  Refs:  l)ReiUy(l938),80  2)PATR  1401,  Rev  1(1950), 13  3)TM  9-1910(1955), 55 

Iren  Oxlde-TNT  Test  for  Detonators.  See  Grotta*  s Test  and  the  Initiating  Efficiency  of  Detonators  by  the 
Miniature  Cartridge  Test 

Kast  Brlsanca  Mater  is  an  apparatus  for  measuring  the  briaance  by  compression(crusbing)  of  a copper  cylin- 
der. It  will  be  discussed  in  Vol  II,  under  Brisance  Meter  of  Kast 

Kast  Value  or  Brisance  Value  of  Kast  will  be  discussed  in  Vol  II,  under  Brisance  Value  of  Kast 
Kl-Heat  Tests  or  Kl-Starch  Tests.  See  Abel  Test,  p A2  of  this  volume 

Kraf  tzehl(KZ)  Pro  bo  (Strength  Number  Test)  is  a German  modification  of  Trauxl  Test.  Ref:  PATR  2510 
(PB  161270H1958),  p Ger  102 

Lead  Blodc(or  Cylinder)  Compress!  on  (or  Crushing)  Tast(Lead  Block  Test  or  Hess  Test)  (Stauchprobe  nach 
Hess,  in  Ger)  (^preuve  au  block  de  plomb,  in  Fr)  is  one  of  the  German  tests  for  brisance,  also  called  per- 
cussive force.  It  will  be  described  in  Vol  II,  under  Compression  Teats 
Lead  Black  Expansion  Test.  See  Trsazl  Test 
Lead  Plata  Test.  See  under  Plate  Tests 

Length  and  Duration  of  Flame  Test(Grfisse  und  Dauer  von  Sprengatoff-Flammen  Probe,  in  Ger).  See  Flame 
Teat 
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Maximum  Available  Work  Potential  is  discussed  in  Cook(1958),36— 7 
Maximum  Potential  Work  is  the  some  as  Brisance  Value  of  Kast 

Maximum  Pressure  of  Explosion( Maximum  Pressure  of  Gases  Developed  on  Explosion)  (Maximale  Explosions- 
druck  or  Gasdruck,  in  Ger).  See  under  Pressure  of  Explosion 

Mechanical  Shock  may  be  of  two  types:  shock  due  to  friction  and  shock  due  to  impact.  These  tests  are  de- 
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Miniature  Cartridge  Test.  See  Initiating  Efficiency  of  Detonators  by  the  Miniature  Cartridge  Test 
Miniature  Charge  Techniques  for  detn  of  detonation  velocity  is  briefly  discussed  in  Cook(l958),41— 2 
Morfsr  ToBf(Epfcuve  de  tir  au  moxtier  or  Eesai  au  morticr  eprouverte,  in  Fr)  (Morserprobe,  in  Ger).  A device 
used  both  in  England  and  France  essentially  consists  of  a large  cast-iron,  solid  cylindrical  block  securely 
fixed  on  a concrete  foundation  and  set  with  its  axis  at  elevation  of  45°»  The  upper  face  of  the  block  contains 
a cylindrical  bore,  125  mm  diam  and  85  mm  deep* arid  on  the  bottom  of  this  bore  ia  a smaller  bore  serving  as  a 
receptacle  for  10  g charge  of  expl  to  test.  A 15  kg  cylindrical  cast-iron  shot  123  mm  diam  and  125  mm  high, 
perforated  in  the  center  to  allow  the  passage  of  fuse,  is  insetted  in  the  bore  above  the  charge  of  expl  and 
the  fuse  is  Ignited.  Instead  of  a fuse  an  elec  detonator  with  wires  passing  through  the  perforation  in  the  shot 
can  be  used.  The  distance  that  the  shot  is  thrown  is  measured  and  compared  with  that  obtained  with  10  g of 
a std  expl  of  the  same  nature.  With  this  device  blasting  gelatine  gave  240  meters,  gelatine  dynamite  188  and 
Brit  permitted  expls  80  to  120  m(Ref  1) 

Same  method  as  in  France  has  been  used  in  Spain  and  the  device  is  called  mortero  probeta(Rei8  3 & 4). 
According  to  Ref  3,  ,the  test  with  morter  permits  calculation  the  travail  utile  de  /'  exp /o*i/(  useful  work  of  the 
explosive).  This  is  called  in  Ref  4 medida  del  potencial  o efecto  util  de  un  explosive 

Vennin  et  al(Ref  2)  do  not  recommend  this  test  for  brisant  expls.  (Compare  with  Ballistic  Mortar  and  with 
Ballistic  Pendulum  Tests).  Re/s:  l)Barnett(1919),181— 2 2)Vennin,  Burlot  & Lecorche(  1932),  189  3)Pepin 
Lehalleur(1935),66— 7 4)Vivas,  Feigenspan  & Ladreda,  Vol  4(1944),  116—17  5)Perez  Ara(l945),120 
Monro  e-Neumann  Effect  Test.  See  Shaped  Charge  Efficiency  Test 

Muzxle  Velocity  (Mundung  ages  chwindigkeit,  in  Ger)  or  Initial  Velocity  Determination  will  he  discussed  in  Vol  II 
under  Ballistics,  External 

Noil  Test(Essai  au  clou,  in  Fr)  (Nadel  Probe,  in  Ger)  (Prueba  de  la  puntilla,  in  Span).  A simple,  cheap,  and 
accurate  test  to  determine  the  relative  efficiency  of  detonators  and  one  suitable  for  use  in  the  field  is  called 
the  nail  test.  In  this  test  a wire  nail  is  fastened  to  the  side  of  a detonator  suspended  horizontally  in  the  air 
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age  of  five  teats  is  the  computed  result.  Four*inch  wire  finishing  nails  of  approximately  the  same  length, 
gage  and  weight  are  used  in  the  test.  Re/s:  1)US  Bur  Mines  Bull  59,  (19 13),  25  2)US  BurMinesBull  346, 

(1931), U3  3)»ettbacher(l933),354  4)Davis(l943),421  5)Perez  Ara(  1945),  123 
Normal  (or  Specific)  Volume.  See  under  Volume  of  Gases  Evolved  on  Detonation(or  Explosion) 

Optical  Method  for  Testing  Caps  consists  ia  photographing  the  flashes  produced  on  explosion.  (Compare  with 
Flame  Test).  Refs:  l)H.E.Brownadon,  JSCI  24,  381(1905)  2)W.D. Borland,  JSCI  25,  241(1906)  3)R«illy 

0938), 70 

Pendulum  Friction  Device  Test.  See  under  Friction  Sensitivity  Tests 

Percussive  Force  of  an  Explosive  can  be  defined  as  the  capacity  of  an  explosive  to  produce  compression  or 
disruption  when  it  explodes  under  atmospheric  confinement  only.  Percussive  force  is  manifest  only  in  HE*  s 

a«J  gam  k>  mMsnreiJ  kn  HfiCwS  a Aft  frtp  ftf  A ftlofft  AAWjNft  O fl  gfflflll  1 Ffl/j  block. 

The  compression  of  block  is  approx  proportional  to  propulsive  force(Ref  1).  According  to  Refs  2 & 3>  the 
"relative  percussive  force"  is  identical  with  "relative  brisance."  Refs:  1)US  BurMinesBull  346,(1931), 

106-7  2)Vennin,  Burlot  & L^corch6(  1932),  190  3)L.V. Clark,  IEC  25,  1389(1933) 

Permissibility  Tests  in  Galleries  are  described  in  Refs  listed  under  Galleries  For  Testing  Permissible 
Explosives.  The  US  BurMines  Tests  are  deacribed  in  Bull  346,  (1931)»49— 59  and  other  publications  of  the 
B of  M 

Plate  Denting  Tests,  although  not  actually  involving  shattering  by  expls,  are  used  as  measures  of  brisance. 

In  these  tests  the  effect  of  a cylinder  of  expl  when  detonated  in  contact  with  a steel  plate,  ia  detd  under 
such  conditions  that  the  more  powerful  expls  depress  and  dent  but  never  puncture  or  shatter  the  plate,  while 
less  powerful  expls  merely  dent  or  bend  it 

Plate  denting  tests  used  at  ERL,  Bruceton,  Pa  have  been  conducted  by  two  methods: 

Method  A.  A 20  g charge  of  expl  ia  cast  or  pressed  in  a copper  cylinder  of  ID  and  l/u  11  wall.  The  loaded 
tube  ia  placed  vertically  on  a 4"  square  piece  of  cold-rolled  steel  plate,  */£'  thick,  supported  by  a short 

tuhiug  placed  is  2 7 ertical  position*  The  chsfp?  is  boo s t— i fd  by  e 5 5 of 

tetryl  which  in  turn  ia  initiated  by  a No  8 detonator(Rcfs  1,3  & 4) 

Method  B.  A modification  of  Method  A involves  firing  a diam  by  5"  long  uncased  charge  of  expl  on  a 
lightly  greased  ij£!s  thick,  5”  square  cold-rolled  steel  plate,  with  one  or  more  of  similar  plates  used  as  back- 
ing. The  charge  ia  initiated  with  a No  8 detonator  and  two  l®/^1  diam,  30  g tetryl  pellets  as  boosters(Refs 
2 & 4) 
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The  depth  of  dent  in  both  test  methods  is  measured  within  0.001  to  0.002"  and  a measure  of  the  relative 
brisance  or  plate  denting  value,  X,  is  calculated  from  the  formula 
^ = Test  Sample  Dent  Depth  ^ ^ 

Dent  Depth  for  TNT 

Data  obtd  by  Method  A are  summarized  in  Refs  1,2,3  & 4and  data  obtd  by  Method  B are  given  in  Refs  2 & 4* 
Re/s:  1>0SRD  Rept  804<  1942), 29-31  2)OSRD  Rept  5746<l945>,20-2  3)TM  9-1910(1955),6l-2  4)PATR 

1740,  Rev  1(1958) 

Plate  Tests  include  Plate  Cutting  and  Plate  Denting  Tests(Plsttenproben  or  Durchschlags*  and  Strahlungs- 
Proben,  in  Ger)  and  use  brass,  copper,  iroo,  lead  and  steel  as  materials  for  plates.  The  tests  are  used  either 
for  detn  of  brisance  of  expla  or  for  detn  of  efficiency  of  detonators*  Essentially  the  tests  consist  of  detonat* 
ing  a test  item  in  the  center  of  a plate  supported  at  both  ends.  This  may  either  dent  the  plate  or  cut  it( punc- 
ture), and  these  damages  serve  as  criteria  of  brisance  or  efficiency.  When  testing  a detonator  on  a lead  plate 
the  strength  is  judged  not  only  from  the  size  of  dent  or  hole  made,  .but  even  more  from  the  number  and  depth 
of  the  striations  on  the  surface  of  the  lead  made  by  the  minute  particles  of  metal(  such  as  copper)  from  the 
capsule  of  detonator  (Ref  la)  (See  also  Refs  2a  & 6) 

The  Steel  Plate  Denting  Tests  used  in  the  US  are  described  above,  while  other  plate  tests  are  discussed 
in  the  following  references:  Refs:  l)Marshall  2,  (l917)»501(French  method  involving  detonation  of  a charge 

100  to  200  g of  expl  in  the  middle  of  a soft  steel  plate  500*500*25  mm  thick,  resting  on  two  supports  400  mm 
apart,  and  measuring  the  depth  of  dent  produced)  la)Marshall  2,  (l9l7),530(Testing  of  detonators  by  lead 
plate  test)  2)B.Grotta,  ChemMetEngrg  26,  1126-32(1922)  (The  lead  plate  test  as  applied  to  commercial 
detonators)  2a)H.Kast  & A.Haid,  SS  18,  166(1924)  3)L.V.Clark,  1EC  25,  1386-7(1933)  (Same  lead  plate 
test  as  in  Ref  2)  4)Stettbacher(  1933), 36 1( Brief  discussion  on  uses  of  iron,  brass  and  copper  plates) 

5)Vivas,  Feigenspan  & Ladreda  4,  (1944)  (Lead  plate  tests  called  by  them  in  Span  "Pruebae  sobre  las 
planchas  de  plomo*  ' ) 6)Pciez  Ara(l945),  121— 4(Lead  plate  test  called  by  him  in  Span,  1 ’Prueba  de  la 
placa  de  plomo,’  * described  in  detail)  7)Steitbacher(1948),  89(Plate  test  using  10  mm  thick  iron  plate) 
8)Stettbacher(1952),ll5  & 141  9Belgrano(1952),5l-2(Steel  plate  test,  called  in  Ital,  "Prova  della  piaatra 
di  acciaio'  ' ) 

Potent) al(Potenti el  or  Effet  utile,  in  Fr).  According  to  definition  given  in  Refs  1 & 2 it  is  equal  to  QX425  kg- 
m/kg,  where  Q is  heat  of  ezpln  in  Kcal/kg  and  425  is  mechanical  equivalent  of  heat.  This  unit  is  identical 
with  W which  is  the  maximum  quantity  of  work  that  can  possibly  be  done  by  a unit  weight  of  the  explosive 
A slightly  different  definition  is  given  by  Muraour(Ref  3):  the  potential  de  l'  explosif  is  equal  to  QX428, 
where  Q is  the  heat  evolved  on  decomposition  of  1 kg  of  explosive  and  428  is  the  mech  equiv  of  heat. 

Refs:  l)Marshall  2,  (1917),469  2)Pepin  Lehalleur(1935),43  & 64  3)H.Muraour,  "Poudres  et  Explosifs,” 

Paris(l947),76 

Power  of  Explosive  is  defined  by  Batnett(Ref  2)  as  "its  capacity  for  doing  useful  work.’ ' Power  may  also  be 
defined  as  energy  X time.  The  value  called  in  France  rendement  pratique  or  effet  utile  corresponds  approx  to 
"power.1  ’ The  Fr  value  can  be  calcd  as  has  been  done  in  France  either  as  poteniieJ(potential)  or  as  produit 
cbaracteristique  de  B er tb elot( characteristic  product  of  Berthelot) 

Power  is  usually  defined  in  terms  of  one  or  several  of  the  following  experimental  methods:  a )Ballistic 

Mortar  Tesi(qv)  b)  Ballistic  Pendulum  Test( qv)  c)Cralering  Effect  Test(qv)  d )Mortar  Test( qv) 
e)Quinan  Test(  qv)  l)Trauxl  or  Lead  Block  Expansion  Test(  qv),  and  its  modification  a CUP  and  Kraftzabl. 

Refs:  l)Mar shall  2,  (1917), 463  2)Barnett(l919),178  3)Vennin,  Burlot  & Leccrche<  1932),  166-89  * 192-3 
4)Marshall  3,  (1932), 143  5)OSRD  Repta  803  & 804(1942),  18-21  6)Vivas,  Feigenspan  * Ladreda  4,  (1944), 
111-15  7)Belgrano(l  952), 23-8 

Pres  sura- Bar  Apparatus  of  Hopklnson.  See  Hopkinson  Pressure- Bar  Apparatus 

Pressure  of  Gases  Developed  on  Combustion  of  Propellants  or  Explosives  can  be  detd  either  by  calcn  or  by 
combustion  in  a closed  vessel( combustion  en  vase  dos,  in  Fr),  as  described  by  H.Muraour,  "Poudres  et 
Explosifs,”  Paris(1947),73— 4 

Pressure  of  Gases  Developed  on  Explosion  or  Detonation  is  an  important  factor  because  it  serves  as  a 
measure  of  the  capacity  of  an  expl  to  do  work,  although  the  character  of  the  work  is  detd  by  the  rate  at  which 
this  pressure  is  built  up 

Pressure  of  gases  can  be  citber  calcd  or  approx  detd  experimentally  by  detonating  a sample  in  one  of  the 
following  devices:  Bichel  Bomb,  Krupp  Bomb,  Noble  and  Abel  Recording  Pressure  Gage,  Pctavel  Recording 
Manometer,  Piezoelectric  Gages,  etc.  (See  also  Bichel  Bomb  and  Detonation  Pressure).  Refs:  l)Marshall  2, 

<1917),444-7  2)US  BurMinesBoll  346,  (1931), 84  3)MarshaU  3,  (1932),133  4)Vennin,  Burlot  & Lecorche, 
(1932),50— 3 A 72-86  5)Stettbacher(  1933), 69  6)Vivas,  Feigenspan  & Ladreda  4,  (1944), 20-29,  85-6  8t  98-104 
Primary  Explosives,  Initiating  Efficiency.  See  under  Initiating  Efficiency  of  Primary  Explosives,  Blasting  Caps 
and  Detonators 

produit  Choracteriatique(Fr).  See' Characteristic  Product 

Propagation  of  Detonation,  See  Ability  to  propagate  Detonation,  in  thia  section 
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Propagation  Test.  Under  this  name  is  described  by  L.V.Clark,  IEC  25,668  & 1389(1933)  an  application  of  the 
gap  test( qv)  for  testing  the  efficiency  of  detonators 

Propulsive  Force.  According  to  L.V.Clark,  IEC  25,  1388(1933),  the  relative  propulsive  force  can  be  detd 
either  by  ballistic  pendulum  test  or  by  Trauzl  test,  the  usual  tests  for  detn  of  power  of  explosives 
Quickness(Vivacite,  in  Fr)  of  Burning  of  Propellants,  Determination  is  described  by  H.Muraour,  "Poudres  et 
Expiosifs, ' * Presses  Universitaires  de  France.  Paris(1947);90— 92:  as  well  as  in  his  other  papers  published 
in  MP  and  MAF 

Quin  an  Test  permits  determination  simultaneously  the  briaance  and  the  work  performed  on  detonation  of  an 
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Fr  "rint-wnrial  * * 


The  apparatus  consists  of  two  cylindrical  steel  blocks  placed  one  on  top  of  the  other  and  guided  vertically 
by  four  steel  rods  imbedded  in  the  base.  The  top  of  the  lower  block  is  provided  with  a central  cavity  to  hold 
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of  elec  wires  and  it  is  also  provided  with  a device(such  as  a ratchet)  permitting  the  block  to  be  held  in  any 
position,  but  not  interfering  with  its  movement  upwards.  A steel  plate  is  placed  on  top  of  the  base  and  a 
small  solid  lead  cyiindcr(crusher)  is  inserted  betw  the  plate  and  the  bottom  of  the  iower  steel  block.  After  in- 
serting the  charge  with  detonator,  the  upper  steel  block  is  lowered  on  top  of  the  lower  block  and  the  charge  is 
fired.  The  pressure  of  expin  will  push  the  lower  block  down  compressing  the  lead  cylinder  located  underneath 
and  will  lift  simultaneously  the  upper  block  to  some  position  in  which  it  will  be  held  by  the  ratchet.  The  dim- 
inution in  height  of  lead  cylinder  is  taken  as  a measure  of  brisaace  and  the  height  to  which  the  upper  block  is 
lifted  as  a measure  of  potential  or  work,  which  is  practically  the  same  as  power.  Refs : l)Vennin,  Burlot  & 

Le'corch e(  1932),  192—3  2)Pepin  Lehalleur(  1935), 63  3)Perex  Ara(  1945),  118 
Rate  of  Detonation  Tests.  See  Detonation  Rate  Tests 

Red  Iron  Test  is  one  of  the  US  BurMines  “Fire  Resistance  Tests.*  * See  under  Sensitivity  to  Flame.  Heat. 
Sparks,  Etc 

Relative  Percussive  Force  of  an  Explosive,  See  Percussive  Force  of  an  Explosive 
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Reprise  d’ humidite',  Essai{Fr).  See  under  Hygroecopicity  Tests 

Resistance  to  Heat  Test(Epreuve  de  la  resistance  a la  chaleur).  This  Fr  “Official*  ’ test  for  detn  of  stability 
of  NC  Or  uf  SOiukeleSu  prupeilaOta  IS  COOuUCIcu  in  a uicruiuStauCaliy  controlled.  Ovcfl,  Miype  d’Arsonvai  «'  * 

NC  is  tested  at  108.5°  and  propellants  at  108.5°  and  109°,  both  with  std  blue  litmus  paper.  The  test  is  con- 
ducted in  the  following  two  stages;  a )Test  to  the  First  Red(Epreuve  du  premier  roug^-  Place  in  each  of  five 
clean  test  tubes,  near  the  bottom,  a roiied  strip  of  blue  iitmus  paper,  followed  by  a 10  g sample  or  propeiiant 
in  small  grains.  Stopper  the  tubes  and  place  them  in  the  oven.  Note  the  time  of  beginning  change  of  color  of 
paper  Cored.  Cool  the  sample  and  save  it  until  next  day.  b)Tesf  for  Total  Resistance(Epie\i\e  a la  resist- 
ance totalisee),  Replace  the  blue  litmus  paper  with  a new  strip  and  continue  heating  in  the  oven  until  the 
change  in  color  to  red.  Record  the  time  and  leave  the  sample  at  RT  for  at  least  2 hrs(preferrably  overnight). 
Change  the  paper  and  heat  the  sample  as  above,  etc.  During  these  tests,  one  will  observe  that  the  intervals 
betw  beginning  of  heating  and  appearance  of  red  color  become  shorter  and  shorter.  As  soon  as  this  becomes 
one  hour  or  less,  scop  the  test  and  discard  the  sample.  Count  the  total  time  of  heating  requited  to  arrive  at 
this  point  and  this  gives  RT.  Do  not  count  the  time  between  heatings.  Ref-  Book  of  Instructions  issued  by 
the  Commission  des  Substances  Explosives,’*  Chapitre  III,  Articles  95— 107  and  Chapitre  IV,  Articles  230—1. 
This  book  may  be  obtained  from  the  Etat  Major  de  I*  Armee,  2eme  Bureau,  Paris 
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Rotter  Impact  Test.  See  FI(Figure  of  Insensitiveness)  and  also  under  Impact  Teats 

Sand  Test  or  Sand  Crushing  Test  (Sand  probe,  in  Ger)  (Essai  au  sable,  in  Fr)  (Prueba  de  la  arena,  in  Span). 


sidered  to  measure  the  shattering( disruptive)  power  of  an  expl,  called  brisance.*  This  characteristic  ia  imr 
portant  because  it  determines  the  effectiveness  with  which  an  expl  can  fragment  a shell,  bomb  casing,  gren- 
ade or  warhead  of  a rocket 


The  sand  test  consists  essentially  in  detg  the  amt  of  standard  sand( supplied  by  the  Ottawa  Silica  Co, 
Ottawa,  111),  crushed  by  a std  wt(usually  0.400  g)  of  expl.  The  original  sand  passes  through  No  20-mesh 
sieve(US  Std)  and  contains  no  particles  smaller  than  No  30-mesh.  The  test  is  conducted  in  a cylindrical 
steel  bomb,  3%"  in  diam,  8%"  with  cylindrical  cavity  1 V"  diam  and  6"  deep.  Procedure:  Transfer  an  ac- 
curately weighed  0,400  g portion  of  test  expl,  of  such  granulation  as  to  pass  through  a No  100  sieve,  to  each 
of  five  empty  No  6 commercial  blasting  cap  shells(of  Cu,  A1  or  gilding  metal)  held  during  transfer  in  loading 
block.  Insert  in  each  shell  a reinforcing  cap  provided  with  a small  hole  in  the  center  and  by  means  of  a 
plunger  subject  the  chsrge(previoi!sly  placing  it  behind  a barricade)  to  a pressure  of  3000  pai  for  3 mins. 
With  a pin,  prick  the  powder  train  in  one  end  of  a piece  of  miner’ s black  powder  fuse  8— 911  I°nl  ®nd  crimp 
to  the  pricked  end  one  of  the  above  loaded  No  6 caps,  taking  care  that  the  fuse  is  held  firmly  against  the 


According  to  W.R.Tomlinson,  Jr,  formerly  of  PicAran,  sand  test  det  “energy*  * rather  than  brisance 
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SAND  TEST 
(BOMB) 


rioi  i 


charge  in  the  cap.  Pour  into  the  bomb 
80.0  ±0.1  g of  std  sand  and  level  it  by 
striking  the  kesib  witH  - 
the  cap  into  the  bomb  so  that  the  cap  is 
centered  at  the  axis  of  the  bomb  and 
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detonator 


120  Gr  STO 
OTTAWA  SAND 
20-30  MESH 


60  Gr  5IU 
OTTAWA  SAND 
20-30  MESH 


just  coucnes  tne  saoo.  rout  uu^U.i  g 
of  sand  being  careful  not  to  disturb  the 
position  of  the  cap.  Pass  the  upper  end 
of  the  fuse  through  a tightly  fitting  rub- 
ber tubing  which  is  then  inserted  in  the 
hole  of  the  bomb  cover.  Lower  the  cover 
into  position  and  fasten  it  securely  by 
means  of  two  bolts  with  nuts.  Ignite  the 
fuse  and  after  expln  of  chge,  remove  the 
cover.  Transfer  the  contents  of  the  bomb 
to  a piece  of  glazed  paper,  cleaning  the 
bomb  and  cover  thoroughly.  After  remov- 
ing pieces  of  cap  and  burnt  fuse,  trans- 
fer the  sand  to  a No  30  sieve  fitted  with 

& bC£tOHl  pan  an  j a COVCf  aod  sfcjJtC  aO£ 

3 mins  on  a mechanical  shaker.  Weigh 
to  0.1  g the  sand  which  passed  through 
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five  values.  This  wt  is  the  sand  test 
value  or  brisance  value 

If  the  expl  chge  cannot  be  initiated  by  fiame,  it  is  pressed  without  insertion  of  the  reinforcing  cap.  Then  a 
0.300  g chge  of  LA  is  placed  on  top  of  the  expl,  followed  by  the  reinforcing  cap  and  another  compression  at 
3000  psi.  Then  the  fuse  is  inserted  and  the  chge  Initiated  as  above.  After  detg  the  amt  of  sand  crushed  by 
these  caps,  subtract  the  wt  of  sand  crushed  by  0.300  g LA,  when  loaded  alone  in  No  6 caps 

A modification  of  this  test  applicable  to  liquid  expls  is  described  in  Ref  9>  PP  9 & 11*  The  sand  test  may 
also  be  applied  to  detg  the  amt  of  LA  and/or  tetryl,  that  must  be  used  as  initiator  or  booster  to  insure  that 
the  sample  crushes  the  max  net  wt  of  sand.  This  is  designated  as  sensitivity  to  initiation  test.  (See  also  Ini- 
tiating Efficiency  of  Primary  Explosives  by  Sand  Test.)  Re/s:  1)US  BurMinesTechPaper  125(1916) 

2)US  EurMines  R!  2558(1923)  2a)H.Kast  Si  A.Haid,  SS  18,  166(1924)  3)US  BuiMinee  RI  3039(1930) 

4)US  BurMinesBull  346,  (1931),  109-13  5)L.V.Clark,  IEC  25,  664  & 1387(1933)  6)OSRD  Repts  803  & 804 
(1942), 24-7  7)Davis(  19435,422-3  8)Pe'rez  Ara(  1945),  124  9)PATR  1401, Rev  1(1950), 7-12  9)TM  9-1910 
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Sand  Test  for  Detonators.  See  Initiating  Efficiency  of  Detonators  by  Miniature  Cartridge  Test  and  also  under 
Initiating  Efficiency  of  Primary  Explosives  by  Sand  Test 

Sensitivity  to  Detonation  by  initiating  Agents.  See  Sensitivity  to  initiation  by  Detonators  and  Boosters 
SENSiTIVITY(Sensitiveness)  of  Explosives,  Propellants  and  Pyrotechnic  Compositions  Tests  may  include  the 
following:  a)Sensitivity  to  Detonation  by  Initiating  Agents.  See  Sensitivity  to  Initiation  by  Detonators  and 

Boosters  Tests  described  below  h)Sensitivity  to  Explosion  from  Glancing  Blow.  See  under  Friction  Sensi- 
tivity, Qualitative  Tests,  in  this  section  c )Sensitivity  of  Explosives  to  Glancing  Blow  Test.  Same  as  Item  b 
<L)Sensitivity  to  Flame,  Heat,  Sparks,  Electrostatic  Discharge s,  etc.  See  below  e)Sensitivity  to  Friction . See 
Friction  Sensitivity  Tests  i)Sensitivity  to  Frictional  Impact.  See  under  Friction  Sensitivity  Tests  g)Sensz- 
tivity  to  Heat.  See  under  Sensitivity  to  Flame,  Heat,  etc  h)Sensztzt/zty  to  Impact.  See  Impact  Sensitivity  Tests 
i )Sensitivity  to  Inflammation^Sen&ihilite  a 1*  inflammation,  in  Fr).  See  Combustion  Tests  \)Sensitii/ity  to  /nz‘- 
tiation  by  Detonators  and  Boosters  Tests . See  below  ii)Sensi  tivity  to  Initiation  by  Electrostatic  Discharge. 

See  under  Sensitivity  to  Flame,  Heat,  Sparks,  Electrostatic  Discharges,  etc  l)5ensztzz/zty  to  Initiation  by 
SvS  uiad^r  SvCsitivity  to  Spsrks^  otc  io  itiiiiaii ©?!  Ooto* 

nation  by  Influence  Test  u)Sensitivity  to  Rifle  Bullet  Impact.  See  Bullet  Impact  Sensitiveness  Test 
o)Sensitivity  to  Shock.  See  Impact  Sensitivity  Test  p)Sensitivity  to  Sparks.  See  under  Sensitivity  to  Flame, 


fluencc  Tests 


SENSITIVITY  TO  FLAME,  HEAT,  SPARKS,  ELECTROSTATIC  DISCHARGES,  ETC.  These  tests  may  be  found 
listed  in  the  literature  under  cities  Burning  Tests,  Combustion,  Fire  Resistance  Tests,  Fire  Tests,  Index  of 
Inflammability  Test,  Inflammability  Tests  and  other  names 

US  Bur  of  Mines(Ref  3)  describes  the  following  tests,  under  general  title  Fire  Resistance  Tests: 
ajFtzse  Test.  Insert  an  8"  iong  piece  of  squarely  cut  burning  fuse  into  a test  tube  /t " x 7"  (damped  on  a stand) 
with  spit  end  against  3 g of  the  expl.  Ignite  the  projecting  end  of  the  fuse  and  observe  the  behavior  of  the 
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expl  behind  a safety  glass  ^Hemispherical  Iron-Dish  Test,  After  heating  an  iron  dish  of  hemispherical  form; 

4”  in  diam  with  a bottom  0.033  ±0.007"  thick,  to  a red  heat,  drop(by  means  of  a mechanical  charging  device 
operated  behind  a safety  glass)  on  the  bottom  of  the  dish  a charge  of  expl,  not  more  than  0.5  g.  If  the  1st 
chge  does  not  detonate,  increase  the  quantity  by  % g increments  up  to  5 g-  The  point  of  "no  explosion'  * is 
detd  by  trials  in  which  no  explo  occurs  with  '*a  point  of  expln’  * occurring  for  a sample  0.5  g higher  in  weight 
c)Red  Hot  Iron  Test.  Heat  to  cherry«red(ca  900°)  an  iron  bar  15  mm  in  diam  over  10  cm  of  its  length  and  bring 
it  in  contact  with  a small  quantity  expl  placed  on  an  asbestos  board,  if  the  expl  burns  without  detonation,  re- 
peat the  test  using  ca  100  g charge  placed  on  an  asbestos  board.  A permissible  expl  is  considered  to  pass 
the  test  when  it  burns  without  deton  and  extinguishes  itself  when  the  source  of  heat  is  withdrawn.  The  iron 
bar  should  be  brought  in  contact  with  the  expl  by  a mechanical  device  while  the  operator  is  ptotected  by  a 
safety  glass(Ref  3) 

Similar  tests  are  listed  by  Barnett(Ref  2)  as  Fire  Tests 

Marshall(Ref  1,  p 435  describes  under  the  Title  Sensitiveness  to  Heat  the  following  tests  originated  by 
H.Kast:  &)Bebavior  at  Temperatures  Near  the  Ignition  Point  and  h)Behavior  Towards  Direct  Heating.  Simi- 

lar tests  are  described  by  ReillyfRef  4)  as  Inflammability  Tests,  Medard(Ref  6)  described  the  French  Offi- 
cial tests.  These  tests  are  listed  in  this  section  under  Combustion  Tests.  TM  9— 1910(Ref  7)  discusses  the 
Sensitivity  to  Heat  and  Spark,  and  the  Sensitivity  to  Initiation  by  Electrostatic  Discharge  is  discussed  in 
Refs  5 & 8.  Refs:  l)Marshall  2,  435  2)Bamett(1919),216  3>US  BurMinesBull  346,  (1931), 3 1-2  4)Reilly 

(1938), 66  5)F.W, Brown  et  al,  "Sensitivity  of  Explosives  to  Initiation  by  Electrostatic  Discharges,"  us  BM  RI 

3852(1946)  6)L.M*dard,  MP  33,  329-30(1951)  7)TM  9-1910(1955), 49-50  8)PATR  1740,  Rev  1(1958) 
Sensitivity  to  Initiation  by  Primary(or  Initiating)  Explosives,  Detonators  and  Boosters,  Tests('5ensinVz{y  to 
Detonation  by  Initialing  Agents ) (Seusibilite'  a 1*  amorce  Essais,  in  Fr)  [Ziind“(Initiier}*Verm£>gen  Proben,  in 
Get]  (Eficiencia  como  agente  iniciador,  Pruebas,  in  Span)  (Sensibilita  all'  innescamento,  Saggi,  in  Ital). 
Sensitivity  to  initiation  of  a HE  can  be  expressed  as  the  min  weight  of  an  initiating  explosive  required  for 
complete  detonation.  It  can  also  be  expressed  in  the  smallest  No  of  a detonator  required  for  complete  deto- 
nation. If  initiation  of  a HE  cannot  be  achieved  by  a detonator  alone  and  a booster  is  required,  the  min  wt 
of  booster  expl  and  its  name  must  be  indicated 

The  tests  are  essentially  the  same  as  listed  under  Initiating  Efficiency  of  Initiating  Explosives,  etc 

In  the  US  the  sensitivity  to  initiation  is  conducted  by  the  sand  test  using  diminishing  wts  of  an  initiator, 
such  as  LAflead  azide),  until  there  is  obtained  the  min  amt  which  will  cause  complete  detonation  of  0.40  g 
of  powdered  HE' s when  pressed  in  a blasting  cap  shell  under  a pressure  of  3000  psi.  When  a HE(such  as 
ammonium  picrate)  cannot  be  detonated  by  LA(or  by  other  initiating  expls)  alone,  the  test  is  repeated  by 
detonating  0.400  g of  HE  with  a composite  detonator  consisting  of  0.200  g LA  and  tetryl  as  a base  charge. 

By  repeating  the  tests  with  diminishing  wts  of  tetryl,  the  min  wt  required  to  detonate  the  HE  is  detd(Refs  1 

& 3)  _ _ . 

In  the  Fr  test,  called  " sensibilite  a T amorce,'  ‘ described  in  detail  by  M&dard  (Ref  2)  a 50  g sample  of 
test  HE  contained  in  a Kraft  paper  cartridge,  30  mm  diam  and  provided  at  one  end  with  a mercury  fulminate 
detonator  and  picric  acid  booster  is  laid  horizontally  on  a lead  plate  12  X 15  cm  and  15  mm  thick,  resting  on 
a steel  plate  at  least  1 cm  thick.  After  firing  the  cartridge,  the  appearance  of  the  lead  plate  is  observed.  If 
the  detonation  is  complete,  the  impression  in  the  part  of  the  plate  farthest  from  the  detonator  would  be  some- 
what deeper.  In  this  case  it  is  required  to  repeat  the  test  using  either  a smaller  detonator  or  a smaller 
booster,  if  the  detonator  is  too  small  to  achieve  complete  detonation,  a larger  size  should  be  tried  until  deto- 
nation is  complete.  Refs:  1)PATR  1401,  Rev  1(1950,7-11  2)L.Me'dard,  MP  33,  339-42(1951)  3>TM 

9— 1910(1955),52— 3 (See  also  Refs  under  Initiating  Efficiency  of  Initiating  Explosives,  etc) 

Setting  Point  Determination  is  described  under  Sodium  Azide,  Plant  Analytical  Procedures,  p A613 
Shaped  Charge  or  Hollow  Charge  Efficiency  (Cavity  Charge  Performance  of  Munroe-Neumann  Effect).  This 
term  is  applied  to  explosive  charges  with  lined  or  unlined  cavities  formed  in  the  charge  opposite  to  the  end 
of  initiation.  The  lined  or  unlined  hollow  charge  effect  is  sometimes  referred  to  as  simply  cavity  effect.  A 
flat  end  explosive  of  high  brisance  produces  a dent  in  a hard  steel  plate;  the  same  explosive  using  the  un- 
lined cavity  effect  of  Munroe-Neumann,  erodes  the  target  forming  a smooth  shallow  crater;  and  a lined  cavity 
in  the  same  explosive  and  charge  size  produces  a deep,  narrow  V-shaped  hole  in  the  steel  plate.  The  appli- 
cation of  this  phenomenon  represents  one  of  the  major  advances  in  the  use  of  explosives  during  WWII 

The  penetration  action  of  a shaped  charge  is  dependent  upon  a number  of  factors,  such  as  a)the  explo- 
sive used,  b)type  of  liner  materiel  and  its  thickness,  c)cone  angle  and  other  shape  of  cavity  and  d)sfand- 
off  distance  or  distance  between  the  base  of  cavity  and  target.  These  factors  must  be  d etc  mined  experi- 
mentally for  each  explosive  and  for  each  type  of  shaped  charge  design 

This  test  is  conducted  by  placing  the  assembly  vertically,  st  a known  stand-off  distance,  above  several 
layers  of  0.5  inch  thick  armor-plate  steel  and  detonating  the  charge.  After  detonation, the  depth  of  hole,  its 
average  diameter  at  the  top,  and  its  volume  are  determined.  Refs:  1)TM  9— 1910(1955)|78— 85  2)PATR 

1740,  Rev  1(1958)  3)Cook<1958),226-64 
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Shell  Impact  Sensitivity  TestSee  Armor  piece  Impact  Test,  in  this  section 

Silvered  Vessel  Test  or  Waltham  Abbey  Silvered  Vessel  Test(Silbergef&ssprobe,  in  Ger),  designed  for  testing 
cordite,  but  suitable  for  testing  other  propellants  and  NC,  is  conducted  as  follows;  A 50  g sample  of  cordite, 
cut  into  pieces  l/t " long,  is  placed  into  a vacuum-jacketed  round-bottom  flask(  "silvered  vessel*  *),  provided 
with  a piece  of  cubing  fused  at  the  lower  part  of  the  neck  and  sealed  at  the  other  end#  This  tube  serves  as  a 
means  for  observing  color  of  gases  evolved  during  beating  of  cordite.  After  closing  the  flask  with  a perfor- 
ated cork  and  inserting  a precision  thermometer  in  the  middle  of  the  sample,  the  flask  is  placed  in  a thermo- 
statically controlled  air-bath  at  80  + 0.1°.  Reading  of  thermometer  and  the  color  of  gases  in  the  lateral  tube 
are  observed  at  tegular  intervals  and  the  time  of  appearance  of  red  fumes  is  recorded.  A few  hours  after  this, 
the  temp  of  cordite  begins  to  rise  and  as  soon  as  the  rise  reaches  2°,  the  test  is  considered  completed.  A 
good  "service”  cordite  will  stand  this  test  for  500—600  hrs.  Refs:  l)F.L.Nathan,  JSCI  28,  443—4(1909) 

2 Marshall  2,  (19 17), 66 3-4  3)Reiily(1938),8l  4)Kast-Metz(1944),318 

Smalt  Lead  Block  Compression  Test  will  be  discussed  under  Compression  Tests  in  Vol  II 

Small  Lead  Block  Compression  Test  for  Detonators.  See  under  Esop*  s Test 

Smalt  Load  Block  Expansion  Tost  for  Detonators.  See  under  Trauzl  Test 

Sound  Test  for  Detonators(Prueba  acuscica  para  deconadores,  in  Span).  Martin(Ref  l)  proposed  to  compare 
the  brisancc  of  detonators  by  observing  the  action  of  their  sound  wave  on  sensitive  or  vibrating  flames. 

Other  proposals  have  been  made  to  measure  the  intensity  of  the  sound  by  means  of  a microphone  and  sensi- 
tive galvanometer.  In  the  opinion  of  Marshall  (Ref  2)  and  of  Perez  Ara(Ref  3),  the  weak  point  in  these 
methods  is  that  there  is  no  necessary  connection  betw  the  intensity  of  sound  and  the  efficiency  of  the  deto- 
nator. Refs r 1 )F. Martin,  ChemZtg  37,  90(1913)  2)Marshall  2,  (1917),532  3)P<^ez  Ara(  1948),  124 
Specific  or  Normal  Volume.  See  under  Volume  of  Gases  Evolved  on  Detonation(or  Explosion) 

Stability(Thermal)  of  Explosives  and  Propellants.  See  under  Heat  Tests 
Steel  Plate  Denting  Test  or  Steel  Test.  See  Plate  Denting  Tests  and  under  Plate  Tests 
Strength  of  Detonators,  Determination.  Same  as  Initiating  Efficiency  of  Detonators,  Tests 
Strength  of  Dynamites.  According  to  Davis(  I943)*338— 9,  the  strengthfexpfostt'e  force ) of  a straight  nitro- 
glycerin dynamite  is  expressed  by  the  percent  of  NG  which  it  contains.  Thus  "40%  straight  NG  dynamite'  ' 
contains  40%  NG  but  "40%  ammonia  dynamite,’  * "40%  gelatin  dynamite,’  ’ etc,  whatever  their  compn  may  be, 
are  supposed  to  have  the  same  strength  or  explosive  force  as  40%  straight  dynamite.  Strength  of  dynamites 
can  be  detd  by  Trauzl  Test(qv) 

Strength  of  Explosives,  Test.  According  to  Marshall  2,  (1917), 469  "Trauzl’ s lead  block  test  affords  a ready 
means  of  ascertaining  the  approximate  relative  strength  of  explosives.”  As  power  of  explosives  is  also 
detd  by  the  same  test,  it  seems  chat  there  is  no  difference  between  strength  and  power 

65.5°  and  80°  Surveillance  Tests  are  standard  US  stability  tests  for  propellants.  Transfer  a 45  g sample  to  a 
dry  8 oz  flint-glass  bottle  provided  with  an  air-tight  ground-glass  stopper.  Place  the  bottle  in  an  oven  or  a 
special  chamber(such  as  is  represented  by  Fig  81,  p 244,  Ref  2)  maintained  at  65.5  ± 1°.  After  heating  for 
24  hrs,  reseat  the  stopper  and  continue  heating.  Observe  the  bottle  every  24  hrs  and  note  the  number  of  days 
required  to  cause  the  evolution  of  red  fumes(oxides  of  nitrogen).  Test  values  of  20  days  or  less  indicate  a 
condition  of  hazardous  instability  calling  for  immediate  disposal  of  the  sample.  Values  of  90  days  or  less 
indicate  insufficient  stability 

The  test  can  be  conducted  at  80°  when  anticipatory  data  are  required  quicker  than  by  the  65.5°  test 
Re/s:  I)PATR  1401,  Rev  1(1950),  15-16  2)TM  9-1910(1955),243-4 

78°  Surveillance  Test,  described  by  D.R.Wiggam  & E.S. Goodyear,  IEC,  AnalEd  4,  73(1932),  is  similar  to  the 
above  tests,  except  the  temperature  of  heating  is  different 
Sympathetic  Detonation  Test.  See  Detonation  by  Influence  Test 

Taliani  Test  for  detg  the  thermal  stability  of  NG,  NC,  and  NG  propellants  was  first  described  in  1921(Ref  1). 
The  app  consists  of  a glass  tube,  in  which  1.3  g of  sample  is  placed,  closed  with  a ground-glass  top  and  con- 
nected with  a paraffin  trap,  the  top  of  which  is  connected  to  a Hg  manometer.  The  entire  app,  except  the  man- 
ometer, is  heated  in  a specially  constructed  oven  at  120°  for  NG  or  NG  contg  propellants,  and  at  135  for  NC. 
After  30  min  of  heating  the  sample,  the  stopcocks  on  the  sample  tube  and  on  the  manometer  are  closed  to  keep 
the  sample  in  contact  with  its  decompn  products.  The  pressure  developed  is  measured  at  suitable  intervals 
and  the  index  of  stability  adopted  is  the  time  in  minutes  necessary  to  attain  a press  of  100  or  300  mm  Hg 

As  first  described  the  Taliani  test  was  considered  a good  quantitative  test  of  thermal  stability  but  it  was 
tedious  and  time  consuming.  Numerous  investigators  have  subsequently  modified  the  initial  procedure.  Goujon 
(Ref  2)  heated  NC,  previously  dried  at  100°  for  2 hrs,  in  a const  vol  at  135°  in  the  presence  of  its  decompn 
products  and  noted  die  time  necessary  to  develop  a press  of  100  mm  Hg.  This  time  characterized  the  stability 
of  the  sample  and  the  test  was  completed  in  2 hrs.  Wiggam  & Goodyear(Ref  3)  made  modifications  in  the  Tali- 
ani app  and  conducted  the  test  on  double-base  powders  st  120°.  Haid  et  al(Ref  4)  studied  the  time- press  rela- 
tionships of  NC  and  HE’s  at  75°.  Tonegutti(Ref  5)  conducted  this  test  at  120,  125  & 130°  on  NC,  NG,  NGu 
and  other  expls.  Berl  et  al(Ref  6)  used  the  "glass-feather’  ’ manometer, at  135°  or  higher 
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For  research  purposes  a small  scale  micro-Taliani  app  has  been  con- 
structed and  applied  to  the  study  of  HE’  s(Refs  8,  9 & 10).  A descrip- 
tion of  this  app  and  the  procedure  for  its  use  'will  be  prepd  in  a PA  rept 
of  std  lab  procedure.  Refs:  1)M.  Taliani,  Gazz  51  1,184—93(1921)  Si 

CA  16,342(1922)  2)J. Goujon,  MAF  8,  837-902(1929);  SS  26,  217,  261, 
289.  330,  361  & 400(1931)  & CA  26,  1444(1932)  3)D.R.Wiggam  & E.S. 
Goodyear,  IEC,AnalEd  4,  73(1932)  & CA  26,  1444(1932)  4)A.Haid  et 
al,  SS  30,  66-8  & 105-8(1935)  & CA  29,  4585(1935)  5)M.Tonegutti, 
Indus triaChimica  9,  1334-42(1934)  & CA  29,  6061(1935);  Chim  e Ind 
17,  517-21(1935)  & CA  30,  1562(1936);  and  SS  33,  185-6(1936)  & CA 
32,  8145(1938)  6)E.Berl  et  al,  !EC,AnalEd  10,  220(1938)  & CA  32, 
4338(1938)  7)ReiUy(1938),88  8)NOL  MemoRept  10288(1950)  (Conf) 
9)NAVORD  Rept  2782(1953)  (Conf)  10)PA  MemoRept  MR-55(1954) 
(Conf) 


Temperature  Developed  on  Detonatlon(or  Explosion)  can  be  detd  experimentally  with  a fair  degree  of  accuracy 
by  optical  methods  and  can  also  be  estimated  by  calcn  as  discussed  in  the  following;  Refs : l)E,Sarrau, 

"Theorie  des  Explosifa,”  Gauthier-Villars,  Paris(1895),16— 17  2)Marshall  2,  (1917), 453  & 459—60 
3)Barnett(1919),200  4)Venoio,  Burlot  & Lecorche(1932),36— 50  5)Steubacb«(  1933), 85  6)H.Muraour; 
"Poudres  et  Explosifa, ’ ’ Paris(  1947), 71-3  7)Stettbachei(1948),14  8)Stettbacher(l952),17 
Testing  Galleries.  See  Galleries  for  Testing  Permissible  Explosives 
Thermal  Stability  Tests.  See  Heat  Tests 

Time  of  lgnition(or  Explosion)  Test.  See  Ignition(or  Explosion)  Test 

Tronsmission  of  Detonation  Through  Air.  See  Detonation  by  Influence(Sympatbetic  Detonation) 

Transmission  of  Detonation  Through  Explosive  Charge( Extent  of  propagation  of  Explosion).  See  Ability  to 
Propagate  Detonation,  in  this  section  / 

Trouzt  Test;  Trauzl  Lead  Bloch  Test  or  Lead  Block  Expansion  Test(Cavite  au  bloc  de  Trauzl  or  Epreuve  au 
bloc  de  plomb  de  Trauzl,  in  Ft)  (Trauzlsche  Probe  or  Bleiblockausbachung  Methode,  in  Ger)  (Prueba  Trauzl 
or  Prueba  del  bloque  de  plomo,  in  Span  ) (Metodo  del  Trauzl  or  Metodo  del  blocco  di  piombo,  in  Ital).  Accord- 
ing to  Ref  5,  this  test  measures  the  "comparative  disruptive  power*'  of  an  expl  through  enlargement  of  a 
cavity  in  a cylindrical  lead  block  under  carefully  standardized  conditions.  Std  conditions  for  conducting  this 
test  were  defined  by  a Comm  of  the  Fifth  International  Congress  of  Applied  Chemistry  (Ref  1).  Although  one  of 
the  oldest  tests  known  for  detg  power,  it  is  still  widely  used  today  but  more  common  in  Europe  than  in  the  USA 
Procedure . A sample  of  the  test  expl(approx  10  g)  is  detonated  in  a cavity  or  borehole,  25  mm  in  diam  and 
125  nun  deep,  in  a std  lead  block  200  mm  in  diam  and  200  mm  in  height.  The  borehole  is  made  centrally  in  the 
upper  face  of  each  block,  previously  cast  in  a mold  from  desilvered  lead  of  the  best  quality.  An  electric  blast- 
ing cap  is  placed  centrally  in  the  chge.  After  the  chge  and  detonator  are  placed  in  the  borehole,  40  cc  of 
Ottawa  sand  are  added  and  tamped  lightly.  An  addnl  10  cc  of  sand  ate  added  and  tamped  more  thoroughly.  The 
volume  of  the  hole  made  due  to  the  press  exerted  by  the  exploding  chge  is  then  detd;  and  the  di sten si on( expan- 
sion) is  calcd  by  subtracting  from  this  value,  the  vol  of  the  borehole  before  the  chge  is  detonated.  Three  such 
tests  are  made  and  the  results  averaged.  Expansions  for  equivalent  wts  of  expls  are  calcd,  and  the  test  value 
is  expressed  in  % of  the  expansion  of  an  equivalent  wt  of  TNT 

The  Trauzl  test  in  France  is  somewhat  different  in  procedure  although  dimensions  of  the  lead  block  ate  the 
same(See  Coefficient  d*  utilisation  practique.in  this  section) 

Initiating  efficiency  strength)  of  primary  expls  can  be  approx  detd  by  firing  a small  chge(such  as  1.0  g)  in 
the  cavity  of  a small  lead  block , such  as  100  mm  in  height  and  100  mm  in  diam.  For  testing  detonators  in  such 
block,  a hole  is  bored  in  the  block  of  the  exact  diam  of  the  detonator  and  of  such  a depth  that  the  top  of  the 
detonator  is  flush  with  the  top  of  the  biock(Ref  5,  p 106  6c  Ref  5a,  p 666) 
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Re/s:  l)FifthlntCongAppldChemVol  2 (1903)»256  2)M.Neumann,  ZAngChem  24,  2234(1911)  3 Marshall  2 

(1917), 469-72  4)Baroetl(  19 19),  179-81  5)US  BurMinesBull  346  5a)L.V.CIark,  1EC  25,  666(1933) 
6)Stettbacher(1933),36 1—5  6a)Pepin  Lehalleur(1935),64-6  7)0SRD  803  and  804(1942),  18-21  8)Davis 
(1943), 24— 5 8a)Vivas,  Feigenspan  & Ladreda  4,  (1944), 111— 14  8b)Perez  Ara(1945),H3— 17  8c)Belgtano 
(195 2), 23— 8 9)TM  9-l9l0(1955),70-l  10)PATR  1740,  Rev  1(1958) 


VACUUM  STABILITY 
APPARATUS 


Vacuum  Stability  Test  vm  designed  by  Faraer(Ref  1)  for  detn  of  stability  of  explosives  and  propellants.  In 
this  test  the  thermal  decompn  of  a sample  is  followed  by  observing  the  rise  in  pressure  of  the  gases  given 
off  in  vacuum.  The  test  can  be  conducted  at  temps  ranging  from  80°  to  l80°(Ref  1),  but  in  the  US,  the  temps 
are  90°  for  propellants  and  100°  or  120°  for  HE 

Procedure:  Transfer  5 g of  thoroughly  dried  propellant  or  HE(use 
1 g in  case  of  initiating  ezpls)  to  a glass  heating  tube(A)  so 
designed  that  the  ground  neck(B)  can  be  sealed  with  mercury  after 
a calibrated  capillary  tube(C)  with  a ground  stopper  end  has  been 
connected.  Place  in  the  cup(D),  attached  to  the  lower  end  of 
capillary,  ca  7 ml  Hg  and  insert  a rubber  stopper  with  a tube  con* 
nected  to  a vacuum  pump.  Tilt  the  app  forward  to  free  of  Hg  the 
capillary  opening  of  the  cup  (D)  and  evacuate  the  apparatus  until 
the  press  is  reduced  to  ca  5 mm.  This  will  force  the  Hg  to  rise  in 

(C) ,  nearly  to  the  top.  Disconnect  the  pump,  add  ca  1 ml  of  Hg  to 

(D)  and  measure  the  total  vertical  height  of  the  column  in  (C). 
Measure  and  subtract  the  vertical  height  of  the  column  of  Hg  in 
(D).  Note  the  RT  and  atm  press.  Insert  the  tube(A)  in  a bath  main- 
tained at  desired  temp  ±0.5°  and  heat  for  40  hrs  unless  an  exces- 
sive amt  of  gas(ll+ml)  will  be  evolved  in  less  time.  Remove  the 
app,  cool  RT  and  observe  the  atm  press.  Measure  the  total  verti- 
cal height  of  the  column  of  Hg  in  the  capillary(C)  and  subtract 
the  vertical  height  of  the  column  in  the  cup(D).  Calculate  the  vol 
of  liberated  gas  from  the  difference  betw  the  initial  and  final  lev- 
els, as  well  as  the  vol  of  the  capillary  per  unit  of  length,  the  vol 

of  tube(A),  and  the  atm  press  and  temp  conditions  at  the  beginning  and  end  of  the  test.  The  formula  for  this 
calcn  is  given  in  Ref  3,  p 14.  Refs:  1)R.C.  Farmer,  JCS  1 17,  1434—40(1920)  2)Reilly(1938),92  3)PATR 

1401,  Rev  1(1950), 12  & 14-15  4)TM  9-1910(1955), 56-7 

Vapor  Pressure  of  Explosives  and  Related  Substances  gives  an  idea  as  to  their  volatility  and  in  some  cases 
to  their  stability.  Methods  for  measuring  vapor  pressure  may  be  divided  into  static  and  dynamic.  Their  de- 
scription can  be  found  in  the  following  : Refs:  1)J. Reilly  & W.N.Rae,  "Physico-Chemical  Methods'*, 

VanNostrand,NY,  v 1(1944), 117  2)J. Strong,  "Procedures  in  Experimental  Physics,"  Prentice- Hall, NY 

(1945), Chap  3 3)A.Weissberger,  "Physical  Methods  of  Organic  Chemistry,"  Interscience.NY,  vol  l,part  2 
(1949), 141— 251  4)J.H. Perry,  Edit,  "Chemical  Engineers’  Handbook,"  McGraw-Hill, NY(  1950), 98  & 149—73 
Velocity  of  Detonation  Tests.  See  Detonation  Rate  Tests 
Vitesse  do  detonation.  Fr  for  Detonation  Rate 

Vivacite’,  Determination  de  la.  Fr  for  Quickness  of  Burning  of  Propellants,  Determination 
Volotllity  of  Explosives  and  Related  Substances  may  be  expressed  by  the  loss  of  wt  per  unit  of  its  exposed 
surface  at  a given  temp  and  in  unit  time.  Two  of  the  volatility  tests  used  in  the  US  are:  100°  Heat  Tesr(qv) 
and  75°  International  Test/ qv) 

R. Colson,  MP  30,  55(1948)  describes  a French  volatility  test  conducted  by  leaving  a weighed  sample  in  a 
container  of  a known  surface  in  dry  air  at  atm  press  and  at  a desired  temp(sucb  as  60°)  for  several  hours  or 
dayB  and  then  reweighing.  The  loss  of  wt  in  milligrams  per  square  decimeter  and  per  one  hour  1b  known  as 


volatilite 

Volume  of  Gases  Evolved  on  Explosion  or  Detonation  may  be  either  ealed  or  detd  experimentally  by  explod- 
ing material  in  one  of  the  bombs,  such  as  Bichel  Bomb(qv),  and  then  collecting  and  measuring  the  volume. 
The  volumefin  liters)  evolved  by  1 kg  of  expl,  measured  at  NTP,  is  called  specific  volume  or  normal  vol- 
ume(Vol  Refs:  l)Marshall  2 (1917),443  2)Pascal(1930),l5  3)Vennin,  Burlot  & Lecorche(1932) 

4)Stettbacher(  1933), 69  5)Stettbacher(1948),13  6)Srcttbacher(1952),16 
Waltham  Abbey  Silvered  Vessel  Test.  See  Silvered  Vessel  Test 

Wax  Gap  Test  is  one  of  the  Detonation  by  Influence  tests(qv)  and  is  similar  to  the  Booster  Sensitivity 
teat(qv).  The  Wax  Gap  Test  is  described  briefly  under  Ammonium  Nitrate,  p A354,  Note  c and  in  more  detail 
in  Spencer  Chemical  Company,  "Safety  Data,"  Kansas  City,Mo( I960) 


Abbr  1 


LIST  OF 

ABBREVIATIONS,  CODE  NAMES  AND  SYMBOLS 
USED  IN  THIS  WORK  AND  IN  MILITARY  ORGANIZATIONS 
OF  THE  USA  AND  OF  VARIOUS  OTHER  COUNTRIES 

(Items  not  listed  here  are  given  in  the  text.  For  German  abbreviations  see  PATR  2510) 
(See  also  Supplement,  pages  Abbr  59ff) 


A 


AASM 


A or  Abstr 

A 

A 

A 

A 

A 

A 


A(gomma) 

o 

A 

A° 

A1 

Al(Monobel; 

Al(Roundkol); 

A2(Monobel) 

A/ 40 

A/80 

AA 

AA 

AAA 

AAAAW 

AAC 

AADL 


AAE 

AAE 

AAF 

AAFCE 

AAG 
A AM 
AAMG 
AARDL 


abstract 

acid  (as  MA,  mixed  acid) 

aniline 

argon 

Army 

atomic 

after  an  Ordn  term,  indicates  a 
standardized  variation  of  a 
standard  item 

Ital  gelatin  type  expl  contg  NG 

o 

Angstrom 

absolute  temperature 
first  class;  excellent 
British  explosives 
(see  the  text) 


AATCC 

AAWC 

AB 

AB 

ABBG 

ABBN 

abbm 

APCC 

ABCM 


Rus  40/60  amatol 
Rus  80/20  amatol 
antiaircraft 

Augusta  Arsenal,  Agusta, 

Ga 

antiaircraft  artillery 
antiaircraft  artillery  automatic 
weapons 

antiaircraft  cannon 
Artillery  Ammunition  Develop* 
ment  Laboratory,  PicArsn, 
Dover,  N J(now  AARDL) 
American  Association  of 
Engineers 

Aeroplane  and  Armament 
Establishment  (Brit) 

Army  Air  Forces 

Allied  Air  Forces,  Central 

Europe 

antiaircraft  gun 
air-to-air  missile 
antiaircraft  machine  gun 
Artillery  Ammunition  Rocket 
Development  Laboratory, 
PicArsn,  Dover,  NJ 
(formerly  AADL) 


Abel’s  Expl 
ABL 

ABM  A 


ABNP 

ABNT 

ABSAV 

ABSKF 

absol  or  abs 

abspn 

abstr  or  A 

abt 

AC 

AC 

Ac 

Ac 

AC 


Association  of  American 
Steel  Manufacturers 
American  Association  of 
Textile  Chemists  and 
Colorists 

Australian  Advisory  War 
Council 

Aktiebolaget  (Swed)(same  as 
Ger  A-G) 

aviobamba(Rus)(ae:'ial  bomb) 
Aktiebolaget  Bofor  i— Gullsp&ng 
(Swed) 

Aktiebolaget  Bofors-Nobelkrut 

(Swed) 

abbreviation 

Atomic  Bomb  Casu  ilty  Com- 
mission 

Association  of  British  Chem 
icaF  Manufacturers 
see  Picric  Powder 
Allegany  Ballistic  s Laboratory 
Cumberland,  Md 
Army  Ballistic  Mis  sile  Agency, 
Redstone  Arsenal,  Huntsville, 
Ala(see  also  OML) 

Aktiebolaget  Norm*  Projekeil- 
fabrik(Swed) 

Aktiebolaget  Nora  Tandrofs- 
fabrik(Swed) 

Aktiebolaget  Svens  It  Automat 
Vapen(Swed) 

Aktiebolaget  Sven  ska  Krutfak- 
toriema,  Landskrona(Swed) 
absolute 


absorption 

abstract 

about 

Allied  Chemicals,  New  York 
symbol  for  hydrogen 
cyanide  (CWA) 
acetyl(CHsCO-,not  CH,COO-  ) 

acid 

adjusted  charge  (Brit) 


Abbr  2 


AC 

Air  Corps;  aircraft 

Adm 

Admiral 

AC  or  ac 

alternating  current 

Admy 

Admiralty 

A/C 

anticoncrete 

adrm 

airdrome 

AC 

armored  car 

adv 

adverb 

AC 

Army  Corps 

AEA 

Atomic  Energy  Act 

AcAn 

symbol  for  1,9-diacetoxy- 

AEC 

Atomic  Energy  Commission 

pentamethyl  en—2, 4,6,8- 

AECL 

Atomic  Energy  of  Canada,  Ltd,  Canada 

tetranitramine 

AEDC 

Arnold  Engineering  Development 

Acad 

Academy 

Center,  Talahoma,  Tenn 

ACC 

American  Cyanamide  Co, 

AEF 

Allied  Expeditionary  Forces 

New  York 

AEG 

Allgemeine  Elektrizitats  Gesell- 

ACC 

Army  Chemical  Center, 

schaft  (General  Electric  Co  of  German; 

Maryland  (See  also  EA) 

A EL 

Aeronautical  Engineering  Laboratory 

ACCCE 

Association  of  Consulting 

(US  Naval  Base,  Phila,  Pa) 

accdg 

Chemists  and  Chemical  Eng- 
ineers 

AERE 

Atomic  Energy  Research  Establishment 
Harwell,  England 

according;  according  to 

aerod 

aerodynamics 

Acc  of  F 

accuracy  of  fire 

aeron 

aeronautics 

ACD 

Armour  Chemical  Div,  Chicago 

9,  111 

A ESC 

American  Engineering  Standards 
Committee 

acet 

acetone 

AEU 

Amalgamated  Engineering  Union 

acet  ac 

acetic  acid 

A°F 

after  firing(Brit) 

ACNA 

Aziende  Chimiche  Nazionali 

AF 

Air  Force 

Associate  (Cengio)  (Ital) 

AF 

Armored  Force 

AcH 

acetaldehyde 

AF 

Aviobomba,fugasnaya(Rus)(  demo- 

ACHEMA 

Ausstellung  fur  Chemisches 

lition  bomb) 

Apparatewesen 

AFAC 

Air  Force  Armament  Center,  Eglin,  Fh 

ACO 

Army  Corps  Ordnance  (Brit) 

AFB 

Air  Force  Base 

Ac20 

acetic  anhydride 

AFBMD 

Air  Force  Ballistic  Missile  Div, 

AcOH 

acetic  acid 

Inglewood,  Calif 

ACS 

Allied  Chiefs  of  Staff 

AFCA 

Armed  Forces  Chemical  Association 

ACS 

American  Chemical  Society 

AFBDC 

Air  Force  Base  Development  Center, 

ACSIRO 

Australian  Commonwealth 

Eglin,  Fla 

Scientific  and  Industrial 
Research  Organization 

AFCRC 

Air  Force  Cambridge  Research 
Center,  Bedford,  Mass 

act 

active 

AFFTC 

Air  Force  Flight  Test  Center, 

ACT- 5 

see  the  text 

Edwards  AFB,  Calif 

Actg 

Acting 

AFMTC 

Air  Force  Missile  Test  Center, 

ad 

advertisement 

Patrick  AFB,  Cocoa,  Fla 

AD 

Air  Defense;  ASTIA  Document 

AFNOR 

Association  Fran<jaise  de 

AD 

Ammunition  Depot  or  Dump 

Normalisation(Fr  Assocn  for 

AD 

Anno  Domini  (after  Christ) 

Stand  ardi  zation) 

A-day 

Army  Day 

AFOSR 

Air  Force  Office  of  Scientific 

ADC 

Air  Development  Center 

Research,  Washington , DC  and 

Add 

addenda 

Pasadena,  Calif 

addn 

addition 

AFOTC 

Air  Force  Operational  Test  Center 

addnl 

additional 

AFPTRC 

Air  Force  Personnel  and  Training 

ADE 

Ital  time  & percussion  fuzes  used 

Research  Center 

with  aerial  burst  or  impact  pro- 

AFR 

Admiralty  Fuel  Resear ch( Brit) 

jectiles  (OP  1168,  p63) 

AFS 

Army  Field  Services,  Fort  Monroe, Va 

adj 

adjective 

AFSWC 

Air  Forces  Special  Weapons  Center, 

Ad  j 

Adjutant 

Kirtland  Air  Force  Base,  NM 

ADL 

Arthur  D.  Little,  Inc,  Cambridge, 
Mass 

AFSWP 

Armed  Forces  Special  Weapons 
Project  (changed  to  DASA) 
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AFT 

adiabatic  flame  ttmoeraturg 

ALCOA 

Aluminum  Company  of  Amprir-a 

AFUS 

Armed  Forces  of  the  United 

aid 

aldehyde 

States 

Aldorfit 

Swiss  expi(see  the  text) 

AFV 

armored  fighting  vehicle  (Brit) 

alk 

alkali,  alkaline 

AG 

assault  gun 

Aik 

alkyl 

A/G 

antigas;  air-to-ground 

/VLfVfclJ-J-l.C3 

Belg  safety  expis(see  the  text) 

Ag 

argentum  (silver) 

alky 

alkalinity 

Aff  A 

silver  a»ide 

ALRL 

Aluminum  Research  Laboratory 

AGARD 

Advisory  Group  for  Aeronautical 

(of  ALCOA) 

Research  and  Development(NATO) 

Alsilite 

Belg  expl  (see  the  text) 

AGB 

American  Glycerin  Bomb(see  the 

Alsk 

Alaska 

text) 

ait 

altitude 

AkJL- 

Aerojet-General  Corp,  Azusa, 

A I _ 

n.iLa 

Alberta,  Canada 

Calif 

Aluraatols 

see  the  text 

agcy 

a/m 

above  mentioned  (Rrit) 

AGDNW 

Aktiengesellschaft  Dynamit— 

AM 

Air  Ministry  (Brit) 

Nobel,  Wien  (Austr) 

Am  or  am 

amyl 

AGE 

Admiralty  Gunnery  Establishment 

AM  or  am 

when  added  to  the  designation  of 

(Brit) 

a Fr  propellant,  means  that  amyl 

Agfa 

Aktiengeseiiscnarc  riir  Aniim- 

ale  was  used  as  a stabilizer  (eg 

fabrikation(Ger  chemical  firm) 

BAm,  BFAm,  etc) 

AGI 

Ai*p  Glace.  Tnc.  Vineland.  NT 

AM 

agitn 

agitation 

AM 

Army  Manual(Brit) 

AGJ(Comp) 

cast  double-base  propellants 

AMA 

American  Medical  Association 

developed  by  ABL 

AMA 

American  Military  Attache' 

Agr 

Agriculture 

amal 

amalgam 

agri 

agricultural 

am  ale 

amyl  alcohol 

AHTCo 

Arthur  H.  Thomas  Company, 

Amatex 

see  the  text 

Pli tlo  ^ Pq 

Amatol 

see  the  text 

AIC 

American  Institute  of  Chemists 

A/MB 

anti-motorboat 

AIC 

Ammunition  Identification  Code 

AMC 

Army  Medical  Center 

AIChE 

American  Institute  of  Chem 

AMC 

Army  Medical  Corps 

Engineers 

AMES 

Air  Ministry  Experimental  Station 

AlEE 

American  Institute  of  Electrical 

(Brit) 

Engineers 

AMILAT 

American  Military  Attache 

ATMA 

A m^ftr*ian  Tn/lncfrial  Mvoi  #fl  P 

AML 

Admiralty  Material c T .qh<irqfr>ry 

Association 

(Brit) 

ahr 

Air  Intelligence  Information 

AML 

Aeronautical  Materials  Laboratory 

Report 

(US) 

AIMME 

American  Institute  of  Mining  and 

Amm 

ammonium(NH4) 

Metallurgical  Engineers 

ammo 

ammunition 

AISC 

American  Institute  of  Steel 

Ammonals 

see  the  text 

Ammonaru 

Jap  for  Ammonal 

AISI 

American  Iron  and  Steel  Institute 

Ammoniak  krut 

see  the  text 

A(ko) 

Jap expiosive(see  text) 

ammoniaku 

Jap  expl  (see  the  text) 

A1 

aluminum 

Ammonites 

see  the  text 

ALA 

American  Library  Association 

AmmP  or  AP 

ammonium  picrate 

Aiba 

Alberta,  Canada 

/llllULUV^V^ 

Amoco  Chemicals  Corp,  Chicago, 

Albanice 

Brit  propellant  (see  the  text) 

111 

A 1 ki 

T#«»1  PVfN  1 ( C*A  f K P 

/ 

amor 

amorphous 

ale 

alcohol,  alcoholic 

amp 

amperes 

ALCAN 

Alaskan-Canadian  Highway 

AMP 

Applied  Mathematical  Panel 

ALCAN 

Aluminum  Company  of  Canada 

amph 

amphibian 
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amp-hr 

ampere-hour 

AOD 

Arsenal  Operations  Division 

AOR 

Army  Ordnance  Regulations 

AMPS 

Army  Mine  Planting  Service 

AORG 

Army  Operational  Research 

AMRL 

Army  Medical  Research  Lab- 

Group (Brit) 

oratories 

AOS 

Army  Ordnance  Service 

AMSEF 

anti-mine  sweeping  explosive 
float(Brit) 

AOW 

Alabama  Ordnance  Works,Childers- 
burg,  Ala 

amt 

amount 

AP 

American  Patent(see  USP) 

AMTB 

anti-motor  torpedo  boat 

AP 

see  AmmPfammonium  picrate) 

AMTRAC(s) 

amphibious  tractor(s) 

A/P  or  AP 

antipersonnel 

AMVETS 

American  Veterans  of  W II 

AP 

armor-piercing 

AN 

ammonium  nitrate 

APAT 

armor-piercing,  antitank 

AN 

ammonium  nitrate  based 

APC 

armor-piercing,  capped 

propellants 

APC 

Atlas  Powder  Co,  Wilmington  99,  E 

AN 

Army-Navy 

APCHE 

armor-piercing,  capped, high  explos 

AN 

after  an  Ordn  term  designates 

APCI 

armor-piercing,  capped, incendiary 

a standardized  item  for  use  by 

APC-LC 

armor-piercing  capped,  long  case 

both  the  Army  and  Navy 

APCI-T 

armor-piercing  capped, incendiary 

AN-507 

see  the  text 

with  tracer 

ANC 

Argentine  Naval  Commission, 

APC-T 

armor-piercing  capped  with  tracer 

New  York  19,  NY 

AP-FS-DS 

armor -piercing  fin-stabilized,  dis- 

AND 

Army  & Navy  Design 

carding  sabot  ( arrow) 

ANG 

Air  National  Guard 

APG 

Aberdeen  Proving  Ground,  Md 

ANG 

code  name  for  nitroglycerin(NG) 

APHA 

American  Public  Health  Associate 

plus  nitroglycol(NGc) 

APHE 

armor-piercing,  high  explosive 

anhyd 

anhydrous 

APHEBC 

armor-piercing,  high  explosive, 

Anilite 

iiq  expl  (see  the  text) 

ballistic  cap 

ANL 

Argonne  National  Laboratory 

APHV 

armor-piercing,  hyper  velocity 

Ann 

Annals 

API 

American  Petroleum  Institute 

anom 

anomalous 

API 

armor-piercing,  incendiary 

anon 

anonymous 

API-T 

armor-piercing,  incendiary  with 

Ans 

anisole 

tracer 

ANS 

Ital  expl  (Antisanzionite)(see 
the  text 

APL 

Applied  Physics  Laboratory, 
Johns  Hopkins  University 

ANSB 

Army-Navy  Safety  Board,  Wash- 

APLN 

armor-piercing,  long  nose 

ington  25,  D C 

APMB 

armor-piercing,  monoblock 

antifr 

antifreezing 

ap/necl 

Ardeer  Plant  of  Nobel’s  Ex- 

Antigel de  sflret6 

Belgian  safety  expls  (see  the 

plosives  Co,  Ltd,  Scotland 

Antigrisou(explo- 

. text) 

APO 

Army  Post  Office 

sifs) 

app  or  appar 

app  aratus 

Antigrisous  Favier. 

Fr  permissible  expls 

appd 

approved 

AntigrisouteuX^ 

app  Id 

applied 

(explosifs)  J 

appln 

application 

antilog 

antilogarithm 

approp 

appropriate 

AO 

aviobamba,  oskolachnaya 

approx  or  appr 

approximate(ly) 

(Rus)(fragmentation  bomb) 

apptd 

appointed 

AOA 

Army  Ordnance  Association, 

appval 

approval 

Washington,  DC 

Appx 

appendix 

AOAC 

Association  of  Official 

APRN 

armor-piercing,  round  nose 

Agriculture  Chemists 

APT 

appoint  (see  the  text) 

AOD 

Anniston  Ordnance  Depot, 

AP-T 

armor-piercing  with  tracer 

Anniston,  Ala 

APWO 

Association  of  Public  Works 

AOD 

Army  Ordnance  Depot 

Officials 
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APX-4A") 

Amer  exptl  expls  contg  EDNA 

APX-5Aj 

(see  the  text) 

aq 

aqueous 

aq  reg 

aqua  regia 

aq  soln(s) 

aqueous  solution(s) 

AR 

analytical  grade  reagent 

Ar 

aryl  radical 

AR 

Army  Regulations 

AR 

automatic  rifle 

ARC 

Aeronautical  Research  Council 
(Brit) 

ARC 

Atlantic  Research  Corp,  Alex- 
andria, Va 

Arcite 

plastic  propellant 

ARD 

Armament  Research  Dept 
(Brit) 

ARDC 

Air  Research  and  Development 
Command,  Baltimore,  Md 

ARDE 

Armament  Research  and  De- 
velopment Establishment, 
changed  to  ARE  (Brit) 

ARDEC  (changed 

Armament  Research  and  De- 

to CARDE) 

velopment  Establishment,  Canada 

ARE 

Armament  Research  Estab- 
lishment, Fort  Halstead,  Kent, 
England 

ARE/RA 

Armaments  Research  Estab- 
lishment, Royal  Arsenal, 
Woolwich,  Engl 

ARF 

Armour  Research  Foundation, 
Chicago,  111 

Arg 

Argentina 

ARGMA 

Army  Rocket  and  Guided  Missile 
Agency,  Huntsville,  Ala 

ARL 

Admiralty  Research  Labora- 
tory (Brit) 

ARL 

Aeronautical  Research  Lab- 
oratory(  Au  s tr  ali  a) 

arith 

arithmetical) 

Arso 

Arsenal 

Arsol 

code  name  for  trimethylene- 
trinitros  amine 

Arty 

Artillery 

AS 

Air  Service  (Brit) 

A/S 

anti-submarine 

As 

Arsenic 

ASA 

a zide  - s typhn  ate-alumioum 
(Brit  initiating  mixt) 

ASA 

Ital  expl(see  die  text) 

ASCE 

American  Society  of  Civil 
Engineers 

ASD 

Ammunition  Sub-Depot 

ASDIC 

Antisubmarine  Detection 
Investigation  Committee 
(Code  name  for  ultrasonic 
underwater  detector) 

ASF 

Army  Service  Forces 

ASHVE 

American  Society  of  Heating 
and  Ventilating  Engineers 

ASM 

air-to-surface  missile 

ASM 

American  Society  for  Metals, 
Cleveland,  Ohio 

ASME 

American  Society  of  Mech- 
anical Engineers 

ASN 

Ital  expl  and  propellant 

ASNE 

American  Society  of  Naval 
Engineers 

ASP 

Ammunition  Supply  Point 

ASP 

Army  Supply  Point 

asph 

asphalt 

ASRE 

Admiralty  Signal  Research 
Establishment(Br  it) 

ASSE 

American  Society  of  Safety 
Engineers 

assoc 

associate 

assocd 

associated 

Assocn 

Association 

asstd 

assorted 

ASTIA 

Armed  Services  Technical 
Information  Agency, 
Arlington  Hall  Station, 
Arlington  12,  Va 

ASTM 

American  Society  for 
Testing  Materials 

ASTM 

American  Standard  Test 
Method 

ASV 

Active  Service 

ASV 

aircraft  searching  apparatus 

A/SW 

antisubmarine  warfare 

asym  or  as 

asymmetrical 

AT 

air  temperature 

AT 

Rus  for  amatol 

A/T  or  AT 

antitank 

AT 

assay  ton 

at 

atomic 

ATA 

air-to-air 

ATC 

Air  Training  Command 

ATF 

Rus  for  amatol, phlegmati  zed 

ATG 

air-to  ground 

A/TG 

antitank  gun 

ATIC 

Air  Technical  Intelligence 
Center(changed— see  below) 

ATIC 

Aerospace  Technical 
Intelligence  Center 
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atm 

atmosphere 

at/no 

atomic  number 

ATO 

assisted  take-off 

Ate 

Attache 

ATT 

attenuated  ballistlte(Fr) 

attn 

attention 

at  vol 

atomic  volume 

at  wt 

atomic  weight 

ATX 

symbol  for  1,7-dinitroxy- 

2,4,6-trinitro-2,4,6- 

triazaheptane 

Au 

aurum(Lat)  (gold) 

Xu 

Xngstrom  unit 

aut 

automatic 

aux 

auxiliary 

A/V 

armored  vehicle 

av  or  avg 

average 

avdp 

avoirdupois(l  lb  =453«59g) 

Avigliana  3 

Ital  expl  (see  the  text) 

avn 

aviation 

AW 

automatic  weapon 

AWC 

Armstrong- Whitsworth  Co, 
England 

AWD 

acoustic  warning  device 

AWL 

absent  with  leave 

AWOL 

absent  without  official  leave 

AWRE 

Atomic  Weapons  Research 
Establishment  (Brit) 

az 

azimuth 

Az 

azote  (French  for  nitrogen) 

azx 

azoxy 

B 

B 

base  (of  a bomb) 

B 

battery 

B or  benz 

benzene 

B 

blind  or  dud  (Brit) 

B 

bomb  (er) 

B 

boron 

B 

brisance  ealed  by  Kast 
formula(see  the  text) 

B 

bron  eprobi  vnoy(  Rus)(  armor- 
piercing) 

B 

used  after  an  Ordn  term,  de- 
notes a standardized  item  for 
use  by  both  Army  and  Navy 

B(gomma) 

Ital  gelatin  type  expd  contg 
NG 

B(salt) 

one  of  Amer  designations  for 
ethylenedi amine  dinitrate 

Jap  incendiary  expl  (see  text) 

B(poudre) 

Fr  propellant  named  in  honor  of 
Gen  Boulanger;  formerly  called 
V(poudre)  because  it  was 
invented  by  Vieille 

Ba 

Barium 

BA 

Benicia  Arsenal,  Benicia, 
Calif 

BA 

benzaldehyde 

BA 

British  Academy 

BA 

British  Admiralty 

BA 

Bureau  of  Aeronautics,  Wash- 
ington, DC 

BAC 

Bell  Aircraft  Corp,  Buffalo  NY 

BAC 

Bristol  Airplane  Co  (Brit) 

BAc 

benzoic  acid 

bacter 

bacteriological 

BAD 

Base  Ammunition  Depot 

B & I 

base  and  increment 

Bakufun 

Jap  primary  expl  (see  the  text) 

Bakuhatsu-sei 

Jap  blasting  cap 

bal 

ballistics 

Balistita 

Ital  double-base  propellant 

Ballistites 

double-base  propellants 

BalMort 

ballistic  mortar 

Bain 

Fr  ballistite(see  the  text) 

BalPend 

ballistic  pendulum 

BAM  or  BAm 

Fr  propellants  stabilized  with 
amyl  alcohol 

BangT 

bangalore  torpedo 

Baratol 

Mil  expl  contg  Ba  nitrate  & TNI 

Barisutaito 

Jap  for  ballistite 

Baronal 

Mil  expl  contg  Ba  nitrate,  TNT 
& A1 

BAS 

Bessemer  aerial  steel 

BAS 

Ital  projectile 

BAS 

Bulletin  of  Atomic  Scientists 

BA/T 

battalion  anti-tank 

Batcn 

battalion 

BB 

barrage  ballon 

BB 

buoyancy  bom b( Brit) 

BC 

Before  Christ 

BC 

British  Columbia,  Canada 

BC 

Fr  propellant  (see  the  text) 

BCC 

Baker  Chemical  Co,  Phillips- 
burg,  NJ 

BCD 

Becco  Chemical  Div,  Buffalo, 
7,  NY 

BCIRA 

British  Cast  Iron  Research  Asso 

BCNL 

Fr  cannon  propellant  (see 
the  text) 

BCotIRA 

British  Cotton  Industry 
Research  Association 

BCRA 

British  Coke  Research 
Association 

BCSO(NA) 

British  Commonwealth 
Scientific  Office(North 
America) 

BCURA 

British  Coal  Utilization 
Research  Association 
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BD 

base  detonating 

BD 

bomb  disposal 

BD 

Fr  propellant  contg  DPhA 

D /Tt 

u<.  1 1 j/. — 

BDS 

Bomb  Disposal  Squad,  qow 
called  EODT 

BDSA 

Business  and  Defense  Service 
Administration  (Commerce  Dept, 
Washington  25,  DC) 

BDU 

bomb  disposal  unit 

BE 

base  ejection(chemical  shell) 

Be 

Baume 

Be 

beryllium 

BEAIRA 

British  Electrical  and  Allied 
Industries  Research  Association 

Belg 

Belgium,  Belgian 

Bellites 

older  Swed  expls 

benz 

benzene 

Berger(explosifs) 

Fr  expls(see  the  text) 

BESA 

British  Engineering  Standards 
Association 

BESS 

base  ejection  smoke  shell 

Bess 

Bessemer 

BethStCorp 

Bethlehem  Steel  Corp 

beew 

between 

BF 

barrage  fire 

BF 

before  firing(Brit) 

BF 

poudre  B fusil  (Fr  NC  propel- 
lant for  military  rifle 

BFF 

Beretta  Francese  e Figli  (Italfirm) 

BFNL, 

Fr  military  rifle  propellants 

(see  the  text) 

BG 

Birmingham  gauge,  for  wire 

BG,  BG4  & BGC| 

Fr  propellants  (see  the  text) 

BG  or  BIG  i 

blasting  gelatin 

BGOD 

Blue  Grass  Ordnance  Depot, 
Richmond,  Ky 

BGR 

bombing  and  gunnery  range 

BH 

Brineii  hardness 

BHC 

benzene  hexachloride 

BHOD 

Black  Hills  Ordnance  Depot, 
Igloo,  SDak 

BHP 

British  horse-power 

BHRA 

British  Hydromechanics  Re- 
search Association 

51 

base  initiating;  base  ignition 

Bi 

bismuth 

BI 

Board  of  Investigation 

BIB 

baby  incendiary  bomb 

bibl 

bibliography 

BICERA 

British  Internal  Combustion 
Engine  Research  Association 

L • t 

U10CI1 

biochemical 

biol 

biological 

BIOS 

British  Intelligence 
Objectives  Subcommittee 

BIPM 

et  Mesures(FrXI»ternational 
Bureau  of  Weights  and  Measures) 

BISC 

British  Intelligence  Sub-Committee 

Bi  so  flex  102 

Brit  for  triethyleneglycol 
dicaprylate 

B1SRA 

British  Iron  and  Steel  Research 

a 

i*o  avwiavivu 

BJ 

brass  jacket 

BJSM 

British  Joint  Services 
Mission,  Washington  6,  DC 

bk  or  blk 

black 

BkPdr 

biack  powder 

BKhV 

boyevoye  khimicheskoye 

tfp elirhpeWn/'Pue^  (C' W A l 

BL 

base-loaded  (shell) 

BL 

breech  loading  (separate 
loading  ammo  with  bagged 
propelling  charge) 

BL 

j ^ t it  t 

WlUliOiUt  L.4U0101U1J,  1^.1, 

DuPont  de  Nemours  & Co, 
Penns  Grove,  NJ 

bl 

blue 

Blastin 

Swed  expl(see  the  text) 

BLC 

base-loaded  capped  (shell) 

bldg 

building 

D1X 

see  bk 

BLMRA 

British  Leather  Manufacturers 
Research  Association 

bln 

balloon 

BM 

breech  mechanism 

BM  or  BurMine* 

Bureau  of  Mines,  Pittsburg, Pa 

BM(poudres) 

Fr  Navy(marine)  propellant 

BMG 

Browning  machine  gun 

BMI 

Battelle  Memorial  Institute 

hmr 

bomber 

BMRC 

British  Manufacture  & Re- 
search Co 

BMT 

British  Mean  Time 

BMTS 

see  BurMines  TS 

BN 

poudre  nouveiie(Fr  modified 
propellant) 

bna 

British  Naval  Attach^ 

BNF 

bomb  nose  fuze 

BNF 

poudre  nouvelle,  fusil(Fr 
modified  rifle  propellant) 

BNFMRA 

British  Non-Ferrous  Metals 
Research  Association 

BNL 

Brookhaven  National  Lab- 
oratory. Upton.  NY 

BNO 

British  Naval  Officer 
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BNP 

Bureau  of  Naval  Personnel 

Braz 

Brazil 

BOAC 

British  Ordnance  Ammunition  Corps 

Brit 

British 

BOAC 

British  Overseas  Airways  Company 

brg 

bearing 

BO 

blown  out(Brit) 

brghd 

bridgehead 

BOD 

Base  Ordnance  Depot 

BRL 

Ballistics  Research  Lab- 

BOD 

biochemical  (biological) oxygen 

oratory,  Aberdeen,  Md 

demand  (capacity  of  water  to 

bm 

brown 

absorb  oxygen) 

Bros 

brothers 

BOD 

Birmingham  Ordnance  District, 

BrP  or  BritP 

British  Patent 

Birmingham,  Ala 

BRRA 

British  Rayon  Research 

BOD 

Boston  Ordnance  District, 

Association 

Boston  10,  Mass 

BrS 

Brown  & Sharpe  Manu- 

Bol 

Bolivia 

facturing  Co  (wire  gauge) 

Bolovon  0 

Austr  liq  expl  (HNOs  + m-DNB) 

BRS 

Buildings  Research 

Bonit 

Swed  for  expl  contg  RDX  & TNT 

Station  (Brit) 

BOP 

Burlington  Ordnance  Plant, 

BrStd 

British  Standard 

Burlington,  NJ 

BS 

bomb  sight 

Boronites 

expl  mixts  of  amatols  with  boron 
salts  (suitable  for  press-loading 

BS 

Bureau  of  Standards  (see 
NBS) 

of  ammo)  (see  PATR  1292  and 

BS(poudre) 

Fr  propellant  (see  the  tea 

the  text) 

BSA 

Birmingham  Small  Arms  C 

BOV 

boyevoye  otravliayoushcheiye 

(Engl) 

veshchestvo(Rus)(War  poison 

BSI 

British  Standards  Institut 

substance)  (poison  gas)(CWA) 

BSIR 

Bibliography  of  Scientific 

BOV 

brown  oil  of  vitriol  (tech  sulfuric 
acid) 

and  Industrial  Reports 
(US  Dept  of  Commerce) 

BOW 

Badger  Ordnance  Works, 
Baraboo,  Wise 

BSIRA 

British  Scientific  In- 
struments Research  As- 

BOW 

Base  Ordnance  Workshop 

sociation 

BP 

base  point 

BSO 

broadside  on  impact  of 

bp 

boiling  point 

projectile 

BP 

Bolta  Products,  Lawrence,  Mass 

BSP(poudre) 

Fr  propellant  (see  the 

BP 

boyevyiye  pripacy(Rus)  (ammuni- 

text) 

tion) 

BSRA 

British  Shipbuilding  Re- 

BP 

British  Patent  (see  BritP) 

search  Association 

BP 

broneprozhigayushchii(Rus) 

BSS 

British  Standard  Screen 

(bum  through  armor)  (shaped 
charge) 

BSS 

British  Standard  Speci- 
fication 

B-P 

bullet-proof 

BSWG 

British  Standard  Wire 

BP-152(polvere) 

brown  powder  used  by  Italians 

Gauge 

in  cannons  prior  to  invention  of 
smokeless  propellant 

BSX 

symbol  for  1,7-diacetoxy- 
tetram  ethylene-2, 4, 6- 

BPB 

black  powG>r  bag 

trinitramine  or  1,7- 

BPCVMRA 

British  Paint,  Colour  & Varnish 
Manufacturers  Association 

diacetoxy-2,4,6-trinitro- 

2,4,6-triazaheptane 

BPD(polvere) 

Ital  sporting  propellant 

BSX 

symbol  for  2,4,6- 

BPP 

black  powder  pellet 

trinitro-2,4,6-triazahep- 

BPZ 

bronebrozhigayushchii- 

tane-l,7*diol  diacetate 

zazhigayushchii(Rus)  (shaped 

B-t 

boat-tailed  (bullet) 

charge,  incendiary) 

BTEU 

bis-(trinitroethyl)urea 

Br  or  Brit 

British 

BTL 

Bell  Telephone  Lab- 

Br 

bromine 

oratories 

Br431(pol*ere) 

brown  powder  used  in  Ital  Navy 
prior  to  the  invention  of  smoke- 
less propellant 

BTNES 

bis(trinitroethyl)- 

succinate 
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Btry 

battery  (4  guns) 

BTS 

Bellini-Tosi  System 
(of  radio  direction) 

BTTN  or  BuTTN 

butanetriol  trinitrate 

BTU 

Board  of  Trade  Unit  (kilowat/ 
hour) 

BTU 

British  Thermal  Unit(s) 

Bu  or  Bur 

Bureau 

Bu  or  but 

butyl(normal) 

BuA 

Bureau  of  Aeronautics,  Wash- 
ington 25,  DC 

Bucks 

Buckinghamshire(  Brit) 

BuGDN 

butylenegiycoldinitrate 

Bulg 

Bulgaria 

Bull 

bulletin 

Buna 

Butadiene- Natrium  (synthetic 
rubber) 

BuOrd  or  BUORD 

Bureau  of  Ordnance 

BurMines 

Bureau  of  Mines,  Pittsburg,Pa 

BurMinesTS  or) 

Bureau  of  Mines  Test  Station, 

BMTS  ' 

Bruceton,Pa 

BuShips 

Bureau  of  Ships 

but  ale 

butyl  alcohol 

BW 

Biological  Warfare 

BW(poudre) 

Fr  propellant  (see  the  text) 

BWC 

board  wood  cellulose  (Brit) 

BWG 

Birmingham  Wire  Gauge 

BWRA 

British  Welding  Research 
Association 

BWW 

Biological  Warfare  Weapons 

Bz 

benzoyl,  C6HrCO- 

BzH 

benzaldehyde,  C6Hj.C0H 

Bzl 

benzyl,C4HrCH- 

BzOH 

benzoic  acid,  C6Hj-COOH 

C 

°C 

degree  centigrade 

C 

capacitance 

C 

capped 

C 

carbamite(Brit  for  centralite) 

C 

carbon 

C 

cellulose 

C 

centigrade 

C 

Commanding 

C or  Conf 

confidential 

C 

constant 

C(expIosif) 

Fr  explosive  (see  the  text) 

C-2(polvere) 

Ital  propellant  similar  to 
Brit  cordite  MD 

C-7 

Ital  sporting  propellant 

Ca 

calcium 

ca 

cathode 

CA 

Chemical  Abstracts 

ca 

circa  (about,  approximately) 

CA 

Coast  Artillery 

CA 

Contra- aereo  (Ital)(antiaircraft) 

C/A 

counter-attack 

CA,;  CAj 

coton  azotique  1 et  2 

(FrXNC  contg  ca  12%N)(see  the 

text) 

CAA 

Civil  Aeronautics  Admin 

CAC 

Coast  Artillery  Corps 

CAD 

Central  Ammunition  Depot 

CADO 

Central  Air  Documents  Office, 
now  ASTIA 

Cal 

Caliber  (inside  diameter  of  a 
weapon) 

cal 

length  of  a cannon  in  calibers 

Cal 

see  Calif 

cal 

gram-calorie 

Cal 

kg-calorie  (see  kcal) 

CAL 

Cornell  Aeronautical  Laboratory 

calc 

calculate 

calcd 

calculated 

ealeg 

calculating 

ealen 

calculation 

Calif 

California 

CalTech,  ^ 

California  Institute  of  Tech- 

Caltech, or  CITj 

nology,  Pasadena,  Calif 
(see  also  CIT) 

CAM 

Centro  Armamento  Marinha 
(Rio  de  Janeiro^  Brazil ) 

Cambs 

Cambridgeshire,  Engl 

camf 

camouflage 

Can 

Canada,  Canadian 

can 

canister 

cap 

capital  letter 

Carbarn  ite 

Brit  for  centralite 

CARDE 

Canadian  Armament  Research 
and  Development  Establish- 
ment (formerly  ARDEC) 

Carib 

Caribbean 

Carlsoni  tes 

older  Swed  expls 

cart 

cartridge 

CAS 

Canadian  Army  Staff, 
Wasihington  8,  DC 

CASEE 

Canadian  Army  Signals 
Engineering  Establishment 

Cavy 

cavalry 

Cb 

columbium 

CB 

Construction  Battalion  (its 
members,  during  WW  II  were 
called  "Seabees") 

CBR 

chemical,  biological  and 
radiological  (warfare) 
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cc 

collodion  cotton 

CG 

Commanding  General 

cc 

cubic  centimetes 

CG 

code  name  for  phosgene 

CCA 

Celanese  Corp  of  America, 

gas  (CWA) 

New  York  6,  NY 

CG-13,CG-14 

Ital  double  base  propellants 

CCAE 

(Joint)  Congressional 

(see  the  text) 

Committee  of  Atomic  Energy 

CGS 

centimeter-gram- second 

CO- 

Chemists  Club  Library,  50E 

CGS 

Central  Gunnery  School 

41st  St,  New  York  6,  NY 

CGS 

Chief  of  the  General  Staff 

CCC  I 

Charlotte  Chemical  Laboratories, 

CGS 

Coast  Guard  Station 

Inc,  Charlotte,  NC 

CGWI 

Corning  Glass  Works,  Inc, 

Cd 

cadmium 

Corning,  NY 

CDD 

Companhia  Dinamitos  do  Brasil 

CH 

Case-hardened 

(Rio  de  Janeiro,  Brazil) 

Ch 

chapter 

CDEE 

Chemical  Defence  Experimental 

char 

character,  characteristic 

Establishment  (Brit) 

Ch  D’Aff 

Charge  d’Affaires 

CDRD 

Chemical  Defence  Research 

Chakatsuyaku 

Jap  for  TNT  (Sanshoki- 

Department 

teruoru) 

Ce 

cerium 

Chanayaku 

Jap  expl  (see  the  text) 

CE 

Corps  of  Engineers 

Chaoyaku 

Jap  expl  (see  the  text) 

CE 

"Composition  Exploding" 

Chauyaku 

Jap  for  cyclotol 

(Brit  for  tetryl) 

Cheddites 

Fr,  Ital  & Swiss  chlorate  expls 

CEC 

Companhia  Explosivos 

chem 

chemical 

Cheddite  (Brazil) 

Chemico 

Chemical  Construction  Corp, 

CEF 

Canadian  Expeditionary  Force 

New  York  1,  NY 

(in  France) 

ChemSoc 

Chemical  Society,  London,  Engl 

CEG 

Chemical  Engineering  Group, 

ChemWarf 

See  CW 

London 

chemy 

chemistry 

CE1 

Commissariat  a l'Energie 

chge 

charge 

Atomique  (Fr  Atomic  Energy 

Chikkaen 

Jap  for  lead  azide 

Commission) 

Chin 

Chinese 

Cellamite 

Fr  expl  contg  AN,  NG,  CC 

Chishoki-anin 

Jap  expl  (see  the  text) 

and  cellulose 

chlf 

chloroform 

cemf 

counter  electromotive  force 

Chujo-kayaku 

Jap  for  cordite 

CENCO 

Central  Scientific  Co,  Chicago 

Cl 

cast  iron 

13,  III 

Cl 

Chemical  Inspectorate  (Brit) 

centf 

centrifugal 

Cl 

Colour  Index  (Society  of 

Cencr 

Centralite  (US);  carbamite  (Brit) 

Dyers  and  Colourists  (Brit) 

Centralite  TA 

Belg  AN  expl  (see  the  text) 

CIA 

Central  Intelligence  Agency 

CEPE 

Central  Experimental  & Proving 
Establishment  (Canada) 

CIBA 

Chemische  Industries 
Basel  (Swiss) 

CERN 

European  Council  for  Nuclear 

CIGM 

Chief  Inspector  for  Gun 

Research 

Mounting(Bric) 

CETME 

Centro  de  Estudios  Tecnicos  de 
Materiales  Especiales  (Span) 

CIL 

Canadian  Industries  Ltd, 
Montreal,  Canada 

cf 

compare  with;  refer  to 

CINCAF 

Commander  in  Chief  of 

CFA 

Canadian  Field  Artillery 

Allied  Forces 

cf  ante 

compare  above 

CINCEUR 

Commander  in  Chief  (of 

CFE 

Central  Fighter  Establishment 

the  US  Forces)  in  Europe 

(Brit) 

CIOS 

Combined  Intelligence 

cfh 

cubic  feet  per  hour 

Objectives  Subcommittee 

cfm 

cubic  feet  per  minute 

CIOS 

Comite  International  de 

cf  post 

compare  after 

l’Organisation  Scientifique 

cfs 

cubic  feet  per  second 

(Fr) (International  Committee 

cg 

centigram 

of  Scientific  Organization) 
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CIT 

See  CalTech 

C of  R 

center  of  rotation 

CIT 

Carnegie  Institute  of 

Col 

colonel 

Technology,  Pittsburgh,  Pa 

col 

colorless 

CIT/GAL 

California  Institute  of 

Colinite 

Fr  expl  (see  the  text) 

Technology/Guggenheim 

coll . 

collective 

Aeronautical  Laboratory 

col lab 

coliaborator(s) 

CIT/JPL 

California  Institute  of 

colleen 

collection 

Technology/jet  Propulsion 

Colo 

Colorado 

Laboratory 

combd 

combined 

civ 

civil 

combn 

combination 

CK 

code  name  for  cyanogen 

combstn 

combustion 

chloride  gas  (CWA) 

CombZ 

combat  zone 

cl 

centiliter 

Comdg 

commanding 

Cl 

chlorine 

Comdr 

commander,  commadore 

CLR 

Chemical  Laboratory 

Comdt 

commandant 

Report  (Pic  Arsn) 

coml 

commercial 

cm 

centimeter 

Comm 

commission,  committee 

CM 

chemical  mortar 

comn 

communication 

CM 

court  martial 

comp 

composite 

CM  A 

Canadian  Manufacturers 
Association 

Comp  A- 1 
Comp  A-2 

1 

CMLC 

Chemical  Corps 

Comp  A-3 

CNES 

Companhia  Nacional  Explo- 

Comp  B 

Amer  explosive  compositions 

sivos  Seguran<j:a(Brazil) 

Comp  B-2 

> based  on  RDX  (see  the  text) 

CNQB 

Companhia  Nitro  Quimica 
Brasileira(Sao  Miguel,  Brazil) 

Comp  C 
Comp  C-2 

CNR 

Canadian  National  Railways 

Comp  C-3 

CNRS 

Centre  National  de  la  Re- 

Comp C-4 

cherche  Scientifique(Fr) 
(National  Center  for  Scien- 

Comp D-2 

binding  agent  and  desensitizer 
contg  paraffin,  NC  & lecithin 

tific  Research) 

compar 

comparative 

CNS 

desgn  for  chloroacetophenone 

compd 

compound 

+ chloropicrin  in  chlf  (CWA) 

compl 

complete 

CNTB 

choking,  nose,  tear  and 

compn 

composition 

blister  gases(CWS) 

compon 

component 

c/o 

care  of 

comprsn 

compression 

Co 

cobalt 

compc 

compartment 

CO 

Commanding  Officer 

CON 

cash  on  delivery 

Co 

Company 

con 

connect 

Co-bomb 

cobalt  bomb 

CON ARC 

Continental  Army  Command, 

COC 

Combat  Operations  Center 

Fort  Monroe,  Va 

COD 

cash  on  delivery,  collect  on 

cone 

concentrate(verb) 

delivery 

coned 

concentrated 

COD 

Charleston  Ordnance  Depot, 

concg 

concentrating 

N Charleston,  SC 

concln 

conclusion 

COD 

Chicago  Ordnance  District, 

concn 

concentration 

Chicago  6,  111 

cond 

conductor 

COD 

Cincinnati  Ordnance  District, 

condy 

conductivity 

Cincinnati  2,  Ohio 

conf  or  C 

confidential 

COD 

Cleveland  Ordnance  District, 

cong 

congress 

Cleveland  14,  Ohio 

conj 

conjugate 

coef 

coefficient 

conn 

connect(verb) 

COFORD  or) 

Chief  of  Ordnance 

Conn 

Connecticut 

C of  ORD  ) 

cons 

consult 
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consg 

consulting 

CP 

coton  poudre(Fr) (nitrocellulose) 

const 

constant’ 

CP, 

FrNC(12.96  to  13.4% N) 

constg 

consisting 

CP, 

FrNC(li.7  to  12.2%N) 

constrn 

construction 

CP, 

FrNC(11.5%N)(oId  designation) 

cont 

contain,  continue,  container 

CplOO 

carbon  pourcent  (Fr)(%  of  C) 

contd 

contained,  continued 

CPC 

common  pointed  capped  (shell)  (Brit) 

contg 

containing 

CPC 

Coors  Porcelain  Co,  Golden,  Colo 

cond 

continental 

Cpl 

corporal 

contn 

continuation 

CPO 

Chief  Petty  Officer 

contr 

contract,  contractor 

CPPA 

Canadian  Pulp  and  Paper  Association 

contrg 

contracting 

CPR 

Canadian  Pacific  Railway 

CONUS 

Continental  United  States  > 

CPRL 

Chemical  and  Physical  Research 

conv 

convenient 

Laboratories  (Australia) 

Convn 

Convention 

CPS 

Combined  Planning  Staff 

Co-op 

cooperation 

CP,/SD 

CP,  sans  disolvant(Fr)  (CP, 

Coopalite 

Belg  expl  contg  AN,  TNT, 

gelatinized  by  NG  using  no  solvent) 

NG  & wood  flour  (see  the  text) 

CPVA 

Chemisch-pbysikalische  Versuchsanst 

COORDBD 

Co-ordinating  Board 

Berlin  (see  also  CTR) 

coord  n 

coordination 

CP  VC 

chlorinated  polyvinyl  chloride 

Co-P 

copilot 

Cr 

chromium 

COP 

Cornhusker  Ordnance  Plant, 

CR 

complete  round 

Grand  Island,  Neb 

CRA 

complete  round  of  ammunition 

cor 

corrected 

C of  R 

center  of  resistance  or  drag 

Cordites 

Brit  propellants 

C of  R 

commencement  of  rifling 

CORG 

Combat  Operations  Research 

Cresylite 

code  name  of  2,4,6-trinitro-m-cresoI 

Group,  Fort  Monroe,  Va 

CrFol 

crown  folio(size  of  a book  9.5"  * 15") 

Cornw 

Cornwall,  Engl 

crge 

carriage 

Coronit 

Swed  for  PA 

CRH 

caliber-radius- he ad(r ad ius  of  curvature 

Corp 

corporation 

of  the  ogival  part  of  a shell  expressed 

corr 

correspond 

in  calibers) 

corrn 

corrosion 

crit 

critical 

cos 

cosine 

crkc 

crankcase 

CO  sc 

cosecant 

CRL 

Chemical  Research  Laboratory  (Brit) 

COSSAC 

Chief  of  Staff  to  Supreme 

CRS 

Canadian  Rocket  Society 

Allied  Commander 

Crs 

ere  sol 

cot 

cotangent  (see  also  ctn) 

CrsBl 

Cresol  Blue 

COW 

Cactus  Ordnance  Works, 

CRST 

cold- rolled  steel 

Dumas,  Tex 

cruc 

crucible 

COW 

Cherokee  Ordnance  Works 

cryst(s) 

crystal(s);  crystalline 

Danville,  Pa 

crystd 

crystallized 

cow 

Coventry  Ordnance  Works  (Brit) 

crystg 

crystallizing 

Cox 

coxswain 

crystn 

crystallization 

COXE 

Combined  Operations  Experi- 

Cs 

cesium 

mental  Establishment 

CS 

Chemical  Society(Brit) 

CP 

candle  power 

C/S 

Chief  of  Staff 

CP 

chamber  pressure,  chemically 

CS 

Civil  Service 

pure 

CSC 

cartridge  short  case 

CP 

common  pointed  (solid  pointed 

CSC 

Central  Scientific  Co,  Chicago  13,  III 

shell  having  low  armor 

CSC 

Civil  Service  Commission 

C/P  or  CP 

penetration  performance) (Brit) 

CSC 

Commercial  Solvents  Corp,  Terre  Haut< 

concr  ete-pierc  ing 

Ind  and  New  York  16,  NY 

C 

P 

constant  pressure 

CSE 

coefficient  de  self-excitation(Fr) 
(transmission  of  detonation  by  influenc 
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CSE 

Commission  des  Substances 

c veh 

Explosives(Fr) 

cw 

CSE(exposifs) 

explosives  developed  or 

CWA 

approved  by  the  CSE(eg  55* 

ewe 

CSE-1948)(see  the  text) 

CWRE 

CSG 

Combat  Service  Group 

CWS 

CSIR 

Council  for  Scientific  and 

Industrial  Research 

CWSA 

CSIRO 

Commonwealth  Scientific  and 
Industrial  Research 
Organization(Australia) 

cwt 

CSP 

cast  steel  plate 

Cy 

CSS 

cast  semi-steel 

cycl 

CST 

central  standard  time 

Cyclonite 

CSUSA 

Chief  of  Staff,  US  Array 

Cyclotol 

CSUSAF 

Chief  of  Staff,  US  Air  Force 

C/T 

controlled  target 

cyl 

CTA 

cyanuric  triazide 

CyOx 

CTC 

carbon  tetrachloride 

CZ 

CTF 

Commander  Task -Force 

ctge 

cartridge 

CZ 

Cz-Sl 

CTMTN 

cyclotximethylenetrinitramine 

(RDX) 

Ctn 

cotangent(see  also  cot) 

CTR 

Chemise  h’technische 

d 

Reichsanstalr,  Berlin 

d 

CTRA 

Coal  Tar  Research 

d 

Association(Brit) 

D 

CU 

Chicago  University, 
Chicago  37,  HI 

CU 

Cornell  University,  Ithaca, NY 

D 

cu 

cubic 

Cu 

cuprum(copper) 

D-2 

CD  A 

Catholic  University  of 

America,  Washington  17,  DC 

DA 

CuCTez 

copper  chlorotetrazole 

DA 

cu  cm 

cubic  centimeter 

DA 

cu  ft 

cubic  foot 

cu  in 

cubic  inch 

DA 

cu  m 

cubic  meter 

DA 

cum 

cumulative 

cup 

cubic  micron 

DA 

Cumb 

Cumberland,  Engl 

DAB 

cu  mm 

cubic  millimeter 

DAD 

CUP 

coefficient  d’utilisation 

DADNPh 

pratique(Fr  for  modified 
Trauzl  test  value, relative 

DAER 

to  PA  taken  as  100%) 

DAF 

curr 

current 

DAF 

cu  yd 

cubic  yard 

cv 

calorific  value 

DAI 

Cv 

constant  volume 

Dak 

combat  vehicle 
chemical  war(fare) 
chemical  warfare  agent 

Curtiss- Wright  Corp,  Woodridge,  NJ 
Chemical  Warfare  Royal 
Engineers(Brit) 

Chemical  Warfare  Service 
Chemical  Warfare  Service  Army 
hundredweight(used  to  designate 
different  guns  of  the  same 
caliber  by  indicating  their  weighf) 
cyan 
cyclic 

same  as  cyclotrimethylene- 
trinitramine  (RDX) 
cyclonite  + TNT 
cylinder 

symbol  for  tetrahydro-3,5* 
dinitro-l,3,5,2H-oxdiazine 
Canal  Zone(Panama) 

Combat  Zone 
Czecho-  Slovakia 

D 

density  (g/cc) 
dextrorotatory 
differential 

when  added  to  the  designation 
of  a Fr  propellant,  means  that 
DPhA  is  used  as  stabilizer 
(eg  BD,  BFD,  etc) 

Dunnite,  Explosive  D or 
ammonium  picrate 
'Mesensitizer  2”  (see  Comp  D-2) 
decontaminating  agent 
delay(ed)  action 

Department  of  the  Army  (formerly 
part  of  War  Dept) 

Detroit  Arsenal,  Centerline,  Mich 
direction  action(point  detonating 
fuze)  (Brit) 

Divisional  Artillery 

delayed  action  bomb 

Divisional  ammunition  dump 

diazodinitrophenol 

Dept  of  Aeronautical  Engineering 

Research  (Brit) 

delayed  action  fuze 

Dept  of  the  Air  Force  (formerly 

part  of  War  Dept) 

direct  action  impact(fuze) 

Dakota 
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DAM 

delayed  action  mine 

deg 

degree;  ° 

Dan 

Danish 

DEG 

diethyleneglycol 

DANC 

decontaminating  agent, 

DEGDN  or  I 

diethyleneglycoldinitrate 

non-corrosive . 

degn  j 

DanP 

Danish  Patent 

DEGMN 

diethyleneglycolmononitrate 

DART 

Code  name  of  an  Amer  missile 

dehyd 

dehydrate(d) 

DAS 

Direction  of  Armament  Supply(Brit) 

dehydn 

dehydration 

DASA 

Defence  Atomic  Support 

Del 

Delaware 

Agency  (formerly  AFSWP) 

deld 

delayed 

DATNB 

l,3-diamino-2, 4, 6- trinitrobenzene 

delq 

deliquescent 

DAV 

Disabled  American  Veterans 

delvd 

delivered 

DB 

depth  bomb 

demo 

demolition 

DB 

dive  bomber 

DEMS 

defensively  equipped  merchant  si 

DB 

double  barreled 

Denb 

Denbig shire,  Wales 

DB 

driving  band(rotaring  band) 

Densites 

older  Belg  mining  expls  (see  the 

DBP  or  DBuPh 

dibutylphthalate 

text) 

DBT 

Rus  expl  contg  DNB  & TNT 

dep 

departure 

DBX 

depth  bomb  explosive  (con  rains 

Dep 

depot 

AN,  RDX,  TNT  & Al)(see  also 

Dept 

department 

Mines) 

deptml 

departmental 

DC 

depth  charge 

Depy 

deputy 

DC  or  dc 

direct  current 

der 

see  deriv 

DC 

District  of  Columbia 

DER 

Destroyer  Escort  Radar  (vessel) 

DCA 

defense  contre  avion(Fr)  (anti- 

Derbs 

Derbyshire,  Engl 

aircraft  defense) 

deriv 

derivative 

DCC 

Dow  Chemical  Co,  Midland,  Mich 

derivn 

derivation 

DCDA 

dicyandiamide 

deserpn 

description 

DCDRD 

Director  of  Chemical  Defence 

desgn 

designation 

Research  & Developmenr(Brit) 

desic 

desiccator 

DCT 

depth  charge  thrower 

Designolle 

Fr  exp!s(see  the  text) 

DD 

Design  Dept(Brit) 

destn 

destination 

DD 

Fr  expls  contg  PA  & DNPh 

DETA 

diethylenetriamine 

(see  also  MBT) 

det(d) 

determine(d) 

DD  60/40 

Fr  expl  contg  60/40-PA/DNPh 

detg 

determining 

DPBSA 

Dupont  do  Brasil  Sociedade 

detn 

determination 

Anfinima  Industrias  Quimicas 

deton 

detonation;  detonates 

(Duperiol) 

detond 

detonated 

D-day 

Beginning  of  the  action  day 

detong 

detonating 

DDNP 

see  DADNPh(diazodinitrophenol) 

deton  vel 

detonation  velocity 

DEA 

diethanolamine 

Dets 

detachments 

Dec 

December 

DEUCE 

digital  electronic  universal  com- 

dec or  decomp 

decompose 

puting  engine 

Dechema  or  j 

Deutsche  Gesellschaft  fur 

dev 

device 

DE CHE MA  J 

Chemisches  Apparatewesen, 

devel 

develope(s) 

Frankfurt  a/Main,  Germany 

develt 

development 

decomp  or  dec 

decompose 

devn 

deviation 

decompd 

decomposed 

Devon 

Devonshire,  Engl 

decompg 

decomposing 

dext 

dextrinated 

decompn 

decomposition 

dextro 

dextrorotatory 

decent  n 

decontamination 

DF  or  df 

direct  fire 

def 

defence 

DF 

direction  finder 

defgr 

deflagrates 

DFR 

Director  of  Fuel  Research(Brit) 

defgrg 

deflagrating 

dftg 

drifting 

defgrn 

deflagration 

dg 

decigram 
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DGGM 

Director  General  of  Guided 

disd 

dissolved 

Missiles(Brit) 

Disol 

Ger  & Swiss  desgn  of  DNAns 

dgni 

diagonal 

disp 

dispersed 

D/H 

direct  hit 

displ 

displacement 

DGOF 

Director,  General  of  Ordnance 

dissoc 

dissociate(s) 

Factories(Brit) 

dissocd 

dissociated 

DGWRD 

Director  of  Guided  Weapons 

dissocn 

dissociation 

Research  & Development 

dist 

distance 

(Brit) 

distd 

distilled 

DI 

degradation  increase  (of 

distg 

distilling 

cellulose) 

disrn 

distillation 

Di 

Ger  & Swiss  desgn  of  DNT 

Distr 

district 

diag 

diagonal 

Ditetryl  or  j 

code  names  for  N,N’- 

diam 

diameter 

Octyl  1 

(hexanitrodiphenyl)- 

Diamin 

Ger  for  ethylenediamine- 

ethylenedinitramine 

dinitrate  (EDD) 

Dithekite  13 

code  name  for  liq  expl 

dibas 

dibasic 

contg  NB  & nitric  acid 

dicta 

dictaphone 

div 

divided 

dictn 

dictation 

Divn 

Division 

dicty 

dictionary 

divn 

division 

Didi 

Ger  & Swiss  desgn  of 

dk  or  drk 

dark 

degdn 

dkg 

dekagram 

diffc 

difficult(ly) 

dkl 

dekaliter 

diffr 

difference 

dkm 

dekameter 

dig 

digest 

DL 

dead  load 

dil 

dilute 

dlvd 

delivered 

dild 

diluted 

dm 

decimeter 

dilg 

diluting 

DMWD 

Dept  of  Miscellaneous 

diln 

dilution 

Weapons  Development  (Brit) 

dimin 

diminution 

DMXRD 

Director  of  Materials  & 

dimn 

dimension 

Explosives  Research  & 

Dimple 

Deuterium  Moderated  Pile, 

Development(Brit) 

Low  Energy,  Harwell,  Engl 

DN 

dinitro- 

DIN 

Deutsche  Industrie  Normen 

DN  or  Dn 

Fr  for  DNN  (dinitronaphtha- 

(German  Industry  Standards) 

lene) 

Dina 

Ger  for  dinitronaphthalene 

DNA 

dinitroanil  ine 

DINA 

diethanolnitramine  dinitrate 

DNAcet 

dinitroacetone 

Dinamaito 

Jap  for  dynamite 

DNAns 

dinitroamsole 

Dinitryl 

code  name  for  glycero-a- 

DNB 

dinitrobenzene 

2, 4-din  irrophenyl  ether  di- 

DNBA 

dinitrobe  nzaldehyde 

nitrate 

DNBAc 

dinitrobenzoic  acid 

Dinol 

designation  for  diazodinitro- 

DNC 

Dept  of  Naval  Construction 

phenol 

DNCPB  on 
DNCB  f 

d in  itro  chlorobenzene 

dir(d) 

direct  (ed) 

DPrGcDN 

dipropyleneglycol  dinitrate 

DNCPH  or  1 

dinitrochlorohydr  in 

Dir 

Director 

DNCH  ' 

dirn 

direction 

DNCrs  or  DNC 

dinitrocresol 

dis 

dissolve(s) 

DND 

Dept  of  National  Defence 

Di-salt 

dimethyl  ammonium  nitrate 

(Canada) 

(see  PATR  2510,  p Ger  37) 

DNDAPh  or ) 

dinitrodiazophenol 

disc 

discount 

DNDAP  ) 

discon 

disconnect 

DNDMOxm  orl 

d initroo . /.ethyloxamide 

discond 

disconnected 

DNDMeOxm  j 

(see  also  MNO) 

discont(d) 

discontinue  (d) 
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DNDMSA  or  1 

d in  itr  od  i met  hylsulf  amide 

DPB 

deep  penetration  bomb  (Brit) 

DNDMeSA  J 

DPE 

d ipentaery  thritol 

DNDPhA 

din  itrodiphenyl  amine 

DPEHN 

dipentaerythritolhexanitrate 

DNEUorDNEteU  dinitroethyleneurea 

DPG 

Dug  way  Proving  Ground,  Utah 

DNF 

dinitrofurane 

DPhA 

diphenylamine 

dng 

diglycerindinitrate 

DPT  or  DNPT 

dinitropentamethylenetetramine; 

DNG 

code  name  for  NG,contg  di- 

2,6-dinitro(bicyclo)pentamethylene- 

glycerindinitrate  serving  as 

2,4,6,8-tetramine  or  3,7-dinitro- 

an  antifreeze 

l,3,5,7-tetraza-bicyclo[3,3,l]  nonan 

DNGcU 

dinitroglycoluril 

Dr 

Doctor 

DNM  or  DNMe 

dinitromethane 

dr  ap 

dram  apothecaries  (0.0355  deciliter 

DNMeA  or  DNMA 

dinitromethylaniline 

dr  av 

dram  avoirdupois  (1.7718  gram) 

DNN 

dinitronaphthalene 

DRB 

Defence  Research  Board  (Canada) 

DNN 

dinitronaphthol 

DRBC 

Defence  Research  Board  of  Canada 

DNO 

Directorate  of  Naval  Ordnance 

DRCL 

Defence  Research  Chemical 

DNPF 

b i s (d  in  i trop  r opy  1 )-f  um  ar  at  e 

Laboratories  (Canada) 

DNPh 

dinitrophenol 

DRD 

Design  Research  Division 

DNPN 

bis(dinitropropyl)-nitramine 

DRD 

Directorate  of  Research  and  Devel- 

DNPS 

dinitropropylsuccinate 

opment  (US  Air  Force) 

(see  the  text) 

DRF 

Deutsche  Rezeptformeln  (German 

DNPT 

see  DPT 

Pharmacopeia) 

DNPTB 

dinitropropyl-trinltrobutyrate 

DRI 

Denver  Research  Institute,  Univ 

(see  the  text) 

of  Denver,  Denver  10,  Colo 

DNR 

dinitroresorcinol 

drk 

dark 

DNT 

dinltrotoluene 

DRKL 

Defence  Research  Kingston 

DNX 

dinitroxylene 

Laboratory  (Canada) 

DO 

Defence  Order 

DRML 

Defence  Research  Medical 

doc 

document 

Laboratories(Canada) 

DOD 

Detroit  Ordnance  District, 

DRNL 

Defence  Research  Northern 

Detroit  31,  Mich 

Laboratory(Canada) 

DOFL 

Diamond  Ordnance  Fuze 

drtr 

dram  troy 

Laboratory,  Washington  25,  DC 

DS 

discarding  sabot 

dom 

domestic 

DSI 

duration  of  sustained  injection 

Dom 

Dominion 

(Rocketry) 

Donarit 

expl  contg  AN,  TNT,  NG,  CC  & 

DSIR 

Dept  of  Scientific  and  Industrial 

vegetable  meal  (see  the  text) 

Research(Brit) 

Dors 

Dorsetshire,  Engl 

dsir/tidu 

DSIR  Technical  Information  and 

DOS 

Dept  of  State 

Documents  Unit(Brit) 

DOS 

Director  of  Ordnance 

DSIS 

Defence  Scientific  Information 

Services(Brit) 

Service(Canada) 

DOT 

direct  oxidation  test 

DSP 

Direction  du  Service  des  Poudres(Fi 

DOV 

distilled  oil  of  vitriol 

DSR 

Director  of  Scientific  Research  & 

(96%HaSO<) 

Experiments  Dept  (Naval) 

DOVAP 

Doppler  Velocity  and  Position 

DST 

daylight  saving  time 

(see  also  EXRADOPjKOTAR 

DST 

double  set  trigger 

and  UDOP) 

DSWV 

Directorate  of  Special  Weapons  and 

do  2 

dozen 

Vehicles(Brit) 

DP 

deck-piercing 

DTM 

Directorate  of  Torpedoes  and  Mines 

DP 

displaced  person 

(Brit) 

DP 

degree  of  polymerization 

Dualines 

older  Swed  expls(see  the  text) 

DP 

distribution  point  (for 

duct 

ductile 

supplies) 

DUKW 

''Duck'* (amphibian  vehicle) 

DPA 

see  DPhA(diphenylamine) 

Dumb 

Dumbarton,  Scotland 
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Dumf 

Dumfried,  Scotland 

Echos  or  ^ 

Fr  & Ital  expl(see  the  text) 

Dunnite 

Amm  picrate  or  Exp!  D 

Escho  ) 

dupl 

duplicate 

ECNR 

European  Council  for  Nuclear 

duPont 

E.LduPont  de  Nemours  & Co, 

Research 

Wilmington,  Del 

ECPI 

Eastman  Chemical  Products, 

DV 

dymoobrazuyushcheyiye  vesh- 

Inc,  Kingsport,  Tenn 

chestvo(Rus)(smoke  agent) 

Ecrasite 

Amm  trinitrocresylate 

DVA 

Department  of  Veterans  Affairs 

ECS 

Electrochemical  Society 

DVV 

drobiashcheye  vzryvchatoye 

ed 

editor 

veshchestvo(Rus)  (brisant 

ED 

effective  dose 

explosive) 

ED 

electron  device 

D- wave 

detonation  wave 

edd 

edited 

DWE 

Director  of  Weapons  and 

EDD 

ethylenediaminedinitrate 

Equipme  nt(Brit) 

EDF 

European  Defence  Force 

DWR(D) 

Director  of  Weapons  Research 

edn 

edition 

(Defence)  (Brit) 

EDNA 

ethylenedinitramine(same  as 

dwt 

penny  we  ight(  1.55  gram) 

Haleite) 

Dy 

dysprosium 

EDNATOL 

EDNA+TNT 

dyn 

dynamite 

EDTA 

ethylenediaminetetracetic  acid 

Dynamit  F 

Swiss  dynamite  with  65%NG 

EDVAC 

electronic  discrete  variable 

Dz 

diazole 

automatic  calculator 

DZ 

dropping  zone 

EEI 

Edison  Electric  Institute 

EES 

Engineering  Experiment 

E 

Station,  Annapolis,  Md 

EF 

effective  fire 

E 

East 

EF 

Expeditionary  Forces 

E 

electromotive  force 

EF 

Fr  propellant  for  blank  fire 

E 

(suffix)  denotes  an 

EFC 

equivalent  full  charges 

experimental  variation  of 

(number  of  firings  with  full 

an  ordnance  item 

charges;  a Brit  term  used  to 

e 

electron  or  its  charge 

assess  the  life  of  a gun) 

E 

energy 

effl 

efflorescence 

e 

erg 

effy 

efficiency 

E 

Jap  & Swiss  explosives 

EFM 

Engineering  Field  Manual 

(see  the  text  and  PATR 

EGDN‘ 

ethyleneglycoldinitrate 

907) 

EHP  or  ehp 

effective  horsepower 

E 

Young’s  modulus 

El 

end  of  injection  (Rocketry) 

ea 

each 

eject 

ejector 

EA 

Edgewood  Arsenal,  Md 

EKC 

Eastman  Kodak  Co,  Rochester,  NY 

(see  also  ACC) 

Ekrasit 

Ger  for  Amm  trinitrocresylate 

EAON 

except  as  otherwise  noted 

EL 

Eastern  Laboratory,  Gibbstown, 

EB 

Encyclopedia  Britannica 

NJ  (DuPont  Co) 

E-boat 

enemy  boat  (torpedo) 

elec  or  electr 

electric(al) 

EC 

"Explosive  Company" 

elem(s) 

element(s) 

(Brit  propellant  invented 

elevn 

elevation 

in  1880)  (see  the  text) 

EIP 

electric  primer 

EC(Blank  Fire) 

propellant  contg  GC,  Ba  & 

eman 

emanation 

K nitrate,  starch,  DPhA 

emf 

electromotive  force 

and  Aurine) 

EMFWK 

Eidgendssische  Munition sfabrik 

ECARL 

expandable  cluster 

und  Waffenkontrolle,  Alldorf  (Swiss 

aircraft  rocket  launcher 

Govt  Munition  Plant  and  Arms 

Inspection) 
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emgcy 

emergency 

Hr 

erbium 

EMMET 

ethyltrimethylolmethane 

ERA 

Engineering  Research  Associati 

trinitrate  or  1,1,1-trimethylolpro- 

ERAMA 

Enfield  Royal  Arms  Manufacturi 

pane  trinitrate 

Arsenal,  England 

Emp 

Emperor,  Empire 

ERDC 

Evans  Research  & Development 

en 

etbylene<iianiine(used  in 

Corp,  New  York  17,  NY 

formulas  only) 

ERDE 

Explosives  Research  & Devel- 

Encyc 

encyclopedia 

opment  Establishment,  Ministry 

Energa 

Belg  A/T  rifle  grenade 

of  Supply,  Waltham  Abbey,  Ess, 

eng 

engine 

Engl 

Engl 

England 

ERDL 

Engineering  Research  & Devel- 

Engr 

engineer 

opment  Laboratories,  Fort 

engrg 

engineering 

Belvoir,  Va. 

Engrs 

Engineers(troops) 

EREC 

Esso  Research  & Engineering 

EMI  AC 

electronic  numerical  integrator 

Co,  Linden,  Nj 

and  computer 

ERETS 

Experimental  Rocket  Engine 

Enl 

enlisted 

Test  Station 

Ennayaku 

Jap  expl(see  the  text) 

ERG 

Explosives  Research  Group, 

Ens 

ensign 

Utah  Univ 

EO 

"explosion  only  "(Brit )(a 

ERJ 

Engineering  Research  Institute, 

very  inferior  explosion  in- 

Univ of  Michigan,  Ann  Arbor, 

sufficient  to  be  classed  as 

Mich 

a low  order  detonation) 

ERL 

Explosives  Research  Laboratory 

EOC 

Elswick  Ordnance  Co, 

Bruceton,  Pa(exjsted  during 

Subsidiary  of  Armstrong, 

WW  II) 

Elswick,  Engl 

ERRL 

Eastern  Regional  Research 

EOCD 

Eastman  Organic  Chemicals 

Laboratory 

Dept,  Rochester  3,  NY 

ErTeN 

erythritol  retranitrate 

EOD 

Erie  Ordnance  Depot,  Port 

ESA 

Explosivos  Sociedad  Anonima 

Clinton,  Ohio 

(Lurin,  Peru) 

EODT 

Explosives  Ordnance 

Escho 

same  as  Echo 

Disposal  Team,  formerly  BDS 

ESP 

end  of  sustained  pressure 

EOR 

Explosives  Ordnance  Recon- 

(Rocketry) 

naissance 

esp 

especially 

EP 

English  Patent(see  BrP) 

Ess 

Essex,  Engl 

EP 

Ital  initiator  for  shaped 

EST 

Eastern  standard  time 

chge  projs  (original  type) 

est 

estimate(verb) 

EPA 

European  Producing  Agency 

estb(d) 

establish(ed) 

EPF 

electrical  percussion  fuze 

estd 

estimated 

EPF 

Emery  Paper  Figure(Brit) 

estg 

estimating 

EPFW 

Eidgenossische  Pulverfabrik 

est  n 

estimation 

in  Wimmis(Bern) (Swiss 

esu 

electrostatic  unit 

Govt  Powder  Plant) 

Et  or  et 

ethane 

epm 

explosions  per  minute 

Et  or  et 

ethyl(CjHs  ) 

EPS 

Ital  initiator  for  shaped 

et  a] 

et  a!ii(Lat)(and  others) 

chge  pro js  (improved  type) 

et  acet 

ethyl  acetate 

eq 

equal 

et  ale 

ethyl  alcohol 

eqn(s) 

equat  ion(s) 

ete  or  et 

ethylene 

EqS 

equivalent  to  sheathed 

eth 

ether 

(explosives) 

Ethyltetryl 

N,2,4,6-tetranitrderhyIaniline- 

equil 

equilibrium 

etl 

ethanol 

equim 

equi  molecular 

ETOUSA 

European  Theater  of  Operations, 

equiv 

equivalent 

US  Army 
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ec  passim 

and  here  and  there" 

F 1 

field 

Ets 

Etablissement(Fr)  (F  irm) 

F 

fleet 

et  seq 

et  sequentia  (Lat)  (and  the 

F 

fluorine 

following) 

f or  ft 

foot 

ETT 

Explosion  Temperature  Test 

F 

force 

El) 

effect  utile,  also  called 

f 

force  specifique  (Fr)( specific 

travail  pratique  (see  the  text)(Fr) 

force) 

Eu 

europium 

f 

frequency 

Eur 

Europe 

f 

fugacity 

ev 

electron  volt(s) 

F 

fugasnyi(Rus)(of  great  heaving 

evac(d) 

evacuated(d) 

effect) 

evap(d) 

evaporate(d) 

F or  Fz 

fuxe 

evapg 

evaporat  ing 

FA 

Field  Artillery 

evapn 

evaporation 

F/A 

fighter  aircraft 

evoln 

evolution 

FA 

fixed  ammunition 

EWD 

Economic  Warfare  Division 

FA 

Frankford  Arsenal, Phila, Pa 

EWT 

Eastern  winter  time 

F/a 

fuel- air  (ratio) 

ex(s) 

example(s) 

FAC 

Federal  Atomic  Commission 

Ex 

a Greek  prefix  meaning  "out  of” 

FAD 

Field  Ammunition  Depot 

exam(d) 

examine(d) 

FADC 

First  Aid  and  Decontamination 

examg 

examining 

Center 

examn 

examination 

FAdm 

Fleet  Admiral 

Exc 

Excellency 

FAFM 

Field  Artillery  Field  Manual 

exc 

excellent 

FAIF 

F abbrica  Automobili  Isotta- 

exch 

exchange 

Fraschini  (Ital) 

exd 

exclusive 

FAM 

fast  air  mine 

excld 

excluded 

FAN 

first  aid  nurse 

Exogene 

Ital  for  cyclonite 

FAP 

First  Aid  Post 

exp 

exponent 

FAP 

forward  ammunition  point 

expl 

explode(s) 

FAS 

forward  area  sight 

expl(s) 

explosive(s) 

FASP 

final  average  sustained 

expld 

exploded 

pre  ss  ure  (Ro  ck  etry ) 

Expl  D 

ammonium  picrate 

fath 

fathom(182.5cm) 

explg 

exploding 

F avier(explosifs) 

Belg  & Fr  expls(see  the  text) 

expln 

explosion 

FB 

fighter  bomber 

expr 

exploder 

FB 

flying  boat 

expt 

experiment 

FB 

fragmentation  bomb 

exptl 

experimental 

FB,  FB-I 

Ital  solventless  propellants 

ext 

external 

FBB 

free  balloon  barrage(Brit) 

extr 

extract 

FBI 

Federal  Bureau  of  Investigation 

EXTRADOP 

Extra  Doppler  (cf  DOVAP)  v 

fbp 

final  boiling  point 

extrd 

extracted 

FC 

Fort  Custer,  Mich 

exog 

extracting 

FC-4(poIvere) 

Ital  solventless  propellant 

extrn 

extraction 

FCC 

Federal  Communications 
Commission 

F 

FCDA 

Federal  Civil  Defence 

°F 

degree  Fahrenheit 

Administration 

F 

Farad 

FCO 

firing  control  order 

f 

fathom(182. 5cm) 

FCS 

Fellow  of  Chemical  Society(Brit) 

F 

F ebruary 

fcst 

forecast 

F 

fellowjmember  of  an 

fcty 

factory 

association 

FD 

Field  Depot 

f 

female 

FD 

Fire  Department 
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FD 

fuze  delay 

Fl 

fluorine 

FDC 

firing  data  computer 

FLA 

First  Lord  of  the  Admiralty  (Brit) 

fdg 

fading 

Fla 

Florida 

f dr 

fluid  drachm(0. 00355  1) 

Flak  or  FLAK 

Flugabwehrkanone(Ger)(AA  cannon) 

F-drive 

front  drive 

flam 

flammable 

Fdry 

foundry 

Flammivore 

Belg  safety  expl(see.  the  text) 

FE 

Fabrica  de  Estrela(Vila 

flex 

flexible 

Inhomerin,  Brazil) 

Fig 

Flagship 

FE 

Far  East 

flge 

flange 

Fe 

ferrum(Lat)  (iron) 

floe 

flocculent 

FE 

Fleet  Engineer 

fl  oz 

fluid  ounce(0.02957  1)  in  USA  and 

Fe,  Fe  2,  j 

Ital  double  base  propellants 

0.02841  I in  GtBrit) 

Fe  3,  Fe  4J 

(see  the  text) 

FLP 

Fabrica  Lusitania  de  Polvora 

Feb 

February 

(Portugal) 

Fed  or  Fedl 

Federal 

flp 

flash  point 

FEMW 

Field  Engineering  and 

flshls 

flashless 

Mine  Warfare(Brit) 

flwg 

following 

FF 

flying  fortress 

FM 

Field  Manual 

ff 

and  the  following  pages 

FM 

Field  Marshall 

FG 

field  gun 

FM 

force-majeure(Fr)  (disaster) 

FG 

fog  gun 

FM 

frequency  modulation 

FGAN 

fertilizer  grade  ammonium 

FM 

fulminate  of  mercury(see  MF) 

nitrate 

FM 

symbol  for  titanium  tetrachloride (CWA 

FH 

foghorn 

FMP 

full  metal  patched(bullet) 

FHA 

Federal  Housing  Adminis- 

FN 

flat-nosed 

tration 

FN(fusil) 

current  Belg  cal  .30  rifle 

Fi,  fi 

fighter 

(see  the  text) 

FI 

Figure  of  Insensitiveness 

FNA 

fuming  nitric  acid 

(Brit)  (see  the  text) 

FNAG 

Fabrique  Nationale  d’Armes  de 

fi 

for  instance 

Guerre,  Herstal,  Liege,  Belgium 

FI 

Franklin  Institute,  Phila3,Pa 

fnd 

found 

FI 

fuze,  instantaneous 

fndn 

foundation 

FIAT 

Field  Information  Agency, 

FNEA 

Fabrica  Naval  de  Explosivos, 

Technical 

Azul  (Argentina) 

FIAT 

Fabbrica  Italians  Automobili, 

FNH 

flashless,  non  hygroscopic 

Torino(Italy) 

(propellant) 

FID 

fuze,  instantaneous  detonating 

FNMAL 

Fabrica  Nacional  de  Muni<poesde 

fig(s) 

fig  ure(s) 

Armas  Ligeiras  (Portugal) 

file 

filter 

fn  p 

fusion  point 

filte 

filtrate 

FNP 

Ital  expl  contg  AN,  PETN  & wax 

filtn 

filtration 

FNP 

Fabrica  Nacional  de  Polvora,  near 

FIMC 

Fabbrica  Italians  Micce  di 

Mexico  City 

Casale(Ital) 

FNRL 

Fixed  Nitrogen  Research  Laboratory 

fin 

finance 

FNV 

Fabrica  Nacional  de  Valla dolid(Span) 

fisc 

fiscal 

FO 

Foreign  Office(Brit) 

FIU 

Fighter  Interception  Unit 

FOD 

Field  Ordnance  Depot 

Fivolite 

code  name  for  tetramethylol- 

folw 

follow 

cyclopentanol  pentanitrate 

folwg 

following 

or  nitropentanol 

Forcices 

Belg  Si  Swed  expls(see  the  text) 

Fivonite 

code  name  for  tetramethylol- 

forg(s) 

forging(s) 

cyclopentanone  tetranitrate 

Formit 

mixt  of  MAN- salt,  AN  & Tri-salt  (see 

or  nitropentanone 

PATR  2510,  p Ger  52) 

fl 

fluid 

formn 

formation 

fort 

fort,  fortification 
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Fort 

fortress 

FSL 

First  Sea  Lord  (Brit) 

Fortex 

older  Fr  AN  expls(see  the  text) 

FT 

firing  tables 

FOSDIC 

film  optical  sensing  device 

FT 

flame  temperature 

for  input  to  computers 

FT 

flame  thrower 

FP 

firing  point 

ft 

foot;  feet 

FP 

fission  product 

FTB 

fleet  torpedo  bomber 

FP  or  Fp 

Fiillpulver  (Get  for  filler) 

FTC 

Federal  Trade  Commission 

FPEG 

Fabrica  de  Polvoras  y 

ft-c 

foot  candle 

Explosivos  de  Granada  (Span) 

FtD 

Fort  Dix,  New  Jersey 

FPL 

Forest  Products  Laboratory 

FTD 

fuze  time  difference 

FPM 

Fdbrica  de  Pdlvoras  de 

FtKn 

Fort  Knox,  Ky 

Murcia  (Span) 

ft-lb 

feet  pounds 

1pm 

feet  per  minute 

ft-lb/  min 

feet  pounds  per  minute 

FPRL 

Forest  Products  Research 

ft-lb/  sec 

feet  pounds  per  second 

Laboratory  (Brit) 

ft/  min 

feet  per  minute 

fps 

feet  per  second 

FtSam 

Fort  Sam  Houston,  Tex 

FPV 

Fabrica  Presidente  Vargas 

ft/  sec 

feet  per  second 

(Piquette,  Brazil) 

FtTh 

Fort  Thomas,  Ky 

fr 

franc(Fr) 

fumg 

fuming 

Fr 

France;  French 

Fus 

fusil  age 

Fractorites 

Belg  expls  (see  the  text) 

fusn 

fusion 

frag 

fragile 

FUSAG 

First  United  States  Army  Group 

fragm 

fragment 

FVRDE 

Fighting  Vehicles  Research  & 

fragn 

fragmentation 

Development  Establishment  (Brit) 

FRB 

Fire  Research  Board(Brit) 

fut 

future 

FREL 

Felt  man  Research  & 

FW 

fog  whistle 

Engineering  Laboratories,  Pic- 

FYr 

fiscal  year 

Arsn,  Dover,  NJ 

fz  or  F 

fuze 

freqy 

frequency 

Frl 

Friday 

G 

fricn 

friction 

FRITALUX 

France,  Italy  and  Benelux 

G 

gauge(pressure  above  atm) 

Countries 

G 

gauss 

FrP 

French  Patent 

G 

Geiger 

Ir  p 

freezing  point 

G 

gheksoghen(Rus)(hexogen)(RDX) 

FRS 

Federal  Reserve  System 

G 

ghil ’za(R us) (cartridge  case) 

FrT 

Fragmentation  Test 

G 

glycerin,  glycerol 

FrV 

fragment  velocity 

6 

grams(s) 

fs 

feet  per  second 

G 

granata(Rus)  (grenade) 

FS 

Faraday  Society(Brit) 

G 

granata  betonnoboynaya(Rus) 

FS 

Field  Service  (Brit) 

(concrete-piercing  projectile) 

FS 

fin- stabilized 

G 

gun 

FS 

fog  siren 

G 

Span  single-base  rifle  propellant 

FS 

US  desgn  for  smoke- 

Ga 

gallium 

producing  liq  mixt  of 

Ga 

Georgia 

SO,  & S0,HC1  (CWA) 

GAC 

Goodyear  Aircraft  Corp,  Akron 

FS 

Foreign  Service 

15,  Ohio 

fs 

fuse 

GAFC 

General  Aniline  & Film  Corp, 

FSB 

Federal  Specification  Board 

New  York  14,  NY 

FSB 

Field  Selection  Board 

GALCIT 

Guggenheim  Aeronautical  Lab- 

FSC 

Fisher  Scientific  Co, 

oratory  of  the  California  Insti- 

Pittsburgh 19,  PA 

tute  of  Technology,  Pasadena, 

FSD 

Field  Supply  Depot 

Calif 
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GAM 

guided  air  missile 

Gen 

General 

Gamsit 

Swiss  expl  (see  the  text) 

GEO 

Ital  gelatin  blasting  expl  contg  NG 

GAP 

gun  aiming  point 

geol 

geological 

GAP 

gun  aiming  post 

GEOM 

Ital  same  type  of  expl  as  GEO 

GAPA 

ground-to-air-pilotless 

Ger 

German;  Germany 

aircraft 

g-g  or  GG 

green- green(double  star  rocket)(AC 

GaR 

Garand  rifle 

g gr 

great  gross(12  gross;  1728) 

GAR 

guided  air  rocket 

GH 

gun  howitzer 

Garr 

garrison(Brit) 

GHQ 

General  Headquarters 

gas 

gasoline 

GI 

Government  issue(also  nickname 

Gaub 

gaubitsa(Rus)  (howitzer) 

for  an  Amer  soldier) 

Gaz 

Gazette(Brit  Govt  publication 

g/1 

gram/liter 

Gazz 

Gazzetta  (Ital) 

GL 

grenade  launcher 

GB 

glider  bomb 

GL 

gun  limber 

GB 

See  GtBrit(Great  Britain) 

glac 

glacial 

GB 

gunboat 

GLEEP 

Graphite  Low  Energy  Experimental 

GBC 

green  bag  charge(used  in 

Pile 

Amer  separate-loading 

GLMC 

Glen  L.  Martin  Co,  Baltimore?,  Md 

ammunition) 

Glos 

Gloucestershire,  Engl 

Gc 

glycol 

GLR 

General  Laboratory  Report  (PicArsi 

GC 

gun  control 

GLTN 

glyCerinlactatetrinitrate 

GC 

guncotton 

glyc 

glycerol 

GCA 

Geneva  Convention  Act 

GM 

guided  missile 

g-cal 

gram-calorie 

GM 

gun  metal 

GCB 

ground  contamination  bomb 

G-Man 

Govt  man(FBI  agent) 

GCC 

Goodrich  Chemical  Co, 

GMJ 

gilding  metal  jacket  (of  a bullet) 

Avon  Lake,  Ohio 

GMLTeN 

glycerin  monolactate  tetranitrate 

g/cc 

grams  per  cubic  centimeter 

g-mol 

gram-molecule 

GcDN 

glycol  dinitrate 

gmv 

gram  molecular  volume 

GCL 

Gibbs  Chemical  Lab,  Harvard 

gnd 

ground 

Univ,  Cambridge,  Mass 

gnde 

grenade 

GCM 

General  Court  Martial 

Gnr 

gunner 

GCRC 

Goodrich  Research  Center, 

GOC 

General  Officer,  Commanding 

Brecksville,  Ohio 

Gomme(explosifs) 

Fr  gelatin  dynamites 

GCT 

General  Classification  Test 

GOP 

Gulf  Ordnance  Plant,  Aberdeen,  Mi 

GcTNB 

glycol  trinitrobutyrate 

Gov 

Governor 

Gd 

gadolinium 

gov 

governor(mechanical) 

GD 

gelatin  dynamite 

Govt 

Government 

GD 

General  Depot 

GovtPrtgOff 

Government  Printing  Office, 

GD 

grenade  discharger 

or  GPO 

Washington,  DC 

GD 

ground  defence 

GP 

general  purpose 

GDI;  GD2; GDII 

Ital  gelatin  blasting 

GP 

Ital  sporting  propellant 

expls  contg  NG 

GP  A 

Glycerine  Producers 

GDIM 

same  as  above 

Association,  New  York  17,  NY 

GDN 

see  GcDN  or  NGc 

GPB 

general  purpose  bomb 

GE 

gas  ejection 

GPH 

gallons  per  hour 

GE 

General  Electric  Co 

GPO 

General  Post  Office 

Ge 

germanium 

GPO 

See  GovtPrtgOff 

gelac 

gelatinous 

gr 

grain(sX0.0648gram) 

Gelatine-  \ 

Swiss  expl  (see  the  text) 

gr 

grey 

Aldorfit  j 

gr 

Gross(12  dozen=144) 

Geiatin-Cheddite 

Swiss  chlorate  expl(see  the  text) 

GR 

gunnery  range 

gen 

general 

Grakrulc 

older  Swed  propellant  (see  the  text] 
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gran 

granular 

HA 

Halstead  Arsenal,  Fort  Halstead, 

kiiiu  luucti  ^uipiuviu 

ITi»nf  Fnol 
— "ft* 

GrF 

grazing  fire 

HA 

heavy  artillery 

Grf  88 

Ger  for  PA 

ha 

hectare 

Grisou(dynamites)  Fr  permissible  dynamites 

HA 

high  angle(for  antiaircraft) 

Grisonites;  j 

Fr  & Belg  permissible 

HAA 

heavy  antiaircraft  artillery 

Gri  soutines; ' 

L explosives  (see  the 

fiAi> 

high  altitude  bombing 

Grisoutites  J 

1 text) 

HAC 

Hague  Arbitration  Convention 

trrn 

areen 

HAC 

Hughes  Aircraft  Co,  Colver 

grnd 

ground 

City,  Calif 

Gs 

gauss 

HACSIR 

Honorary  Advisory  Council 

GS 

general  service(Brit) 

for  Scientific  and  Industrial 

GS 

General  Staff 

Research  (Canada) 

GS 

gun  sight 

HADC 

Holloman  Air  Development  Ceuici 

G-salt 

nitroguanidine  (see  NGu) 

HADN 

hexamine  dinitrate 

GSC 

green  star,  cluster 

Haensosan-l 

Jap  expl  (see  the  text) 

GSP 

green  star,  parachute 

bakuyaku  I 

G-suit 

gravity  suit 

Haishakuyaku 

Jap  expl(see  the  text) 

Gt 

Great(as  GtBrit) 

Halelite 

same  as  EDNA 

GT 

gun  turret 

Harb 

harbor 

/vr  nun 

'J  JL  111^ 

ciTmk/^l  fnr  a n £> a1  tf/1* /'ll i ^ 

L>  J iiiL/Vl  A VL  V bil)r  AUUV^l)  Sr  V*  V»4- 

Harr  j site 

e O m O O ci  ^ /smrt  A 

OMiniv  wa  — * 

trinitrobutyrate(classified) 

HB 

hollow  base  (bullet) 

Gu 

guanidine 

H-bomb 

hydrogen  bomb 

guar 

guarantee 

HBr 

hardness,  Brinell 

Guate 

Guate  mala 

HBRA 

Howitzer  Battery  Royal 

Guer 

Guernsey 

Artillery  (Brit) 

GW 

guided  weapon 

HBX 

high  blast  explosives(torpex 

r:Wy.A 

flrgQf  ffior  V rt  0 jA  SS0C1  10*4 

funn  pvrsl  c\ 

(of  Canada) 

HC 

hexachioroethane(  smoke) 

Gy 

gunnery 

HC 

high  cap  a city  (bomb) 

gyro 

gyroscope 

HCC 

Harshaw  Chemical  Co(see  UCCC) 

Hd 

hogshead(238  1 in  USA  and 

n 

286.4  I in  GtBrit) 

HD 

Home  Defence(Brit) 

H 

hardness 

HD 

horse-drawn 

H 

headquarters 

HD 

symbol  for  Mustard  Gas, 

H 

henry 

distilled(blister  gas)  (CWA) 

H 

hexa 

hdbk 

handbook 

H 

hotter  variety  propellants 

He 

helium 

\lj  in; 

UC 
1 1U 

htgiT^lSpiuSlvc 

h 

hour 

HEAP 

high-explosive,  armor- 

H or  How 

howitzer 

piercing 

H 

hydro- 

HEAT 

high-explosive,  antitank 

H 

hydrogen 

HEBD 

high-explosive,  base  detonating 

H 

code  name  for  mustard  gas 

HEC 

Halstead  Exploiting  Centre(Brit) 

Ha 

Jap  expl  known  also  as 

HE  DA 

high-explosive  delayed  action 

l4.*lTnnofi 

HEF 

h 1 O K-  P ft-d 

H-6 

Amer  expl  (classified) 

(bomb) 

H-8 

double-base  propellant 

HEH 

high- explosive,  heavy  (projectile) 

H-16 

symbol  for  2(or4)-aceryI 

HEI 

high- explosive,  incendiary 

-4(or  2),6,8-trinitro-2,4,6,8* 

HEIA 

high- explosive  immediate  action 

Lcua^aiiuinautr  A. , /"UiVi 

nciuciyaKli 

jap  for  crinitrophenetoie 

diacetate 

HEI-T 

high-explosive,  incendiary 

with  tracer 
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HELC 

high-explosive,  long  case 

HIHM 

Hollandsche  Industrie  und  Ha 

Helv 

HeIvetica(Swiss)(adj ) 

Maatschappij  (Dutch) 

HEP 

high-explosive,  plastic 

hi 

hectoliter 

(corresponds  to  Brit  HE/SH) 

HM 

His  (or  Her)  Majesty's  (Brit) 

HEPL 

High  Energy  Physics  Laboratory 

HM 

hydrazine  mononitrate 

HEP-T 

high- explosive,  plastic  with 

HMAC 

House  Military  Affairs  Commit 

tracer 

hmd 

humid 

Heptryl 

code  name  for  2,4,6- 

HMF 

His(or  Her)  Majesty's  Force 

trinitrophenyl-trimethylol- 

(Brit) 

methylnitramine  trinitrate 

HMG 

heavy  machine-gun 

Heref 

Herefordshire,  Engl 

HMG 

His  (or  Her)Majesty's  Govern- 

Herts 

Hertfordshire,  Engl 

ment(Brit) 

HES 

Hercules  Experiment  Station, 

HMS 

His(or  Her)  Majesty's  Service 

Woodale,  Del 

(Brit) 

HES 

high-explosive  shell 

HMS 

His(or  Her)  Majesty's  Ship 

HE/SH 

high-explosive  squashhead 

(Brit) 

(Brit)  (corresponds  to  Amer 

HMSO 

His(or  Her)  Majesty's  Statione 

HEP) 

Office  (Brit) 

HE-T 

high- explosive  with  tracer 

HMT 

see  HMTeA 

hex 

hexagonal 

HMTD 

see  HMTPDA 

HEX 

high  energy  expls(US) 

HMTeA 

hexame  thylenetetramine 

(classified) 

HMTPDA  on 

hexamethylenetriperoxide- 

Hexa,Hexamine,  ^ 

code  names  for  hexanitro- 

HMTD  / 

diamine 

Hexyl  Urotropine  } 

diphenylamine(HNDPhA) 

HMX 

His  Majesty's  Explosive  (High 

Hexa  I 

Ger  for  hexanitrodiphenylamine 

Melting  Explosive)  (cyclo- 

Hexamit  or  / 

Ger  & Swiss  expl  contg  TNT 

retramethylene-tetranitramine) 

Hexanit 

& HNDPhA(similar  to  Novit) 

HN 

"hotter  than  no  flash"  (Brit 

Hexatonal 

Swiss  expl(see  the  text) 

propellant) 

Hexogen 

Ger  & Swiss  for  cyclonite(RDX) 

HNAB 

hexanitroazobenzene 

Hexdgeno 

Span  for  cyclonite  (RDX) 

HNG 

hydrin-nitroglycerin(NG  contg 

Hexonite 

Swiss  expls  contg  RDX.NG  & CC 

NSug  as  an  antifreeze) 

Hf 

hafnium 

HNH 

hexanitro  heptane 

HF 

harassing  fire 

HNCbl 

hexanitrocarbanilide 

HF 

high  frequency(3  to  30 

HNDPh 

hexanitrodiphenyl 

megacycles/ sec) 

HNDPhA 

hexanitrodiphenylamine 

HFA 

high  frequency  amplifier 

HNDPh AEN 

h exani  trod  ipheny  lam  iho- 

HFC 

high  frequency  current 

ethylnitrate 

HF/DF 

high  frequency  direction 

HNDPh  Bzl 

hexanitrod  ipheny  lbenzyl 

finder 

HNDPhGu 

hexanitrodiphenylguanidine 

HFI 

height  finding  instrument 

HNDPhSfi 

h exan  itrod  iphenyl  sulf id  e 

HG 

Hotchkiss  gun(MG) 

HNDPhSfo 

hexanitrodiphenylsulfone 

Hg 

hydrargyrum(latXmercury) 

HNDPhU 

hexanitrod  ipheny  lure  a 

HH 

heavy  hydrogen 

HNEt 

hexanitroethane 

H-hour 

the  time  at  which  a 

HNMnt 

hexanitromannitol 

planned  operation  is  to 

HNO  or  HNOxn 

hexanitrooxanilide 

begin(US);  same  as 

Ho 

holmium 

Brit  Z-hour 

HO 

Home  Office(Brit) 

HiC 

high  capacity 

HoC 

hollow  charge(same  as  SC) 

HiFi 

high  fidelity 

HOCL 

Hotchkiss  Ordnance  Co,  Ltd, 

H-ion 

hydrogen  ion 

England 

hist 

historical 

Holl 

Holland 

hi- volt 

high  voltage 

Hoi  ter 

Span  expl  comparable  to  PBX 

H2- Kongo 

Jap  expl(H2  Mixture) 

Hoitex 

Mil  expl  developed  by  Hispano 

(see  the  text)  Suiza,  Geneve,  Switz(its  comp. 

was  not  published) 
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Homocyclonite 

same  as  HMX 

HVAG 

Holzverzuckerungs  Aktiengeseil- 

homo-DPT 

code  name  for  3,7-dinitro-l,5- 

schaft  Domat-Ems(Swiss) 

endoethylene-1,3,5,7- 

HVAP 

hypervelocity,  armor- 

hon 

tetrazacyc  loo  ctane 
honorary 

HVAR 

piercing 

hypervelocity  aircraft  rocket 

horiz 

horizontal 

HVAT 

hypervelocity,  anti-tank 

hosp 

hospital 

HVG 

hypervelocity  gun 

HOW 

Holston  Ordnance  Works, 

HVTP 

hypervelocity, target  practice 

Kingsport,  Tenn 

HW 

heavy  weapon 

How  or  H 

howitzer 

hw 

hectowatt 

h-p  or  h-press 

high.pressure 

hwt 

hundredweight  (45.36kg  in  USA 

HP 

hollow  point(bullet) 

and  50.8kg  in  GtBrit) 

HP  or  hp 

horse  power 

Hwy 

highway 

HPAB 

Hans  sons  Pyrotekniska 

Hx 

hydroxy 

Aktiebol  ag  et(Swed  ) 

hyd 

hydrated,  hydrolysis 

HPC 

Hercules  Powder  Co, 

hydr 

hydraulics 

Wilmington  99,  Del 

hydrd 

hydrodynamics 

HPCC 

Helenic  Powder  Cartridge 

hydrs 

hydro  statics 

Company  at  Daphni  near 

hydrx 

hydroxide 

Athens 

hyg 

hygiene 

hp-hr 

horsepower-hour(  s ) 

hygr 

hygroscopic 

HQ 

Headquarters 

hygry 

hygroscopicity 

hr(s) 

hour(s) 

Hyman 

code  name  for  N-nitro- 

HR 

humidity,  relative 

N-methylglycolamide  nitrate 

HRRL 

Human  Resources  Research 

hyp 

hypothesis 

Laboratory 

HYPO 

High  Power  Output  Reactor 

HS 

US  desgn  for  Mustard  Gas  and 

Hz 

herz 

for  chioroacetophenone  & chloro- 

Hz 

hydrazo 

HS 

picrin  in  chloroform  (CWA's) 
high  speed 

l 

HSC 

hotter  than  M solventless 
carbamite  propellant'^Brit) 

1 

impulse 

HSL 

high  speed  launch(Brit) 

I or  Inc 

incendiary 

HSMS 

high  speed  mine-sweeper 

I 

infantry 

(Brit) 

I or  Inst 

instantaneous 

HSS 

high  speed  steel 

I 

intensity  of  electric  current 

HSSAB 

Hispano-Suiza  Sociedad 

flow 

Anonima,  Barcelona(Span) 

I 

iodine 

HSSAG 

Hispano-Suiza  Societe 

I or  i 

iso-{as  applied  to  a type  of 

HT 

Anonyme,  Geneve  (Switz) 
half-tracked 

I 

organic  compound) 
Italy 

HT 

high  tension 

IA 

Indiana  Arsenal,  Charlestown, 

HTA 

Araer  expls(classified) 

Ind 

HTP 

high- test  peroxide 

la 

Iowa 

HU 

Harvard  University, 

IAAW&D 

Inspector  of  Antiaircraft 

Hung 

Cambridge,  Mass 
Hungary 

IAG 

Weapons  and  Devices(Brit) 
Industria  ArroiGalesi(Ital) 

Hunts 

Huntingdonshire,  Engl 

IAR 

Institure  for  Atomic  Research 

hv 

heavy 

IASP 

initial  average  sustained 

HV 

high  velocity  or  hyper- 

pressure(Rocketry) 

velocity 

IATM 

International  Association  for 

hv 

high  voltage 

Testing  Materials 

HV, 

Fr  for  polyvinyl  acetate 

IAWR 

Institute  for  Air  Weapons  Research 
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IB 

incendiary  bomb 

inc 

incendiary 

IB 

information  bulletin 

Inc 

Incorporated 

IBEN 

incendiary  bomb  with  explosive 

INCEP 

interceptor 

nose 

incJ 

inclusive 

IBHP 

Institut  Beige  des.  Hautes 

incld 

included 

Pressions,  Bruxelles,  Belg 

inclg 

incl  uding 

ibid 

ibidem(Lat)  (in  the  same  place )- 

Ind 

India,  Indiana 

used  in  repeating  reference  to 

ind 

indirect 

the  work  last  cited 

ind 

industrial 

ibp 

initial  boiling  point 

indef 

indefinite 

ICBM  or  IBM 

intercontinental  ballistic  missile 

indvdl 

individual 

ICC 

Interstate  Commerce  Com- 

Inf or  Infy 

infantry 

mission 

infl 

inflammable 

ICI 

Imperial  Chemical  Industries 

info  or  infn 

information 

(Ltd)  formerly  Nobel  Co(Brit) 

infra 

Lat  prefix  meaning  "below'’  aj 

ICIANZ 

Imperial  Chemical  Industries  of 

infrared  of  the  invisible  spectr 

Australia  & New  Zealand 

in  Hg 

inches  of  mercury 

ICIL,  Nobel  Div 

Imperial  Chemical  Industries, 

in; 

inject 

Ltd,  Nobel  Div,  Stevenston, 

injn 

injection 

Ayrshire,  Scotland 

in-lb 

inch-pound(s) 

ICSU 

International  Council  of 

inorg 

inorganic 

Scientific  Unions 

INS 

Iodine  number  and  saponificati* 

ID  or  id 

internal  (inside)  diameter 

number 

Ida 

Idaho 

in/sec 

inches  per  second 

IDR 

Intelligence  Division  Report 

insol 

insoluble 

ie 

id  est(Lat)  (that  is) 

insoly 

insolubility 

lE(balistita) 

Span  propellant 

Insp 

Inspector 

IE  ME 

Inspectorate  of  Electrical 

inspn 

inspection 

and  Mechanical  Equipment(Brit) 

in  st 

instantaneous 

IED 

Industrial  Engineering  Division 

Inst 

Institute 

ign 

ignition 

InstFz 

instantaneous  fuze(Brit)(a  per- 

ignt 

ignite(s) 

cussion  fuze  with  no  delay  act 

igntg 

igniting 

Instn 

Institution 

I IT 

Index  of  Inflammability  Test(Brit) 

instm 

instruction 

111 

Illinois 

instru 

instrument 

illumg 

illuminating 

int 

internal 

IM 

interceptor  missile 

interch 

interchangeable 

IMk 

identification  mark 

inti 

international 

immed(y) 

immediate(ly) 

IN/TN 

insoluble  nitrogen  to  total  nitro 

immisc 

immiscible 

intro  or  intrn 

introduction 

imp(s) 

impurity(ies) 

lo 

Iowa 

imp 

impulse 

IOP 

Iowa  Ordnance  Plant,  Burlingto 

IMP 

Industrial  Mobilization  Plan 

Iowa 

IMP 

initial  maximum  pressure 

IP 

initial  point 

(Rocketry) 

IPD 

Ingersoll  Products  Div  of  Borg- 

imp  gal 

imperial  gallon(4. 54  1) 

Warner  Corp,  Kalamazoo,  Mich 

impr 

improved 

ipm 

inches  per  minute 

imprg(d) 

injpregnate(d) 

ips 

inches  per  second 

impn 

important 

IR 

infrared 

IMR 

improved  military  rifle(Pdr)(Brit) 

Ir 

iridium 

in  or  " 

inch 

IRBM 

intermediate  range  ballistic 

In 

indium 

missile 

inact 

inactive 

IRC 

initial  rate  of  climb 
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IRE 

Institute  of  Radio  Engineers 

JPL 

Jet  Propulsion  Laboratory 

irreg 

lIR'g  ul  ai 

i.  aoauwta  j , uaui 

IS 

impact  sensitiveness 

JPRS 

Joint  Publications  Research 

ISA 

Ignifera  Societa  Anonima 

Service 

in  Locarno* Min usio(Swiss) 

Jr 

junior 

(see  also  ZSF) 

JRDB 

Joint  Research  and  Devel- 

ISC 

Iowa  State  College 

opment  Board(US  Army  & Navy) 

iso-Bu 

i so-butyl 

JS&TIC 

Joint  Scientific  and  Technical 

isom 

isomeric 

Intelligence  Committee  (Bru) 

iso*Pr 

iso-propyl 

Jugo 

See  Yugo 

isoth 

isothermal 

Juinite 

Fr  code  name  for  ethylene- 

Isp 

specific  impulse 

bisurechane 

ISTM 

International  Society  for 

junen 

junction 

Testing  Materials 

JUSMAPG 

Joint  United  States  Military 

ISWG 

Imperial  Standard  Wire  Gauge 

Advisory  & Planning  Group 

/ts  .^\ 

V.oru; 

JuSmG 

Joint  United  Scaces  Military 

IT 

infantry  tank 

Group 

ITB 

infantry  training  bomb 

just 

justice 

Ital 

Italian 

juv 

juvenile 

leal  P 

Italian  Patent 

IUPAC 

International  Union  of  Pure 

K 

and  Applied  Chemistry 

c>**- 

iV 

degree  Kelvin 

J 

K 

kalium(Lat)  (potassium) 

K 

constant 

J 

Ger  symbol  for  iodine 

K 

Jap  expl(see  the  text) 

J 

joule 

k 

kilo  = 103 

J or  j 

journal 

K 

knot 

J 

Fr  sporting  propellant 

K- 1 & K-2 

Rus  expls  contg  TNT&DNB 

]A 

joiiet  Arsenal,  joliet,  ill 

Kaipinites 

Fr  expls  contg  Amm 

JAAF 

Joint  Army-Air  Force 

perchlorate,  Na  nitrate  and  TNT 

Jan 

January 

or  TNN 

JAN 

Joint  Army-Navy 

Kan 

Kansas 

JANAF 

Joint  Army-Navy-Air  Force 

KAPL 

Knolls  Atomic  Power  Laboratory 

Jap 

Japanese 

Karitto 

Jap  black  powder(see  the  text) 

JapP 

Japanese  Patent 

Kasshokuyaku 

Jap  brown  powder(see  the  text) 

JATO 

jet  assisted  take  off,  also 

KC 

Keliog  Company,  jersey  City,  NJ 

called  RATO  or  ‘'booster 

kc 

kilocycle(s) 

rocket" 

kcal  or  Cal 

kilocalorie(s) 

JF 

jet  fighter 

KDNBF 

potassium  dinitrobenzofuroxan 

JHU 

Johns  Hopkins  University, 

Keyneyaku 

Jap  for  trinitrophenetole 

Baltimore,  Md 

kilogram(s) 

JHU/APL 

Johns  Hopkins  Univ, 

kg/cu  m 

kilograms  per  cubic  meter 

Applied  Physics  Laboratory, 

Kg-m 

kilogram- me  ter 

Silver  Springs,  Md 

kg-m/s 

kilogram-meter  per  second 

JHU/ORO 

Johns  Hopkins  Univ, 

kg/sq  m 

kilograms  per  square  meter 

Operations  Research  Office 

KGC 

Kontes  Glass  Co,  Vineland,  NJ 

JOP 

Joint  Operations  Center 

KhF 

khimicheskii  fugass(Rus)  (chem 

JP 

jet  propelled 

land  mine) 

JP-1,  JP-2,  etc 

jet  fuels(see  the  text) 

Kibakuyaku 

Jap  initiating  expl(see  the  text) 

j~ 

jet  PxupuiSiuii  Cefiicl 

T/!l 1 * 

niDatcu^ai 

jap  primer  or  percussion  charge 

JPG 

Jefferson  Proving  Ground 

kj 

kilojoule 

Madison,  Ind 

kl 

kiloiiter 
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KLG 

Kimble  Laboratory  Glassware, 

LaC 

Lance-Corporal(Brit) 

Toledo  1,  Ohio 

lachr 

lachrymator 

km 

kilometer 

Lact  ON 

lactose  octanitrate 

kMc/s 

kilomegacycles  per  second 

LAG 

light  automatic  gun 

(D 1000  megaherz) 

Landskrona 

older  Swed  propellant 

km/hr 

kilometers  per  hour 

lang 

language 

vunn 

ivmwi 

1/  i n/»  n M i I 1 c D 1 O nf 

lllllgiJ  * *->  \y*uimuwv  «■ 

i a rxr\ 
uavu 

t a 

1 .LfO  J O *-/  iOU 

Kings  Mills,  Ohio 

Pasadena,  Calif 

km/ s 

kilometers  per  second 

LASL 

Los  Alamos  Scientific 

KNSFNV 

Koninklijke  Nederlandsche 

Laboratory,  Los  Alamos,  NJ 

Springstoffenfabrieken 

Lat 

Latin 

Naamlose  Venoodschap 

lat  ht 

latent  heat 

Ko 

Jap  Amm  perchlorate  type 

LB 

light  bomb 

expl  contg  ferro silicon 

lb 

Kokoshokuyaku 

Jap  black  powder  type  expl 

lb  ap 

pound  apothecary,  see  lb  tr 

KOP 

Kansas  Ordnance  Plant, 

lb  av 

pound  avoirdupois(453-59g) 

Parsons,  Kan 

lb/cu  ft 

pounds  per  cubic  foot 

KOP 

Kingsbury  Ordnance  Plant, 

lb- ft 

pound-foot(fe  et) 

LaPorte,  Ind 

lb/HP 

pound(s)  per  horsepower 

Koshitsu 

Jap  expls  (see  also  Shouyaku- 

lb-in 

pound- inch  (es) 

koshitsu) 

LBM 

lever  of  breech  mechanism 

KOTAR 

Correlated  Tracking  & 

ib/mol 

pound  molecule 

Ranging  (cf  DOVAP  & 

lb/ sq  in 

pound  per  square  inch 

UDOP) 

lb  tr 

pound  troy(373.2418g) 

KOW 

Kankakee  Ordnance  Works, 

lb/yd 

pound(s)  per  yard 

Joliet,  m 

LC 

landing  craft 

KOW 

Keystone  Ordnance  Works, 

LC 

Library  of  Congress,  Wash  ^ 

Meadviile,  Pa 

LC 

light  case  (chemical) 

KR 

Kings  Regulations(Brit) 

LC 

long  case 

Kr 

krypton 

LCA 

Lake  City  Arsenal,  Indepen 

KV 

kapciul'-vosplamenitel ' 

Mo 

(Rus)  (igniter  cap) 

LCA 

landing  craft  assault(ship) 

kv 

kilovolt(s) 

LCB 

light  case  (chemical)  bomb( 

kva 

kilovolt-ampere 

LCG 

landing  craft,  gun 

kw 

kilowatt(s) 

LCG(M) 

landing  craft  gun  (medium) 

kw-hr 

kilowatt-hour 

LCR 

landing  craft,  rocket 

Ky 

Kentucky 

LCT 

landing  craft,  tank 

KZ 

Kraftzahl(see  the  text) 

LCT(R) 

landing  craft,  tank(rocket) 

LCSE 

Laboratorie  de  la  Commissi 

L 

des  substances  Explosive  si 

LCV 

landing  craft,  vehicle 

1 

laevorotatory 

Id 

laevo-and  dextrorotatory 

l 

iiter(s) 

LD 

lethal  dose 

L 

elevated  railroad 

LD 

long  delay 

L 

latun’(Rus)(brass) 

LD 

long  distance 

/L  oi  |L( 

for  Land  Service  (Brit) 

LD50 

killing  50%  of  subjects  und 

L*,  kj  ,Lj 

Belg  propellants(see  the  text) 

LD50/30 

killing  50%  of  subjects  und 

La 

lanthanum 

in  30  days 

LA 

lead  azide 

LD50  time 

killing  50%  of  personnel 

T A 
1—21 

Ctl  IV.A  muiuaivu  milM~ 

LA 

Los  Alamos(N  Mex) 

LDNR 

lead  dinitroresorcinate 

LA 

Los  Angles(Calif) 

LDWTI 

Lucidol  Division,  Wallace  i 

LAA 

light  antiaircraft  artillery 

Tiernan  Inc,  Buffalo  5,  NY 

lab 

laboratory 

LDT 

long  distance  telephone 
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LE 

Lee-Enfield(rifle)  (Brit) 

Logs 

logistics 

LE 

low  explosive 

LOMC 

Lenape  Ordnance  Modification 

LEC 

Laboratory  Equipment  Coip, 

Center,  Newark,  Del 

St  Joseph,  Mich 

Lond 

London 

Leics 

Leichestershire,  Engl 

LOP 

Louisiana  Ordnance  Plant, 

LEWCF 

Lanza  Elektrizitatswerke  und 

Shreveport,  La 

Chemische  Fabriken 
Aktiengesellschaft  (Basel) 

LORAC 

long  range  accuracy(system  of 
radio  navigation) 

LF 

land  forces 

LORAN 

long  range  navigation 

LF 

low  frequency(30  to  3000 
kilocycles  per  second) 

LOW 

Longhorn  Ordnance  Works, 
Marshall,  Tex 

lft(s) 

leaflets) 

LOX 

liquid  oxygen  explosives 

LG 

Lewis  gun(Brit) 

(oxyliquits) 

lg 

logarithm 

IP 

liquid  propellant(Rocketry) 

light 

Lyddite 

lg  t 

long  ton  (Brit)  (1016.05  kg 

LP 

Livens  projector 

or  22401b) 

LP(poudre) 

Belg  propellant(see  the  text) 

lgth 

length 

LPC 

Liberty  Powder  Co, 

i/hr 

liter(s)  per  hour 

Mt  Braddock,  Pa(01in  Industries) 

1-hr 

lumen-hour(s) 

LPIA 

Liquid  Propellants  Information 

LI 

Lefax  Inc,  Phila  7,  Pa 

Agency 

LI 

light  infantry 

lpw 

lumens  per  watt 

Li 

lithium 

LR 

long  range 

LIAB 

Lindesberg  Industries 

LRB 

long  range  bomb 

Aktiebolaget(Swed) 

LRG 

long  range  gun 

Lieut  or  Lt 

Lieutenant 

LRL 

Livermore  Research  Lab 

ligr 

ligroin 

LRPG 

Long  Range  Proving  Ground 

liq 

liquid 

LRWE 

Long  Range  Weapons 

Lithofracteurs 

older  Belg  expls(see  the  text) 

Establishment(Brit) 

Lithotrite  / 

LSOP 

Lone  Star  Ordnance  Plant, 

LLA 

Lend-Lease  Administration 

Texarkana,  Tex 

LLA 

low  level  attack 

LST 

landing  ship  tanks 

LM 

land  mine 

LSt 

lead  styphnate 

lm 

.lumen 

Lt 

See  Lieut 

LMG 

light  machine-gun 

Lt,It 

light 

lint 

limit 

LtAA 

light  antiaircraft  artillery 

LN 

liquid  nitrogen 

Ltd 

Limited 

LN 

long  nose 

LTk 

light  tank 

In 

logarithm,  natural(also  loge) 

LTRS 

Low  Temperature  Research 

loc  cit 

loco  citato(Lat)  (in  the  place 

Station(Brit) 

cited)-used  when  several 

Lu 

lutetium 

footnotes  intervene  betw  two 

lubr 

lubricant,  lubrication 

citations  not  only  to  the 

Lux 

Luxemburg 

same  work,  but  also  to  the 

LVD 

low  "velocity  dynamite 

same  place  in  that  work 

LVT 

landing  vehicle  tracked 

LOD 

Letterkenny  Ordnance  Depot, 

I/w 

lumens  per  watt 

Chambersburg,  Pa 

Lyddite 

Brit  for  cast  PA 

LOD 

Lima  Ordnance  Depot, 
Lima,  Ohio 

LZ 

landing  zone 

LCD 

low  order  detonation 

M 

LOF 

line  of  fire 

M 

Mach  number 

log 

logarithm 

M 

Manual 

loge 

see  In 

M 

Mark(model) 
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M 

followed  by  a number(as  M2) 

Mar 

March 

signifies  a standardized 

Mar 

marine 

Ordn  item  (Roman  numerals  as 

mart 

martial 

MTT  sirp  ncorl  Ku  f-Kf  Rrif-1 
J 

MAS 

A^Ptiry  for 

m- 

meta(position) 

MASB 

motor  anti-submarine  boat 

M 

symbol  for  a metal(Mu  means  a 

masc 

masculine 

divalent  metal,  etc) 

Mass 

Massachusetts 

m 

meter(s) 

MAT 

Fr,  Ital  & Jap  expl  contg  PA 

m 

mile 

& TNT 

m 

milli(  1/1000) 

mat 

material 

M 

minomet(Rus)  (mine  thrower) 

*’*“ — ©*“**-“ 
math 

iu»V4^  VA.^/4  O 111V  l\.Ak/ 

mathematical 

M 

molar  (as  applied  to  con- 

maths* 

mathematics 

centration)(not  molal) 

Matsu 

Jap  for  blasting  gelatin 

M 

Mono- 

max 

maximum 

M 

mortar 

max 

metal  and  explosive  (mixture 

M 

mortira(Rus)  (mortar) 

giving  maximum  performance  for 

.~i  i — 1_„; 

r 

Will  4 * v>  w 4.  y ttl«-  MV  JL  hi,  \y  l a y 

micro(l  millionth  of  a unit); 

max  cap 

uauii  niuiui  auu  uAptuotw  ay  tl 

maximum  capacity 

micron 

MB 

medium  Besa(Brit  machine  gun) 

M 

multitubular  propellant(Brit) 

MB 

medium  bomber 

W,M4,Me,  ^ 

Ital  propellants  contg  metriol 

mb 

millibar 

M«,  & M10J 

trinitrate 

MB 

monoblock 

Ma 

masurium 

MB 

motor  boat 

\i  A 

IVii  1 

inuumm  ai  luiv  i y 

LiD 

1Y1U 

Hi  cun  tain  battery 

MA 

Milan  Arsenal,  Milan,  Tenn 

MB 

Fr  & Ital  sporting  propellant 

ma 

milliampere(s) 

mbl 

mobile 

mA 

milli&ngstrdm 

MBT 

Ital  expl  contg  PA  & DNPh(see 

MA 

Military  Attache 

also  DD) 

MA 

Ministry  of  Aviation  (Brit) 

MC 

machine  carbine 

MA 

mountain  artillery 

MC 

medium  capacity 

mAd  i 

rr  nai  cxpi  cumg  /y, 

ITiC 

mcgHeyuic 

TNT  & DNPh 

me 

millicurie 

macarite 

Belg  expl(see  the  text) 

MC 

motor  car 

mach 

machine 

MC(Cordite) 

modified  cordite  contg  cracked 

machy 

machinery 

mineral  jelly(Brit) 

Macmillan 

The  Macmillan  Co,  NY 

MCA 

Manufacturing  Chemists’ 

MADAEC 

Military  Application  Division 

Association,  Washington  5,  DC 

or  the  Atomic  Energy  Commissiuii 

V D 

iVJV^U 

iviauieson,  Coleman  Si  Bell, 

MAEE 

Marine  Aircraft  Experimental 

Norwood,  Ohio 

Establishment(Brit) 

MCB 

medium  capacity  bomb 

mag 

magazine 

MC  C 

Monsanto  Chemical  Co,  St  Louii 

mag 

magnet 

McGraw-Hill 

McGraw-Hill  Book  Co,  Inc,  NY 

magn 

magnitude 

MCI 

Merck  & Co,  Inc,  Rahway,  NJ 

Maj 

Major 

Md 

Maryland 

rviaj-Gcii 

ivj  a j ui  “ G TO  ei  iii 

IVJL-r 

mean  uevialujn 

Man 

Manitoba,  Canada 

MD 

Medical  Doctor 

Man-Salt 

methylamine  nitrate  (see  PATR 

MD 

military  district 

2510,  p Ger  108) 

MD 

mine  depot,  mine  detector 

manuf 

manufacture 

MD  (cordite) 

modified  cord  it e{ Brit) 

manufd  or  mfd 

manufactured 

MDN  or  MDn 

melinite-dinitronaphthaline  (Fr 

manufg  or  mfg 

manufacturing 

expl  contg  PA  & DNN) 

MAP 

Mifiicffu  rtf  A 1 ft  P rr<\A\ l r*t  i r\r\ 

MDPC 

mol  iflifa-^mlfrAivkAMAL^Paotili^A 

* “*“■  »-  VJ  *i*l  kl  k/pliV.  111/1  K-  A V-  O y 1.1  1*  ’w 

(Brit) 

(Fr  expl  contg  PA,DNPh&TNCr 
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MDW 

Military  Distriet,Washington,DC 

mf 

raillifarad 

Me  or  me 

methyl 

f* 

microfarad 

ME 

military  engineer(ing) 

MFA 

Manual  of  Field  Artillery 

me 

milliequi valent 

mfd  or  manufd 

manufactured 

ME 

muzzle  energy 

MFDN 

Fr  expl  contg  PA  & DNN 

Me  AN 

methyiamine  nitrate 

mfg  or  manufg 

manufacturing 

MEC 

Metalab  Equipment  Co, 

MFU 

mobile  floating  unit 

Hicksville,  LI,  NY 

MG 

machine  gun 

mech 

mechanical 

Mg 

magnesium 

Med 

medicine,  medical 

mg 

milligram(s) 

Med 

medium 

M-gas 

motor  gasoline 

MedArty 

Medium  Artillery 

MGB 

machine  gun  belt 

MEDINA 

methylenedinitramine 

MGB 

motor  gunboat 

MeEDNA 

N-methylethylenedinitramine 

mhy 

millihenry 

Megadyne 

Belg  expl(see  the  text) 

mi 

mile 

Meiayaku 

Jap  for  tetryl 

MI 

Military  Intelligence 

Mel 

melamine 

Mich 

Michigan 

Melanite 

Belg  expl(see  the  text) 

micro  sc 

microscopic 

Melinit 

Ger  & Rus  for  PA 

Midx 

Middlesex,  Engl 

Melinite 

Fr  for  PA 

mi  /hr 

miles  per  hour 

Mem 

Memorandum 

MIIR 

Mellon  Institute  of  Industrial 

Mem 

Memorial 

Research 

Mems 

Memoirs 

MIL  or  Mil 

military 

MeN 

methyl  nitrate 

rain  or  minim 

minimum 

MeNENA 

l-nitroxytrim  ethylene- 3’ 

min(s) 

minute(s) 

nitramine 

Minerite 

Belg  expl(see  the  text) 

Menkayaku 

Jap  for  NC(shokamen) 

Minex 

expl  contg  Amm  carbonate  RDX, 

Menyaku 

Jap  for  guncotton 

TNT  & A1 

MeOr 

methyl  orange 

Minite 

Belg  expl(see  the  text) 

mep 

mean  effective  pressure 

Minn 

Minnesota 

meq 

milliequival  ent 

Minol 

expl  contg  AN,  TNT  & A1 

MeR 

methyl-red 

Minolex 

expl  contg  AN,  RDX,  TNT 

Meri 

Merionetshire,  Wales 

& AI 

MERL 

Mechanical  Engineering 

Miny 

Ministry 

Research  Laboratory(Brit) 

misc 

miscellaneous 

Mes 

mesitylene 

misci 

miscible 

Messrs 

Messieurs(Fr) 

Miss 

Mississippi 

met 

methane 

MIT 

Massachusetts  Institute 

mete 

methylene 

of  Technology 

meth 

method 

mixt 

mixture 

methanol 

methyl  alcohol 

MJ 

metal  jacketed(bullet) 

Metilites 

liquid  expls  used  in  mine 

MJ 

mineral  jelly(Brit  for  vaseline) 

clearing 

Mk 

Mark(used  by  the  Brit  with  a 

metlrg 

metallurgical 

Roman  numeral  to  designate  a 

M et  R 

Fr  sporting  propellant 

model  as  Mkl)  Amer  practice  is 

Metr 

metriol 

to  use  an  Arabic  numeral 

MetrTN  or  MTN 

metriol  trinitrate 

Mkl  (cordite) 

original  Brit  cordite(see  the 

mev 

million  electron  volts 

text  under  Cordite) 

MEXE 

Military  Engineering  and 

Mk2 

Jap  expl  (same  as  Nigotanyaku 

Experimental  Establishment(Brit) 

Mk2) 

MF 

medium  frequency(300  to  3000 

m-kg 

meter-kilogram(s) 

kilocycles  per  second) 

ml 

milliliter(s) 

MF 

mercuric  fulminate 

ML 

motor  launch 
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ML 

muzzle  loader,  muzzle  loading 

Mon 

Montana 

(in  mortars) 

MONAB 

Mobile  Operational  Naval  Air 

Mlt 

maltose 

Base(Brit) 

MitON 

maltose  octanitrate 

mono  cl 

monoclinic 

mm 

millimeter(s) 

monogr 

monograph 

m (i 

millimicron 

Mons 

Monmouthshire,  Engl 

mM 

millimole 

Montgom 

Montgomeryshire,  Wales 

m/min 

meters  per  minute 

MOP 

Michoud  Ordnance  Plant,  New 

MMMC 

Minnesota  Mining  & Manuf- 

Orleans, La 

acturing  Co,  St  Paul,  Minn 

MOP 

Muskegon  Ordnance  Plant, 

MMN  or  MMn 

melinite-  mononitro  naphthaline 

Muskegon,  Mich 

(Fr  expl  contg  PA  & MNN) 

Mor  or  Mort 

mortar 

Mn 

manganese 

MOS 

Ministry  of  Supply(Brit) 

MN 

mononitro 

MOUSE 

Minimum  Orbital  Unmanned 

MN  or  Mn 

Fr  for  MNN 

Satellite  of  the  Earth 

MNA 

mononitroaniline 

movt 

movement 

MNAns 

monon  itroani  sol  e 

MOW 

Maumelle  Ordnance  Works,  Little 

MNB 

monon  itrob  enze  ne 

Rock,  Ark 

MNB  A 

mononitrobenzaldehyde 

MOW 

Morgantown  Ordnance  Works, 

MNBAc 

mononitrobenzoic  acid 

Morgantown,  WVa 

MNCrs 

mononitrocresol 

MOX 

expl  mixts  of  metal, oxydizer  & 

MNDT 

Fr  & Ital  expl  contg  AN,  DNN 

an  expl(US) 

& TNT  (same  as  Siperite) 

MP 

machine  pistol 

MNM 

mononitromethane 

MP 

Marine  Police 

MMeA 

mononitromethylaniline 

MP 

melinite  paraffine  (Fr)(paraffined 

MN  or  Mn 

Fr  for  MNN(mononitronaphthalene) 

PA) 

Mnn 

man  no  se 

mp 

melting  point 

MNN 

mononitronaphthal  ene 

MP 

Member  of  Parliament 

MnnHN 

mannose  hexanitrate 

MP 

Metropolitan  Police  (London) 

MNO 

symbol  for  N,N'-dinitrodiraethyl- 

MP 

Military  Police 

oxamide  (DNDMOxm) 

MP 

Mounted  Police 

Mnt 

mannitol 

MP 

multiperforated(propellant) 

MNT 

mononitrotoluene 

mpb 

mean  point  of  burst 

MntHN 

mannitol  hexanitrate 

mpg 

miles  per  gallon 

MNX 

mononitroxylene 

mph 

miles  per  hour 

MO 

Medical  Officer 

MPI 

mean  point  of  impact(Brit) 

MO 

Military  Observant 

raps 

meters  per  second 

MO 

Mining  Officer 

MR 

machine-rifle 

Mo 

molybdenum 

mr 

milliroentgen 

MO 

money  order 

MRBM 

medium  range  ballistic  missile 

mob 

mobile 

MRI 

Midwest  Research  Institute, 

mo  bn 

mobilization 

Kansas  City,  Mo 

Mod 

Model 

MRL 

multiple  rocket  launcher 

modifd 

modified 

MROD 

Mt  Rainier  Ordnance  Depot, 

Modifn 

Modification 

Tacoma,  Wash 

M of  F 

method  of  filling(Brit) 

M/S 

mine-sweeper 

moist 

moisture 

MS 

Ministry  of  Supply(Brit)(now  MA) 

mol 

molecule,  molecular,  molar 

MSA 

Military  Service  Act 

mol-% 

molar  percentage 

ms/erde 

Ministry  of  Supply,  Expls  Res 

mol  compd 

molecular  compound 

& Development  Establishment 

mol  ht 

molecular  heat 

Waltham  Abbey,  Essex,  Engl 

mol  wt 

molecular  weight 

MS  or  MSc 

Master  of  Science 

Mon 

Monday 

msec 

millisecond 
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Msl 

missile 

N 

in  design  of  Fr  expls  or  propel- 

MST 

Fr  & Ital  expls  contg  AN,  DNN 

lants  indicates  the  presence  of 

& TNT  (Same  as  Nougat) 

a nitrate  such  as  AN,  etc 

MT 

mean  time(or  proof  of  time 

N 

nitro(see  MN-raononitro) 

fuzes)  (Brit) 

N 

nitrogen 

MT 

mechanical  time 

N 

"no- flash"  propellant(Brit) 

WT 

metric  ton 

N 

normal(as  applied  to  concn) 

MTA 

metriol  triacetate 

n 

normal  (as  applied  to  type  of 

MTB 

motor  torpedo  boat 

org  compd) 

MTk 

medium  tank 

N 

North 

MTN 

metriol  trinitrate 

n 

noun 

MTR 

materials  testing  reactor 

n 

index  of  refraction  (n^  at  20° 

MTrk 

motor  truck 

represents  n at  20°  and  Na 

MTS 

Malta  Test  Station, 

light,  line  D) 

Schenectady,  NY 

/N;  (N|  or  NS 

for  Naval  Service(Brit) 

MTSQ 

mechanical  time,  superquick 

N(explosif) 

Fr  AN  expls(see  the  text) 

MTTC 

melinite-tolite-trinitro- 

N(poudre) 

poudre  noire(Fr)(black  powder) 

cresole  (Fr  & Ital  expl 

Na 

natrium(Lat)  (sodium) 

contg  PA,  TNT  & TNCrs) 

NA 

Naval  Aviation 

MTX 

melinite-  tol  it  e-xylite 

NAAI 

North  American  Aviation,  Inc, 

(Fr  & Ital  expl  contg  PA, 

Downey,  Calif 

TNT  & TNX) 

NAC 

nitroacetycellulose 

mtzd 

motorized 

NAC 

Ital  propellants  based  on  NAC 

mu(/i) 

micron(ft) 

NACA 

National  Advisory  Committee  for 

MU 

University  of  Michigan, 

Aeronautics  (changed  to  NASA) 

Ann  Arbor,  Mich 

NACO 

Navy  cool  propellants 

Muenkayaku  or) 

Jap  smokeless  propellants 

NAD 

Navy  Ammunition  Depot, 

Muenyaku  1 

Crane,  Indiana 

mun(s) 

raunition(s) 

NADC 

Naval  Air  Development  Center 

MunBd 

Munition  Board 

NAE(CAN) 

National  Aeronautical  Estab- 

mut 

mutual 

lishment  (Canada) 

MUV 

modernizirovannyi 

NAES 

Naval  Air  Experimental 

uproshchennyi  vzryvatel' 

Station 

(Rus)  (modern  simplified 

NAMC 

Naval  Air  Material  Center 

pull  fuze) 

NAML 

Naval  Aircraft  Materials 

MV 

mechanical  vehicle 

Laboratory(Brit) 

MV 

methyl-violet 

NAMTC 

Naval  Air  Missile  Test 

mv 

millivolt(s) 

Center,  Point  Mugu,  Calif 

MV 

muzzle  velocity 

NARTS 

Naval  Air  Rocket  Test 

MVD 

medium  velocity  dynamite 

Station}Lake  Denmark,  Dover,  NJ 

mw 

milliwatt 

NASA 

National  Aeronautics  and  Space 

mw 

molecular  weight 

Administration,  Washington,  DC 

Myrol 

Ger  for  methyl  nitrate 

(formerly  NACA) 

MZD 

meena  zamedlennago  deyst- 

NATC 

Naval  Air  Test  Center, 

viya(Rus)  (delayed  action 

Patuxent  River,  Md 

mine) 

NATO 

North  Atlantic  Treaty 
Organization 

N 

Nauckhoff 

Swed  expls(see  the  text) 

naut 

nautical 

N 

National 

Nav 

Naval 

N 

nautical 

navig 

navigation 

N 

Naval,  Navy 

NavOrd  \ 1 
NAVORD  J 

Naval  Ordnance 
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Nb 

niobium 

NENO 

NB 

nitrobenzene 

NEO 

NB 

Fr  propellant  contg  NEO 

NEPA 

NBFU 

National  Board  of  Fire 
Underwriters 

neut 

NBJK 

nitrobenzene- jaune  de  potasse 

neutn 

(Fr)  (mixt  NB  + K^FeCy^^HaO) 

Nev 

NBruns 

New  Brunswick,  Can 

Newfld 

NBS 

National  Bureau  of  Standards 

NF 

NBSX 

same  as  ATX 

NF 

NBYA 

symbol  for  bis(trinitroethyl) 

NF 

urea 

NF 

NC 

Naugatuck  Chemicals, 
Naugatuck,  Conn 

NFMC 

NC 

Nitrocellulose 

NFOC 

NC  or  NCar 

North  Carolina 

NC-82 

symbol  for  bis(trinitroethyl) 

NG 

urea 

NG 

NCB 

National  Coal  Board(Brit) 

NGAB 

NCh 

normal  charge 

NCO 

non-commissioned  officer 

NGc 

NCRE 

Naval  Construction  Research 

NGF 

Establishment(Brit) 

Ngl 

NCT 

nitrocellulose,  tubular 

NGTE 

Nd 

neodymium 

ND 

New  Deal 

NGU 

ND 

non-delay 

NGu 

ND  or  NDak 

North  Dakota 

NH 

ng>° 

index  of  refraction  for  line  D 

NH 

of  Na  at  20°C 

Ni 

NDA 

National  Defence  Act 

NIBTN 

NDAC 

National  Defence  Advisory 

NID 

ND/ACC 

Committee 

Nitrogen  Division,  Allied 

Nigotanyaku  Mk2 
Nigu 

Niperit  (Nyperice) 
NIP 

ndls 

Chemical  Corp,  NY  6,  NY 
needles 

NDNT 

Fr  exp!  contg  AN,  DNN  & TNT 

NiSt 

NDRC 

National  Defence  Research 
Council 

Nitorogurisen 

Nitramidon 

Ne 

neon 

Nitramit 

NE  or  NEngl 

New  England 

Nitramice 

NE 

Neb 

North-East 

Nebraska 

Nitrocooppalite 
Nitro  ferrite 

NEB 

nuclear,  electronic, 

Nitrogomme 

biological 

Nitrolit 

NEC 

Nitrogen  Engineering  Corpo- 

Nitropenta 

ration 

Nizol 

NECL 

Nobel's  Explosives  Co,  Ltd, 
Stevenston,  Scotland 

NJ 

neg 

negative 

NJIC 

NEL 

Naval  Electronics  Laboratory 

NK 

Nellite 

Brit  expl  contg  PA  & DNPh 

NENA 

N-(2-nitroxy)-nitraminoethane 

NK1 

dinitrodi(/3-nitroxyethyl  )»oxamide 

Fr  for  coml  DEGDN 

Nuclear  Energy  for  Propulsion 

of  Aircraft 

neutral 

neutralization 

Nevada 

Newfoundland 

National  Formulary 

normal  factor( concentration) 

night  fighter 

nose  fuze  (bomb) 

National  Filter  Media  Corp,  Salt 

Lake  City  10,  Utah 

National  Fireworks  Ordnance  Cor 

West  Hanover,  Mass 

National  Guard 

nitroglycerin 

Nitroglycerin  Aktiebolaget, 
Gyttorp,  Swed 
nitroglycol 
Naval  gunfire 

Fr  & Ger  for  nitroglycerin  (NG) 

National  Gas  Turbine 

Establishment 

See  DNGcU 

nitro  guanidine 

New  Hampshire 

non-hygroscopic 

nickel 

nitroisobutylglycerol  trinitrate 

Naval  Intelligence  Department 

Jap  for  cyclotol 

Ger  for  nitroguanidine 

same  as  PETN 

nitroindene  polymer 

nickel  steel 

jap  for  nitroglycerin 

Fr  for  nitro  starch 

expl  contg  AN,  TNT  & A1 

Ital  expl  contg  AN,  pitch  & A1 

Belg  expD 

Belg  expl  l see  the  text 
Belg  expl  f 

60/40  TNAns/AN 
same  a s PETN 

Swiss  Mi]  castable  expl  contg  TN 
& DNB 
New  Jersey 

National  Joint  Industrial  Council 
Nobelkrut  (see  Bofors  CoPropell; 
in  the  text) 

Nobelkrut  1 (same  as  Ballistite) 
(see  Bofors  Co  Propellants) 
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NK7 

Nobelkrut  7 (see  the  text) 

NL 

Navy  List 

N1M 

nautical  mile 

NLRB 

National  Labor  Relations 
Board 

NM 

New  Mexico 

NMD 

Naval  Mine  Depot, 
Yorktown,  VA 

NME 

National  Military  Establish- 
ment 

NMe 

nitrom  ethane 

NNTP 

symbol  for  2-nitrimino-5- 
nitroxy-l,2-diazacyclohexane 

NO 

Naval  Officer 

NO 

Naval  Ordnance 

no 

not  observed  on  firing  reports 
(Brit) 

No;  no  or  # 

number 

Nob  el  it 

Swed  & Ger  expls(see  the  text) 

Nob^lite 

Fr  plastic  expl  (see  the  text) 

Nobel’s  704 

Brit  expl  contg  AN,  TNT  & A1 

Nobel-SGEM 

Nobel-Societa  Generale  di 
Esplosivi  e Munizioni(Ital) 

NOD 

Navajo  Ordnance  Depot, 
Flagstaff,  Ariz 

NOD 

Naval  Ordnance  Dept(Brit) 

NOG  or  NsoGu 

nitro  soguanidine 

NOL 

Naval  Ordnance  Laboratory, 
White  Oak,  Silver  Spring,  Md 

NOMTF 

Naval  Ordnance  Missile  Test 
Facility,  White  Sands  Proving 
Ground,  Las  Cruces,  NM 

Nom 

nom  en  clature 

nom 

nominal 

NOMP 

Niskayuna  Ordnance  Modifi- 
cation Plant,  Schenectady,  NY 

NOP 

Nebraska  Ordnance  Plant, 
Wahoo,  Neb 

NOR 

Naval  Ordnance  Research, 

Univ  of  Minnesota,  Minneapolis, 
Minn 

Normelit 

Swed  expl 

Norw 

Norway;  Norwegian 

NorwP 

Norwegian  Patent 

Nos 

numbers 

NOTS 

Naval  Ordnance  Test  Station, 
Inyokern,  China  Lake,  Calif 

Notts 

Nottinghamshire,  Engl 

not  wg 

notwithstanding 

Nougat 

same  as  MST 

Nov 

November 

Novit 

Swed  underwater  expl  contg 
TNT  & HNDPhA(simiIar  to 
Hexamit) 

NP 

nitropenta(same  as  PETN) 

NP 

new  pattern 

NP 

New  Providence,  Engl 

NP 

nickel-plated 

NP 

nitropenta(Fr)  (PETN) 

N/P 

“no- flash/ contg  potassium 
sulfate  (Brit  propellant) 

NP 

non-persistent 

NPA 

National  Planning  Association 

NPF 

Naval  Powder  Factory,  Indian 
Head,  Md  (changed  to  NPP) 

NPG 

Naval  Proving  Ground, 
Dahlgren,  Va 

NPI 

National  Petroleum  Institute 

NPL 

National  Physical  Laboratory 

NP.Mn  95/5 

nitropenta(P  ETN)  95,  MNN  5% 
(Fr  explosive) 

NPP 

Naval  Propellant  Plant 
(formerly  NPF) 

NR 

natural  rubber 

NR 

Navy  Regulations 

NR 

Fr  AN  expls  resistant  to  water 
(see  the  text) 

NRC 

National  Research  Council  (USA) 

NRC(Can) 

National  Research  Council 
(Canada) 

NRC  Compd 

soln  of  NC,  China  wood  oil  & 

rosins  in  methyl  acetate  used  in 

loading  of  ammo 

Naval  Research  Laboratory, 

Belleview,  Md 

New  River  Ordnance  Plant, 

Radford,  Va 

National  Reactor  Testing 

Station,  Arico^  Idaho 

National  Research  Experimental 

(ReactorXCanada) 

new  series;  new  system 

nitrate  of  sodium(Brit) 

nitrostarch 

North-South 

Nova  Scotia,  Can 

National  Service(Armed 

Forces  )Act 

naval  small  arms 

National  Security  Council. 

National  Science  Foundation 

nitroso 

nitrosoguanidine 
nitro  sugar 

Amer  demolition  expl  contg  NS, 
Ba  nitrate,  MNN,  p-MNA  and  oil 
nitron,  now  termed  Rn 
nitrate-trotyl(Fr  expl  contg 
AN  & TNT  such  as  amatol) 


NRL 

NR  OP 

NRTS 

NRX 

NS 

NS 

NS 

NS 

NS 

NSA 

NS  A 

NSC 

NSF 

Nso 

NsoGu 

NSug 

NSX 

Nt 

NT 
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NT 

normal  temperature 

obsol 

obsolete 

NTD 

Naval  Torpedo  Depot 

Obsy 

observatory 

NTN 

Fr  expl  contg  AN  & TNN 

obt 

obtain 

N2TN 

Fr  expl  contg  AN,  Na  nitrate  & 

obtd 

obtained 

TNN 

obtg 

obtaining 

NTP 

normal  temp  Se  pressure  (0°C 

O/C 

Officer- in-Charge 

& 760  mm  Hg) 

OC 

Ordnance  Committee 

NV 

Naamlose  Venoodschap  (Dutch 

OC 

Fr  chlorate  type  expis 

for  Inc) 

occpn 

occupation 

NV 

nozzle  velocity 

occsly 

occasionally 

NW 

north-west 

occws 

Office,  Chief  of  the  Chemical 

NWG 

National  Wire  Gauge 

Warfare  Service 

n wt 

net  weight 

OCD 

Office  of  Civilian  Defence 

NX 

Fr  expl  contg  AN  & TNX 

OCE 

Office  of  Chief  of  Engineers 

NY 

New  York 

Washington  25,  DC 

NYAS 

New  York  Academy  of  Science 

OCFGC 

Owens-Corning  Fiberglass  C< 

NYC 

New  York  City 

OCO 

Office,  Chief  of  Ordnance 

NYOD 

New  York  Ordnance  District, 

Dept  of  the  Army 

New  York  14,  NY(includes  ROD) 

Washington  25,  DC 

Nyperite 

same  as  PETN 

OCO-ORDTA 

OCO-Ammunition  Branch 

NYU 

New  York  University,  New  York 

Oct  No 

octane  number 

53,  NY 

Octol 

Amer  expl(classified) 

NZ 

New  Zealand 

Octyl 

Brit  for  Bitetryl 

NZAOC 

New  Zealand  Array  Ordnance 

OD 

Officer  of  the  Day 

Corps 

OD 

olive  drab 

OD 

Ordnance  Department  or  Depc 

0 

OD  or  od 

outside  diameter 

OEEC 

Organization  for  European 

0 

Octa- 

Economic  Cooperation 

0 

office 

OF 

oskolochno-  fugasnyi(Rus) 

0 

Officer 

(fragmentation  with  heaving 

0 

Ohio 

Ck  f't  Iflfl  1 

0 

order 

OF 

MLlJUll  f 

oxidizing  flame 

O 

Ordnance 

OfA 

offensive  arms 

o- 

ortho 

OFD 

Ordnance  Field  Depot 

0 

orudiiye(Rus)  (gun  or  cannon) 

OFF 

Office 

0 

oskolochnyi  (Rus)  (fragmentation) 

Off 

Officer 

(adj) 

OFM 

Ordnance  Field  Manual 

0 

oxygen 

OFS 

Ordnance  Field  Service 

0 

Fr  explosive(see  the  text) 

OFSO 

Ordnance  Field  Safety  Office 

OA 

Ordnance  artificer 

Jeffersonville,  Ind 

OAC 

Ordnance  Ammunition  Command 

°g 

ogival 

Joliet,  111 

OGM 

Office  of  Guided  Missiles 

OAPC 

Office  of  Alien  Property 

OGMS 

Ordnance  Guided  Missiles 

Custodian 

School,  Redstone  Arsenal 

OB 

observation  balloon 

OHMS 

On  His(Her)  Majesty's  Servic 

OB 

see  OBd 

OIS 

Office  of  Information  Service 

OB 

oxygen  balance(OB  to  C0a  or 

OJCS 

Office  of  Joint  Chiefs  of  Stai 

OB  to  CO  expressed  in  %) 

OK 

all  right 

OBA 

oxygen  breathing  apparatus 

OK'd 

approved 

OBD 

Ordnance  Base  Depot 

OKh 

oskolochno-khimicheskii  (Ru; 

OBd 

Ordnance  Board 

(fragmentation-chemical) 

Obr 

Obrazets(Rus)  (Model) 

Okla 

Oklahoma 

obsn 

observation 

OL 

Ordnance  Lieutenant  (Navy) 
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OMCC 

Olin-Mathieson  Chem  Corp, 

ORDFI 

Requirements  Branch 

East  Alton,  III 

ORDFM 

Maintenance  Branch 

OLCr 

Ordnance  Lieutenant-Commander 

ORDFQ 

General  Supply  Branch 

(Navy) 

ORDFT 

Operations  Branch 

OME 

Ordnance  Mechanical  Engineer 

ORDFX 

Executive  Branch 

OMGUS 

Office  of  Military  Government 

ORDFX-PM 

Planning  & Management  Office 

of  the  United  States 

ORDGA 

Office  Service  Branch 

OML 

Ordnance  Missile  Laboratory, 

ORDGB 

Ordnance  Board 

Redstone  Arsenal,  Huntsville, 

ORDGC 

Ordnance  Comptroller 

Ala 

ORDGL 

Legal  Branch 

Onayaku 

Jap  for  trimonite 

ORDGL-AD 

Administrative  Office 

ONR 

Office  of  Naval  Research, 

ORDGL-CS 

Special  Council  for  Contracts 

Washington  25,  DC,  Chicago 
11,  111  & Pasadena,  Calif 

ORDGL-ID 

Special  Council  for  Industrial 
Division 

Ont 

Ontario,  Canada 

ORDGL-RD 

Special  Council  for  Research 

OO 

Ordnance  Officer 

and  Development  Division 

OOR 

Office  of  Ordnance 

ORDGM 

Management  Office 

Research,  Duke  Univ, 
Durham,  NC 

ORDGN-SA 

Intelligence,  Security  and 
Safety  Office 

OOW 

Oklahoma  Ordnance  Works, 

ORDGX 

Executive  Office 

Pryor,  Okla 

ORDGX-H 

Historical 

OP 

observation  post 

ORDGX- OTL 

Technical  Liaison 

OP 

open  point(SA  Ammo) 

ORDHO 

Military  Training  and 

OP  A 

Office  of  Price  Administration 

Organization 

OPC 

Ordnance  Procurement 

ORDI 

Ordnance  Industrial  Division 

Center,  New  York 

Ordnance  Industrial  Division  (Code  names) 

op  cit 

opere  citato(Lat)  (in  the 

ORDIF 

Facilities  Branch 

work  cited)- used  when 

ORDIM 

Ammunition  Branch 

several  footnotes  intervene 

ORDIP 

Production  Service  Branch 

between  two  citations  to 

ORDIR 

Artillery  Branch 

the  same  work  in  the  same 

ORDIS 

Small  Arms  Branch 

chapter 

ORDIT 

Automotive  Branch 

OPD 

Operations  Department 

Ordnance  Research  and  Development  Branch 

OPDEVFOR 

Operations  Development 

(Code  names) 

Forces(Navy) 

ORDTA 

Artillery  Ammo  Branch 

OPM 

Ordnance  Proof  Manual 

ORDTB 

Research  & Materials  Branch 

opn 

operation 

ORDTQ 

Ammo  Development  Branch 

OPNAV  or 

Office  of  the  Chief  of  Naval 

ORDTR 

Artillery  Development  Branch 

OpNav 

Operations 

ORDTS 

Small  Arms  Development  Branch 

opp 

opposite 

ORDTT 

Tank  and  Automotive  Branch 

opt 

optical,  optics 

ORDTU 

Guided  Missiles  Branch 

Opts 

optical  sight 

ORDTX 

Executive  Branch 

OQMG 

Office  of  the  Quartermaster 

Ore 

General 

Oregon 

or  or  orn 

orange 

org 

organic 

ORD 

Office  of  the  Chief  of  Ordnance 

org  chem 

organic  chemistry 

Ord;  ORD  or  Ordn 

Ordnance 

orgn 

organization 

ORD Amm  Dept 

Ordnance  Ammunition  Depart- 

orig 

origin 

ment 

ORINS 

Oak  Ridge  Institute  of 

ORDB 

Ordnance  Board 

ORNL 

Nuclear  Studies 
Oak  Ridge  National 

Ordnance  Field  Service  (Code  names) 

Laboratory,  Tenn 

ORDFA 

Ammunition  Supply  Branch 

ORO 

Operations  Research  Office 
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ORS 

Operational  Research  Section 
(Brit) 

ORS(India) 

Operational  Research  Section, 
India 

ORSORT 

Oak  Ridge  School  of  Reactor 
Technology 

Os 

osmium 

OS  A 

Office  of  the  Secretary  of 
the  Army 

OSA 

Official  Secret  Act(Brit) 

OSAF 

Office  of  the  Secretary  of 
the  Air  Force 

Oshitsuyaku 

jap  desensitized  RDX 

Oshiyaku 

Jap  desensitized  PA 

Oshokuyaku 

Jap  for  pressed  PA 

OSM 

Ordnance  Safety  Manual 

OSR 

Office  of  Scientific  Research 

OSRD 

Office  of  Scientific  Research 
& Development 

OSS 

Office  of  Strategic  Services 

OSU 

Ohio  State  University, 
Columbus  10,  Ohio 

OSWAC 

Ordnance  Special  Weapons 
Ammunition  Command,  Pic 
Arsn,  Dover,  NJ 

OT  & AC 

Oerlicon  Tool  & Arms  Corp 

OTAC 

Ordnance  Tank- Automotive 
Command,  Detroit,  Mich 

OTAN 

TOrganisation  du  Traite  de 
1’Atlantlque  du  Nord  (French 
for  NATO) 

OTC 

Ordnance  Training  Command, 
APG,  Md 

OTIA 

Ordnance  Technical 
Intelligence  Agency,  Arlington, 
Va 

Otsu-B  or  A(ko) 

Jap  for  Hexamit 

OTS/USDC 

Office  of  Technical  Services, 
United  States  Dept  of 
Commerce  \ 

OV 

oil  of  vitriol  (sulfuric  acid) 

OV 

otravliayushcheiy.e 
ve  shchestvo  (R  us)  (toxic 
substance)(war  gas) 

OV(Propellant) 

see  the  text 

owe 

Ordnance  Weapons  Command, 
Rock  Island,  111 

OWI 

Office  of  War  Information 

ox 

oxalate,  oxalic 

Oxam 

oxamide 

Oxan 

oxanilide 

oxid 

oxidize 

oxidn 

oxidation 

Oxonite 

Oxyliquit 

oz 

Oz 

oz  ap 
oz  ay 
oz  fl 
oz  fl 
oz  tr 


Belg  expl  (see  the  text) 
liquid  oxygen  explosive  (LOX) 
ounce(s)  (28.35g) 

Ozone 

apothecary’s  ounce  see  oz  tr 
ounce  avoirdupois(28.31  g) 
ounce  fluid(29.5737cc)  (US) 
ounce  fluid(28.4130cc)  (Brit) 
ounce  troy(31.1035g) 


P 


P 

P- 

p(s) 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P(salt) 

Pl 

Pa 

PA 

PA 

Pa  or  Penna 
PA  or  Pic  Arsn 
PA 
Pa 

PAA  or  PANAIR 

PAA 

Pac 

PAC(R) 

PACLR 
PAK  or  Pak 
pam 

PAM 

PAMETRADA 


page 
para 
part  (s) 

partial  detonation 

Patent 

penta 

percussion 
phosphorus 
pistolet(Rus)  (pistol) 
plastic 

podkalibernyi(Rus)(subcaliber) 

potassium  sulfate  contg  pro- 

pellant(Brit) 

pre s sure (ab sol) 

publication 

pushka(Rus)(gun  or  cannon) 

Fr  & Ital  explosive  (see  the  tes 
symbol  for  piperazine  dinitrate 
symbol  for  methyleneglycol 
dinitrate 

symbol  for  (methyl enedioxy)- 

dimethanoldinitrate 

Pack  Artillery 

Pan  American 

Pennysl  vania 

Picatinny  Arsenal 

Picric  Acid 

protactini  urn 

Pan  American  (World) 

Airways 
picramic  acid 
Pacific 

parachute  and  cable(rocket) 
(Brit) 

Picatinny  Arsenal  Chemical 
Laboratory  Report 
Panzerabwehrkanone  (Ger) 
(antitank  gun) 
pamphlet 

Ital  expl  contg  PETN 
Parsons  and  Marine  Engineering 
Turbine  Research  & Developme 
A ssoc  iation(Brit) 


Abbr  39 


PANA 

Ital  expl  contg  PETN 

Pdr 

pounderfeg  18  Pdr;  used  to 

PANAIR  or  PAA 

Pan-American(World)Airways 

designate  a gun  firing  a pro- 

Pandastites 

Fr  & Brit  liq  expls  contg  liq 

jectile  weighing  18  lb) (Brit) 

Na0«  and  liq  fuels 

pdr 

see  powd 

par 

paragraph 

PDT 

Plate  Dent  Test 

PAS 

Philadelphia  Astronautical 

PE 

pentaerythritol 

Society 

PE 

plastic  explosive 

PAT 

platoon  anti-tank 

PE 

point  d’ebullitionfFr) (boiling 

pathol 

pathological 

point) 

PatOff 

Patent  Office 

PE 

Post  Exchange 

PAU 

Pan-American  Union 

PEAP 

Brit  for  pentaerythritol  diacetate 

PB 

pilotless  bomber 

dipropionate 

Pb 

piumbum(lead) 

PEFL 

Polverificio  Esercito  di  Fontana 

PB 

Publication  Board  of  Office 

Liri(Ital) 

of  Technical  Service s(US) 

PEI 

Prince  Edward  Island,  Can 

PB|j  PBa;  \ 

prismatic  brown  powders 

Pemb 

Pembrokeshire,  Wales 

PBj(poudres)  j 

used  in  Fr  Naval  guns  prior 

pend 

pendulum 

to  the  invention  of  smokeless 

Penna  or  Pa 

Pennsylvania 

propellant 

P ent 

Pentagon  Building,  Washington,  DC 

PBL 

Publication  Board  L 

pent 

pentagonal 

Note:  The  L following  PB  means  that  the  rept 

Pent 

pentolite 

was  housed  and  reproduced  at  the  Library  of 

Pentastit 

Swiss  expl  contg  PETN  & 

Congress.  The  L 

no  longer  has  any  significance 

pentaerythritol  tetrastearate  (PETS) 

since  all  the  PB 

repts  are  now  available  from 

Penthrite 

Brit  for  PETN 

the  Photoreproduction  Service,  Library  of 

Pentolite 

mixts  of  PETN  & TNT 

Congress 

Pentoriru 

Jap  for  pentolite 

PBM 

patrol  bomber  Martin(flying 

Pentralita 

Span  expl  (see  the  text) 

boat) 

Pentrinit 

Swiss  expl  contg  PETN  & NG 

PBOW 

Plum  Brook  Ordnance  Works 

Pentro 

see  Pentryl  (Swiss) 

Sandusky,  Ohio 

Pentrol 

Ital  expl  contg  PETN  & TNT 

PB-RDX 

Amer  expl(classified) 

Pentryl 

j3<2,4,6-trinitrophenyl-nitramino) 

PBRept 

Publication  Board  Report 

ethyl  nitrate 

of  OTS 

P entrylfSwissM 

expl  mixt  of  PETN,  TNT  & A1 

PBU  or  PhBU 

phenylbenzylurethane(Brit 

or  Pentro  / 

manufd  by  a special  process 

gelatinizer  for  NC) 

Pentyl 

Same  as  PETN 

PBX 

plastic  bonded  explosive 

PEP 

expls  contg  PETN  & Gulf 

(US)(composition  is  classified) 

Crown  E oil 

PC 

Panama  Canal 

per 

period;  periodical 

pc 

per  centum,  % 

PERA 

Production  Engineering 

PC 

Pflaudler  Co,  Rochester  3,  NY 

Research  Association 

PCC 

Polverificio  Comocini  di  Como 

P era  mm  on 

Fr  Aram  perchlorate  expl 

(Ital) 

percn 

percussion 

pcf 

pounds  per  cubic  foot 

perfn 

perforation 

pcpn 

precipitation 

perm 

permanent 

PCX 

symbol  for  3,5-dinitro-3,5- 

permn 

permission 

diazapiperidinium  nitrate 

Permonite 

Belg  expl  (see  the  text) 

PC2 

Panama  Canal  Zone 

pers 

personnel 

Pd 

palladium 

PERSPEX 

acrylic  resin;may  be  used  as 

PD 

partial  detonation(Brit) 

a binding  or  coating  agent,  in 

PD 

point  detonating(fuze) 

expls  & propellants 

PDF 

point  detonating  fuze 

pertg 

pertaining 

PDNA 

propyl  ene- 1 ,2-dinitramine 

Pertite 

Ital  for  PA 
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PETA 

pentaerythritol  tetracetate 

PI 

Philippine  Islands 

fetn 

pentaerythritol  tetranitrate 

PI 

point  initiating 

peer 

petrol;  petroleum 

PIAT 

projector  infantry  anti-tank 

petr  eth 

petroleum  ether 

PIB 

Polytechnic  Institute  of  Brooklyi 

Petrin 

pentaerythritol  trinitrate 

PIC 

Parr  Instrument  Company,  Moline 

Petrin  Acr 

Petrin  acrylate  (classified) 

Pic  Arsn 

Picatinny  Arsenal,  Dover,  Nj 

PETS 

pentaerythritol  tetrastearate 

Picramide 

same  as  TNA 

(component  of  Pentastit) 

Picratol 

mixt  of  Amm  P & TNT  (US) 

PETX 

symbol  for  tetra-(nitraminomethyi)- 

Picric  Powder  > 

Brit  expl  contg  AmmP,  Al,  saw- 

methane 

or  Abel ’s  > 

dust  & crude  petroleum 

PF 

percussion  fuze 

Explosive  J 

PF 

picryl  fluoride 

Picrinita 

Span  for  picric  acid 

Pfc 

private  first  class 

Picrite 

Brit  for  nitroguanidine 

PG  or  PhGer 

Pharmacopeia  Gerraanica 

Picurinsan 

Jap  for  PA(Oshokuyaku) 

PG 

pivot  gun 

Picurinsan-  ^ 

Jap  for  ammonium  picrate 

PG 

Proving  Ground 

ammonia  i 

Pge 

page 

Pierrit 

Swiss  blasting  expl(see  the  text’ 

Pgh 

paragraph 

PIG 

Percentage  Initiation  by  Grit(Bri 

Pgh 

Pittsburgh 

Piombite 

Ital  mil  expl  of  WWI(see  the  text 

PGS 

Polverificio  Giovanni  Stacchini 

PIPE 

Amer  expl  contg  PETN  & Gulf 

(Ital) 

Crown  E oil 

PGTN 

pentaglycerin  trinitrate  (same  as 

PkArty 

pack  artillery 

TMMMT) 

Pi 

plural 

Ph 

phenyl,  phenol 

Plancastita 

Span  expl(see  the  text) 

pH 

symbol  for  the  logarithm  of  the 

plast 

plastic 

reciprocal  of  the  hydrogen  ion 

Plastit 

Swiss  expl 

concentration 

Plastita 

Span  expl 

ph 

telephone;  phone 

Plastolit 

Swiss  expl 

nHn  rmnt~r>] 

hK  a rmarnl  n tvira  1 

Plat 

platoon 

PhBr 

Pharmacopeia  Britannica 

Plomoplastrita 

Span  expl 

PhBr 

phenylbromide 

Plumbatol 

Amer  expl  contg  Pb  nitrate  & TN 

PhCI 

phenylchloride 

Pluto 

reconnaissance  & rescue  plane, 

PhD 

Philosophiae  Doctor(Lat) (Doctor 

ground  based 

of  Philosophy) 

PLW 

Pressurized  Light  Water  (Reacto; 

PHE 

plastic  high  expIosive(Brit) 

PLX 

Picatinny  liquid  explosives 

nirx 
r ii s^i 

raiLips  Hicciiuiiii's,  uict 

Mount  Vernon,  NY 

PM 

parachute  mine 

PhF 

phenyl  fluoride 

PM 

Post  meridiem(Lat)  afternoon 

Phi 

phenyl  iodide 

PM 

powder  metallurgy 

PHIB 

amphibian 

PM 

Prime  Minister(Brit) 

Phil 

Philippines 

PM 

Provost  Marshall 

Phila 

Philadelphia,  Pa 

PN 

performance  number 

PHLw 

pressurized  heavy  and  iight  water 

D \i  A 

^criLaiiiiivaiuu  iuc 

(Reactor) 

PNDPhEth 

pentan  itrodiphenyl  eth  er 

photom 

photometry 

PNDPhEtl 

pentanitrodiphenylethanol 

phpht 

phenolphthalein 

PNDPhSfo 

pentanitrodiphenylsulfone 

PHS 

Public  Health  Service 

PNG 

persona  non  grata(Lat)  undesirab 

Ph-salt 

ethylenediamine  dinitrate 

person 

Pht 

phene  tole 

PNP 

Ital  expl  contg  PETN,  AN  & Wax 

Ph'US 

Pharmacopeia  of  the  US 

D 

1 U 

polonium 

phys 

physical 

POD 

Philadelphia  Ordnance  District, 

phys  chem 

physical  chemistry 

Phila  2,  Pa 

physiol 

physiological 

POD 

Pittsburgh  Ordnance  District, 

Ptgh  22,  Pa 
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POD 

Pueblo  Ordnance  Depot, 

pr  ale 

propyl  alcohol 

Pueblo,  Colo 

PrBr 

propylbromide 

polym 

polymer 

prcht 

parachute 

POP 

Pantex  Ordnance  Plant, 

PrCl 

propylchloride 

Amarillo,  Tex 

Pref 

preface 

pos 

positive(as  an  adjective) 

prel 

preliminary 

poss 

possible 

Prem 

Premier 

pot 

potential 

prep(d) 

prepare(d) 

Potentite 

Belg  expl,  same  as  tonite 

prepg 

preparing 

Potentites 

mixts  of  NC  & K nitrate  used 

prepn 

preparation 

in  Fr  as  propellants  and  as 

pres 

presence 

demolition  expls 

Pres 

President 

Poudre  B 

see  B (poudre) 

press 

pressure 

Poudre  NB 

see  NB(poudre) 

Pri 

private 

Poudre  NB  JK 

see  NB  JK(poudre) 

prim 

primary 

POW 

prisoner  of  war 

prin 

principal 

powd 

powder(ed) 

proc 

procedure,  proceedings 

PP 

pages 

prod 

produce,  product 

PP 

percussion  primer 

prodn 

production 

PP 

picric  powder 

prof 

professor 

PP 

pistolet-pulemet  (Rus) 

prog 

progression 

(machine  pistol) 

proj(s) 

projectile(s) 

PP 

pilotless  plane 

pron 

pronoun 

PP 

Polverificio  Piemontese(Ital) 

prop(s) 

property(ies) 

PP 

power  plant 

proplnt(s) 

propellant(s) 

PP 

proof  paper(firing  report)  (Brit) 

propn 

propulsion 

PPB’t 

pin  point  bombardment 

PRP 

petrolatum,  rosin  & paraffin  wax 

PPC(B) 

Phillips  Petroleum  Co, 

(used  in  the  USA  for  coating 

Bartlesville,  Okla 

AN  crysts) 

PPC(McG) 

Phillips  Petroleum  Co, 

PRS 

Pacific  Rocket  Society,  Los 

McGregor,  Tex 

Angeles,  Calif 

PPD 

pistolet-pulemet  Degtiareva 

P«g 

printing 

(Rus) 

Pruss 

Prussian 

ppm 

parts  per  million 

pry 

priority 

PPP 

plastic  protective  plate(Brit) 

PS 

percussion  shrapnel 

PPRI(Can) 

Pulp  & Paper  Research 

ps 

per  second 

Institute  of  Canada 

PS 

point  de  solidification(Fr) 

PPSh 

pistolet-pulemet  Shpagina 

(setting  point) 

(Rus) 

PS 

Police  Sergeant 

ppt 

precipitate 

PS 

Post  Scriptum(Lat) 

pptd 

precipitated 

PS 

private  secretary 

PP'g 

precipitating 

PSA 

Pacific  Science  Association 

pptn 

precipitation 

(Hawaii) 

PQ 

Province  of  Quebec,  Canada 

pseud 

pseudonym 

Pr 

pair 

psf 

pounds  per  square  foot 

Pr 

praseodymium 

PSG 

Percentage  Sensitization  by 

Pr 

Proceedings 

Grit  (Brit)  (see  the  text) 

Pr  or  pr 

propyl(normai) 

psi 

pounds  per  square  inch 

PR 

public  relations 

psia 

" " " " (absolute) 

PR 

Puerto  Rico 

Psig 

" " " " (gauge) 

Pr  4/5  & 1 

Ital  propellants  (see  the  text) 

PSR 

Polverificio  Stacchini  di  Roma  (Ital) 

Pr  20/24  ] 

PST 

Pacific  Standard  Time 

prac 

practice 

Pt 

pint(s)  (0.568  1) 

pract 

practical 

Pt 

platinum 
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Pt 

point(s) 

Q 

Pt 

port 

PT 

primary  target(Arty) 

Q 

gunner’s  quadrant(Arty) 

PT-boat 

patrol  torpedo-boat 

Q 

quantity  of  electricity,  Coulombs 

PTC 

patrol  torpedo-craft 

Q 

quantity  of  heat 

PT-Div 

patrol  torpedo-boat  division 

Q 

quebrachitol 

Pte 

private(soldier) 

Q or  Qm 

quartermaster 

pte 

private 

Q-boat  or  Q-ship 

vessel  for  trapping  boats 

PTRD 

protivotankovoye  ruZhio 

Qc 

heat  of  combustion 

Degtiareva(Rus)  (A/T  rifle 

QP 

Q 

heat  of  combustion  at  constant 

of  Degtiarev) 

pressure 

PTRS 

A/T  rifle  of  Semenov  (Rus) 

Qc 

heat  of  combustion  at  constant 

PTX1  & 1 

Picatinny  ternary  expls  (RDX, 

volume 

PTX2  ) 

tetryl  & TNT  or  RDX,  PETN 

Q-clearance 

clearance  for  classified  atomic 

& TNT) 

information;  issued  by  AEC 

pty 

party 

QE 

quadrant  elevation  (angle  of 

Pu 

plutonium 

elevn  of  a gun  above  horizon)  (Brit 

PU 

Princeton  University, 

Qe 

heat  of  explosion 

Princeton,  NJ 

Qf 

heat  of  formation 

PU 

Purdue  University, 

QJ 

heat  of  formation  at  constant 

Lafayette,  Ind 

pressure 

Publ 

Publication 

QJ 

heat  of  formation  at  constant  volur 

publ(d) 

publish(ed) 

f 

publg 

publishing 

QF 

quick  firing(of  guns  using  fixed  or 

publn(s) 

publication(s) 

semi-fixed  cartridge  cases)  (Brit); 

pulv(d) 

pulverize  (d) 

rapid  firing(US) 

pulvn 

pulverization 

QFA 

quick  firing  ammunition 

PUNS 

permanently  unfit  for  Naval 

QFG 

quick-firing  gun  (Brit) 

service 

qlfd 

qualifi  ed 

PV 

patrol  vessel 

QM  or  Q 

quartermaster 

PVA 

polyvinyl  acetate 

QMC 

Quartermaster  Corps 

PVA- 4 

Amer  expl  contg  polyvinyl 

QMG 

Quartermaster  Generai(Can) 

acetate,  RDX  & DBuPh 

QOC 

Quaker  Oats  Co,  Chicago  54,  HI 

PVAlc 

polyvinyl  alcohol 

QPN 

quebrachitol  pentanitrate 

PVC 

polyvinylchloride 

QR 

Queen’s  Regulations(Brit) 

Pvt 

private 

Q-ship 

same  as  Q-boat 

PW 

powder  weight(in  a charge) 

qt(s) 

quart(s)  (for  liquids  0.946  1 in  the 

PW 

prisoner  of  war 

US  and  1.136  1 in  GtBrit) 

PWA 

Public  Works  Administration 

qual 

qualitative;  quality 

PWC 

Brit  for  "paper  wood  cellulose” 

qualy 

qualitatively 

(contg  85%  of  a -cellulose) 

quant 

quantitative;  quantity 

PWD 

Petroleum  Warfare  Development 

quanty 

quantitatively 

(Brit) 

Que 

Quebec,  Canada 

PWP 

plasticized  white  phosporus 

quotn 

quotation 

PWT 

propulsion  wind  tunnel 

qv 

quot  vide(Lat)  (which  see) 

PX 

Post  Exchange;  Army  Exchange 

qy 

quarry 

Py  or  py 

pyridine  or  pyridyl 

rj 

pyc 

pycnometer 

K 

pyr 

pyrometer 

Pyro 

pyrocellulose,  pyrocotton 

°R 

degrees  Rankine 

pyro  or  pyrot 

pyrotechnics 

R 

radical  (organic) 

Pyrolithes;) 

Belg  black  powder  type 

R 

radius 

Pyronoraes  1 

expls 

R 

range 

pz 

piezo 

R 

gas  constant( 1.9885  cal/degree) 
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°R 

degrees  Reaumur  (80°R=100°C) 

RCh 

reduced  charge 

R 

recoilless 

RCL 

Radiation  Counter  Laboratories, 

R 

relay 

Chicago,  111 

R or  Repr 

report 

RCOC 

Royal  Canadian  Ordnance  Corps 

R 

Republic 

RD 

Research  Department 

R 

resistance 

R&D 

Research  & Development 

R 

revolver 

Rd 

road 

R 

Reynolds  number.(Physics) 

rd(s) 

round(s)  (of  Ammo) 

r 

rheostat 

RD 

rural  delivery 

R 

rifle 

RDB(cordite) 

Research  Department  "B** 

R or  Rus 

Russia(n) 

(Brit  propellant  used  during 

R or  V 

ruzhid  or  vintovka(Rus) (rifle) 

WW  I) 

/R 

ribbon  propellant  (Brit) 

RDB 

rifle  double-base(propellant) 

R(poudre) 

Fr  sporting  propellant 

rds/m 

rounds  per  minute 

P* 

symbol  for  Fivonite 

RDX 

Research  Department  Explosive 

RA 

Radford  Arsenal,  Radford,  Va 

(cyclonite,  hexogen  or  cyclo- 

RA 

Raritan  Arsenal,  Metuchen,NJ 

trimethylenetrinitramine) 

RA 

Ravenna  Arsenal, Apco, Ohio 

R£ 

Reaumur 

RA  or  RSA 

Redstone  Arsenal,  Huntsville, 

Re 

rhenium 

Alabama 

RE 

Royal  Engineers(Brit) 

RA 

Royal  Arsenal(Brit) 

rec(d) 

receive(d) 

RA 

Royal  Artillery 

recogn 

recognition 

RABRM 

Research  Association  of 

recryt(d) 

recrystallize(d) 

British  Rubber  Manufacturers 

recrystn 

recrystallization 

rac 

racemic 

redn 

reduction 

RAC 

Royal  Armoured  Corps(Brit) 

redox 

reduction  and  oxidation 

rad 

radio 

Ref(s) 

Reference(s) 

RADAR 

Radio  Detection  and  Ranging 

refg 

refrigerating 

RADC 

Rome  Air  Development 

refgn 

refrigeration 

Center(US) 

refl 

reflux 

RAE 

Royal  Aircraft  Establishment 

Reg 

regiment 

(Brit) 

Regl 

regimental 

RAF 

Royal  Air  Force(Brit) 

reinfd 

reinforced 

Raibun 

Jap  primary  e?cpl(see  the  text) 

Reinhold 

Reinhold  Publishing  Corp, 

Raiko 

Jap  for  MF 

New  York  22,  NY 

RAOC 

Royal  Army  Ordnance  Corps 

Reintri 

Ger  & Swiss  for  purified  TNT 

(Brit) 

rel 

relative 

RAOD 

Royal  Army  Ordnance 

rein 

relation 

Depot(Brit) 

Rep 

Republic 

RArty 

Royal  Artillery(Brit) 

req(d) 

require(d) 

Ra-Th 

radium-thorium 

res 

reserve 

RATO 

rocket  assisted  take  off, 

RES 

Reynolds  Experimental  Station, 

called  also  ‘'booster  rocket**; 

of  Atlas  Powder  Co,  Tamaqua, 

more  common  name  is  JATO 

Pa 

RB 

rifle  bomber 

RESB 

Royal  Engineers  Standards 

Rb 

rubidium 

Board  (Brit) 

RBT 

Rifle  Bullet  Test 

resp 

respectively 

RC 

Rand  Coip,  Santa  Monica, 

restr 

restricted 

Calif 

retd 

returned 

RCA 

Radio  Corp  of  America 

RETMA 

Radio- Electronics-Tele  vision 

RCAF 

Royal  Canadian  Air  Force 

Manufacturers  Association 

RCAT 

radio  controlled  airplane 

Rev(s) 

Review(s) 

target 

revn 

revolution 
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RF 

rapid  firing;  rimfire 

RN 

round  nose 

rf 

rifle 

RN 

Royal  Navy(Brit) 

RFA 

radio  frequency  amplification 

RNPRC 

Royal  Naval  Personnel  Researc 

RFA 

Royal  Field  Artiiiery(tirit) 

Committee  (Brit) 

RF  Ammo 

rimfire  ammunition 

RNZA 

Royal  New  Zealand  Army 

RFC 

Reconstruction  Finance  Corp 

RNZArty 

Royal  New  Zealand  Artillery 

RFF 

Royal  Firearms  Factory, 

RNZN 

Royal  New  Zealand  Navy 

England 

RO 

radar  operator 

RFG 

rifle  fine  grain(propellant)(Brit) 

RO 

radio  operator 

RFN 

red  fuming  nitric 

ROD 

Rochester  Ordnance  District, 

RFNA 

red  fuming  nitric  acid 

Rochester,  NY(See  NYOD) 

Rg 

range 

ROD 

Royal  Ordnance  Depot(Brit) 

RG 

rifle  grenade 

ROF 

Royal  Ordnance  Factory(Brit) 

RG 

ruchnaya  granata(Rus)(hand 

Rohtri 

Ger  & Swiss  for  crude  TNT 

grenade) 

Rom 

Roman 

RGb 

river  gunboat 

Romite 

Ital  cheddite  type  expl 

RGF 

Royal  Gun  Factory  (Brit) 

ROP 

Ridgewood  Ordnance  Plant, 

RGM 

rounds  per  gun  per  minute 

Cincinnati,  Ohio 

RGn 

recoilless  gun 

ROP 

Riverbank  Ordnance  Plant, 

RH 

relative  humidity 

Riverbank,  Calif 

Rh 

rhodium 

ROP 

Rockford  Ordnance  Plant, 

DUD 

l\i  iJU 

Unm  *m  a r»/\  r* 

LHUMi  14Vlllillg  WULUil 

Til 

RHC(H) 

Rohm  & Haas  Co,  Huntsville, 

ROR 

rocket  on  rotor 

Ala 

Rossite 

code  name  for  guanylnitrourea 

RHC(Ph) 

Rohm  & Haas  Co,  Phila  5,  Pa 

(nitrodicyandiamidine) 

rheo 

rheostat 

ROTC 

Reserve  Officers  Training  Corps 

rhmb 

rhombic 

ROW 

Radford  Ordnance  Works, 

RHN 

Rockwell  hardness  number 

Radford,  Va 

RI 

refractive  index 

r> 

nu^ 

T"\ 1 

I\uy  ai 

RIA 

Rock  Island  Arsenal,  Rock 

RP 

rocket  projectile 

Island.  Til 

RP 

rocket  propellant 

RIC 

Royal  Institute  of  Chemistry 

R/P 

rocket  projector 

(Brie) 

RPD 

Rocket  Propulsion  Department 

Rio 

Rio  de  Janeiro,  Brazil 

rpg 

rounds  per  gun 

RIPE 

Amer  expl  contg  RDX  & 

rpgpd 

rounds  per  gun  per  diem 

Gulf  Crown  E oil 

rpgpm 

rounds  per  gun  per  minute 

riv 

river 

rpm 

rrsm 

revolutions  per  minute 


RJ 

ramjet 

rprt 

reprint 

Rkt 

rocket 

rps 

revolutions  per  second 

RL 

rocket  launcher 

RP ’s 

rocket  projectiles 

RLG 

rifle,  large  grain  (propellant) 

RR 

railroad 

RLT 

rocket,  light  tube 

RRA 

Red  River  Arsenal,  Texarkana,  * 

Rlwy 

railway 

RRC 

Rolls-Royce  Co,  England 

RM  Arty 

Royal  Marine  Artillery 

4\1Y 

RaJax  Rcsearuu  Establishment 

RMC 

Royal  Marine  Corps(Brit) 

(Brit) 

RMC 

Royal  Military  Coilege(Brit) 

RRI 

Rocket  Research  Institute 

RMD/TCC 

Reaction  Motors  Division, 

RRL 

Reynolds  Research  Laboratory, 

Thiokol  Chemical  Corp 

Tamaqua,  PennafAtlas  PC) 

RMI 

Reaction  Motors,  Inc, 

RRL 

Road  Research  Laboratory(Brit) 

Rockaway,NJ 

RRS 

Reaction  Research  Society, 

Rn 

radon 

Glendale,  Caiir 

Rn 

range(Brit) 

RS 

rolled  steel 
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R-salt 

cyclotrimethylenetrinitrosamine 

RSigG 

rocket,  signal,  green 

RSigR 

rocket,  signal,  red 

RSL 

Royal  Society,  London 

RSM 

rocket  sea- marker 

RSOP 

reconnaissance,  selection  and 
organization  of  artillery  po- 
sitions 

RSVP 

repon^ez  s’il  vous  plai’t(Fr) 
(please  answer) 

R/T 

radio  telegraphy  or  radio 
telephony(Brit) 

rt 

rate 

RT 

room  temperature 

RTCC 

Reilly  Tar  & Chemical  Corp, 
Indianapolis  4,  Ind 

Rii 

ruthenium 

Rum 

Rumania;  Rumanian 

Rupturita 

Braz  expl  manufd  by  SAER 

Rus 

Russia;  Russian 

RV 

remaining  velocity 

Ry(s) 

railway(s) 

RyBn 

Railway  Battalion 

RyJn 

railway  junction 

s 


s 

second 

s- 

secondary(as  applied  to  a 
type  of  organic  compound) 

S 

series 

s 

service 

s 

single 

s 

slotted  tubular  propellant 
(Brit) 

s 

solventless  propellant(Brit) 

s 

south;  southern 

s 

staff 

s 

sulfur 

s-  or  sym- 

symmetrical 

S 

Fr  & Ital  expls  (see  the  text) 

s 

Fr  sporting  propellant 

SI;  S2  etc 

Ger  & Ital  expls  used  in 
underwater  ammo(see  PATR 
2510,  pp  170  & 212) 

Sa 

samarium 

SA 

samokhodnaya  artilleriya(Rus) 
(self-propelled  artillery) 

Sa 

Saturday 

SA 

Secretary  of  the  Army 

SA 

semi-automatic 

SA 

small  arms 

SA 

Sociedad  Anonima(Span) 
Societa  Anonima(Ital) 
Societe  Anonyme(Fr) 
Sociedade  Anonima(Port) 
(Joint  Stock  Company) 

SA 

South  America 

SA 

Space  Agency(US) 

SA 

Springfield  Armory, 

Springfield  1,  Mass 

SA152 

Ital  propellant(obsolete) 

SAA 

small  arms  ammunition 

SAA 

Societe  Anonyme  d’Arendonck 
(Belg) 

SAA 

Standards  Association  of 
Australia 

Sabulites 

Belg  & Ital  expls  of  various 
compns 

SAAC 

Scientific  Advisor  to  the  Army 
Council(Brit) 

SAAD 

small  arms  ammunition  depot 

SAB 

svetiashshayacia  aviobomba 
(R us )(i  11  umi nation  aerial  bomb) 

SABPD 

Societa  Anonima  Bombrini- 
Parodi-Delfino(Ital) 

Sabulite 

Belg  safety  expl(see  the  text) 

SAC 

Scientific  Advisory  Council  (Brit) 

SAC 

Strategic  Air  Command 

SAC 

Supreme  Allied  Commander 

SACNA 

Societa  ACNA(Ital) 

SAD 

Sociedade  Anonyma  de  la 
Dinamita(Portug) 

SADN 

Societa  Anonima  Dinamite 
Nobel  Avigliana(ltal) 

SAEF 

Societe  Anonyme  des 
Explosifs  Favier  (Belg) 

SAEH 

Societe  Anonyme  des 
Explosifs  d'Havre(Fr) 

SAEPC 

Societa  Anonima  di  Esplodenti 
e Prodotti  Chimiche(Villafranca) 
(Ital) 

SAEPC 

Societe  Anonyme  d’Explosifs 
et  de  Produits  Chimiques 

SAEPCM 

Societa  Anonima  di  Esplodenti 
e Prodotti  Chimiche,  Monte- 
catini(Ital) 

SAER 

Sociedade  Anonima  Explosivos 
Rupturita(Brazil) 

SAFA 

Societa  Anonima  Fabbric.a 
Armi(Ital) 

SAFAT 

Societa  Anonima  Fabbrica 
Armi  Torino(Ital) 

SAICE 

Societa  Anonima  Consomatori 
Esplosivi(OrbetelIo)(Ital) 
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SALM 

Societa  Anonima  Italina  Micce 

see 

Stauffer  Chemical  Co,  New  York! 

(Ponte  Stazzemese)(Ital) 

sch 

schedule;  school 

Sakuma- 

Jap  for  gelignite 

Sch  or  Sc 

schneiderite(Fr,  Ital  & Rus  expl) 

dainamaito 

Schiesswolle  181 

expl  contg  HNDPhA,  TNT  & A1 

Sakura-dai- 

Jap  dynaraite(see  the  text) 

or  TSMV  1-101  / 

(see  PATR  2510,  p 172) 

namaito 

Sci  or  Sc 

science 

salv 

salvage 

SCI 

Society  of  Chemical  Industry 

SAM 

surface-toair  missile 

sclt 

scarlet 

SAMCM 

Societ^  Anonima  Munizione 

ScM 

Master  of  Science 

e Cartuccheria  Martignoni 
(Ital) 

SC/RDL 

Signal  Corps,  Research  and 
Development  Laboratories 

SAME 

Society  of  American 

serng 

screening 

Military  Engineers 

Scy 

Secretary 

SANACC 

State  Army-NavyAir  Co- 

SD 

Salvage  Depot 

ordinating  Committee 

SD 

sans  dissolvant(Fr)  (solventless) 

Sanshoki-| 

Jap  for  tetryl  (same  as 

SD 

sawdust 

mechiru  ) 

Meiayaku) 

SD 

self-destroying 

nitoruamin 

SD 

Service  Depot 

Sansh5ki-l 

Jap  for  TNT 

SD 

shell  dressing 

toruoru  J 

SD 

Signal  Department(Brit  Navy) 

SAP 

semi-  arm  or- piercing 

SD  or  SDak 

South  Dakota 

sapon 

saponification,  saponify 

SD 

straight  dynamite 

sapond 

saponified 

SD 

Submarine  Department 

sapong 

saponifying 

SDC 

Shell  Development  Company 

sap  val 

saponification  value 

SDC 

Special  Devices  Center 

SAR 

semi-automatic  rifle 

SD  NEO 

Fr  solventless  propellant  based 

Sask 

Saskachewan,  Can 

on  DEGDN 

sat 

saturate 

SD  Ngl 

Fr  solventless  propellant  based 

satd 

saturated 

on  NG 

sarg 

saturating 

SDO 

synthetic  drying  oils  (used  in 

sacisf 

satisfactory 

some  incendiaries) 

satn 

saturation 

SDVM 

Societa  Dinamite  Villafranca- 

SB 

Selection  Board 

Mulazzo(Ital) 

SB 

shell  bullet(exploding  bullet) 

Se 

selenium 

SB 

Siege  Battery 

SE 

Society  of  Engineers 

SB 

smooth-bore 

SE 

south-east 

Sb 

stibium(Lat)  (antimony) 

Sebomites 

Fr  chlorate  expls  of  pre  WWI 

SB 

submarine  boat 

sec(s) 

second(s) 

SB  AS 

standard  beam  approach  system 

Sec  or  Secry 

Secretary 

SBCP 

slow  burning  cocoa  powder 
(see  the  text) 

SECI 

Societe  d’Etudes  Chimiques  pour 
lTndustrie(Fr) 

Sc 

scandium 

seen 

section 

S&C 

Schaar  & Co,  Chicago  7,  111 

Securites 

Belg  expls  of  various  compns 

Sc  or  Sci 

science 

(see  the  text) 

SC 

shaped  charge 

seg 

segment 

Sc  or  Sch 

schneiderite  (Fr,  Ital  & Rus 

Seguran^a 

Braz  safety  expls  manufd  by  CNI 

expl) 

Seigata 

Jap  expl(see  the  test) 

SC 

short  case 

SEM 

Societa  Esplodenti  e Munizione 

SC 

solventless,  carbamite  (Brit 

(Roma,  Italy) 

propellant  contg  centralite) 

Sen 

Senator 

SC 

South  Carolina 

Sen 

Senior 

SCA 

Seacoast  Artillery 

Sengite 

Belg  expl(see  the  text) 

ScD 

Scientiae  Doctor(Lat); 

sens 

sensitive 

Doctor  of  Science 

sensy 

sensibility,  sensitivity 
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SEPC 

Societ^  Esplodenti  et  Prodotti 

SGD 

straight  gelatin  dynamite 
Societe  Generate  d'Explosifs 

Chimiche(Torino)  (Itai) 

SGEC 

sep(d) 

separate(d) 

Cheddite 

sepg 

separating 

SGEM 

Societa  Generale  di  Esplosivi  e 

sepn 

separation 

Munizione(Ital) 

SEPR 

Societe  d’Etude  de  ia  Propulsion 
par  Reaction(Fr)  (Society  for 
the  Study  of  Propulsion  by 

SGIMC 

Societa  Generale  per  l’lndustria 
Mineraria  e Chimica(Ital)(see 
also  SAPCM) 

Reaction  Technique) 

SGM 

ship- to-ground  missile 

Sept 

September 

SGP 

S4curite-Grisou-Poussiere  (Belg 

seq 

sequence 

expls  safe  to  use  in  gaseous  and 

ser 

series 

dusty  coal  mines) 

Seranin 

older  Swed  AN  dynamite 

SGR 

sodium  graphite  reactor 

Serg 

Sergeant 

Sh 

shrapnel’  (Rus) (shrapnel) 

Serj  Maj 

Sergeant- Major(Brit) 

SH 

Squashhead(Brit)  (see  also  HE/ 

SERL 

Signals  Engineering  Research 

SH  and  HEP) 

Laboratory 

ShCh  or  SC 

shaped  charge 

Serv 

Service 

SHAEF 

Supreme  Headquarters,  Allied 

SES 

Suffield  Experimental  Station 

Expeditionary  Forces 

(Can) 

Shakunetsuzai 

Jap  for  thermite 

SET 

Societe  d’Explosifs  Titanite 

SHAPE 

Supreme  Headquarters  of  Atlantic 

Sevranites 

Fr  plastic  expls  contg  PETN 

Powers  in  Europe 

and  Amm  perchlorate 

shell 

hollow  projectile  filled  with 

SEX 

symbol  for  1-acetylocta- 

expl  or  other  material 

hydro-3,5 ,7-trinitro-l,3,5,7- 
tetrazocine 

Shellite 

Brit  expl  contg  PA  70  & DNPh  30% 
(See  also  Tridite) 

SF 

safety  fuze 

SHF 

super  high  frequency(3000  to  30000 

SF 

San  Francisco 

megacycles  per  second) 

SF 

sans  flammes(Fr)(flashless) 

Shimose;  \ 

Jap  cast  PA  prepd  by  a special 

SF 

sans  fumee  (Fr)(smokeless) 

Shimose-  l 

method 

SF 

Santa  Fe 

bakuyaku  or  j 

sf 

self- feeding 

Shimosite  ) 

SF 

semi-fixed 

Shoanbakuyaku 

Jap  AN  expl 

SF 

signal  flare 

Shoanyaku 

Jap  coal  mining  expls 

SF 

supersonic  frequency 

Shobenyaku 

Jap  expls(see  the  text) 

SFE 

Societe  Fran^aise  des 

Shoeiyaku 

Jap  for  PETN 

Explosifs 

Shokamen 

Jap  for  NC(Menkayaku) 

SFHEPC 

Societe  Franco-Hellenique 

Shokayaku 

Jap  propellant 

d’Explosifs  et  Produits 

Shonayaku 

Jap  expl 

Chimiques(Ktipito,  Greece) 

SHORAN 

short  range  navigation 

Sf i 

sulfide 

shot 

solid  projectile  or  slug 

SFIEC 

Societe  Franco-Italienne 

Shotoyaku 

Jap  50/50  amatol 

d’Explosifs  Cheddite 

Shouyaku 

Jap  for  cyclonite  and  some  of  its 

SFMCTG 

Societe  Fran^aise  des 

expls(see  also  Tanayaku) 

Munitions  de  Chasse,  de  Tir 
et  de  Guerre(Fr) 

SHOE  A 

Supreme  Headquarters  of  the 
European  Army 

Sfo 

sulfone 

sh  t 

short  ton(907. 18  kg  or  2000  lb)  (US) 

SFOD 

San  Francisco  Ordnance 

shth 

sheath 

-District,  Oakland,  Calif 

shthg 

sheathing 

SG 

smoke  generator 

sh/  w 

short  wave 

SG 

specialist  in  gunnery 

Si 

silicon 

SGACI 

Scientific  Glass  Apparatus 

SI 

specific  impulse 

Co,  Inc,  Bloomfield,  NJ 

SI 

start  of  ignition(of  liq  propellants 
in  rockets) 
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SIA 

Societa  Italians  Ansaldi  (Ital) 

SMG 

sub-machine  gun 

Sib 

Siberia 

Smith  Inst 

Smithsonian  Institute, 

SIB 

Special  Intelligence  Bureau 

Washington,  DC 

SIB 

Special  Investigation  Board 

smk  sh 

smoke  shell 

SIDB 

Societ^  Italiana  Davy  Bickford 

smk  sig 

smoke  signal 

at  Taino(Ital) 

SMLE 

short  magazine(or  model)  Lee- 

SIEB 

Societa  Italiana  Ernesto  Breda 

Enfield(rifle)  (Brit) 

(Ital) 

smls 

seamless 

Siem 

Ital  sporting  propellant 

smpl 

sample 

SIEP 

Societa  Italiana  dell’Esplosivo 

SMRE 

Safety  in  Mines  Research 

Prometheus 

Establishment(Brit) 

SIG 

Schweizerische  Industrie- 

SN 

saponification  number 

geseIlschaft(Neuhausen)(Swiss) 

SN 

sodium  nitrate 

sig 

signal 

Sn 

stannum(Lat),  tin 

SigC 

Signal  Corps 

snafu 

situation  normal,  all  fouled  up 

sign 

signature;  signify 

(Amer  slang) 

Silites 

older  types  Fr  & Ital  cannon 

SNECMA 

Societe  Nationale  d’Etude  et  de 

propellants 

Construction  de  Moteurs 

Simplonit 

Swiss  expl(see  the  text) 

d’Aviation(Fr) 

sin 

sine 

SNF 

Societe  Nobel  Fran^aise 

sing 

singular 

SNL 

Standard  Nomenclature  List 

SIPE 

Societal  Italiana  Prodotti 

SNM 

Society  of  Nuclear  Medicine 

Esplodehti  (Milano) 

SNSE 

Society  of  Nuclear  Scientists  and 

Sipe 

Ital  sporting  propellant 

Engineers 

Siperite 

same  as  MNDT 

SO 

Stationery  Office(Brit)(see  HMSO) 

SIPRE 

Snow,  Ice  and  Permafrost  Research 

SOA 

School  of  Artillery 

Establishment 

SOC 

Shell  Oil  Co,  San  Francisco,  Calii 

sit 

situate 

SOC 

Standard  Oil  Co,  Whiting,  Ind 

SIT 

spontaneous  ignition  temperature 

SO CONY 

Standard  Oil  Co  of  New  York 

sitd 

situated 

Socy 

Society 

sitn 

situation 

SOD 

Savanna  Ordnance  Depot, 

Sixolite 

code  name  for  tetramethylol- 

Savanna,  111 

cyclohexanolpentanitrate 

SOD 

Seneca  Ordnance  Depot,  Romulus, 

Sixonite 

code  name  for  tetramethylol- 

SOD 

Sierra  Ordnance  Depot,  Herlong, 

cyclohexanonetetranitrate 

Calif 

SJ 

steel  jacket 

SOD 

Sioux  Ordnance  Depot,  Sidney,  Nel 

SJOD 

San  Jacinto  Ordnance  Depot, 

SOD 

Springfield  Ordnance  District, 

Channelview,  Tex 

Springfield  1,  Mass 

SL 

separate-loading 

SODC 

Standard  Oil  Development  Compan; 

si 

slight(ly) 

SOFAR 

sound  fixing  and  ranging 

S/L 

streamlined 

Sofranex  A 

Fr  plastic  expl  contg  NG,  CC,  AN 

SLEEP 

Swedish  Low-Energy  Experimental 

A1  & liq  DNT 

Pile 

sol 

soluble 

SLOD 

San  Louis  Ordnance  District, 

Solenita 

Ital  rifle  propellant 

St  Louis  1,  Mo 

soln 

solution 

S/Lt 

Second  Lieutenant 

solv 

solvent(s) 

si  sol 

slightly  soluble 

soly 

solubility 

sly 

slowly 

solys 

solubilities 

Sm 

samarium 

Soms 

Somersetshire,  Engl 

SM 

strategic  missile 

Son 

Sonora,  Mexico 

S/M 

submarine 

SONAR 

Submarine  Sound  Operation, 

SMAC 

Senate  Military  Affairs  Committee 

Navigation  and  Ranging 

SMC 

Sten  machine  carbine(Brit) 

SOP 

Scranton  Ordnance  Plant,  Scranton 
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SOS 

smoke  obscuring  screen 

sq  m or  mJ 

square  meter(s) 

SOS 

sniping,  observation  and  scouting 

sq  mi 

square  mile(s) 

distress 

sq  mm 

square  millimeter(s) 

SOS 

international  distress  signal 

sq  yd 

square  yd(s) 

sow 

Sunflower  Ordnance  Works, 

Sr 

Senior;  Senor(Span) 

Lawrence,  Kan 

SR 

short  rifle 

SP 

self-propelled 

SR 

sound  ranging 

SP 

Service  des  Poudres(Fr) 

SR 

Special  Regulation(s) 

SP 

single-perforated(propellant) 

SR 

Special  Report(s) 

SP 

smokeless  propellant 

Sr 

strontium 

sp 

solidification  or  setting  point 

SR 

synthetic  rubber 

SP 

solid  propellants(Rocketry) 

SRDE 

Signals  Research  and  Development 

sp 

specific 

Establishment 

SP 

Supply  Post 

SRED 

Scientific  Research  and  Experi- 

SP,; SP2;  SPa 

black  powders  used  by  the 

ments  Department(Naval) 

French  in  cannons  prior  to 

SRI 

Southwest  Research  Institute, 

invention  of  smokeless  pro- 

San Antonio,  Tex 

pellants 

SRI 

Stanford  Research  Institute, 

SPAR 

Super  Precision  Approach 

Stanford,  Calif 

Radar 

SRMLE 

short  rifle  military,  Lee- 

SPAT 

self-propelled  antitank 

Enfield(Brit) 

SPCEBC 

Soci^te  des  Produits  Chimiques 

SS 

single  shot(firearm) 

et  d’Explosifs  Berges,  Corbin 

SS 

star  shell 

et  Companie(Grenoble)(Fr) 

SS 

steamship 

SPCGM 

self-propelled  carerpillar 

SS 

supersensitive 

gun- mount 

SSA 

Selective  Service  Act 

SPE 

Society  of  Plastics  Engineers 

SSA 

Social  Security  Administration 

Spec(s) 

Specification(s) 

SSAGCD 

Schweizerisch  Sprengstoff 

SPG 

self-propelled  gun 

Aktiengesellschaft  Cheddit  & 

SP  gr 

specific  gravity 

Dynamit  (Liestal  & Isleton, 

sp  ht 

specific  heat 

Switzerland) 

SPI 

Society  of  the  Plastics 

SSEGB 

Societe  Suisse  des  Explosifs, 

Industry 

Gamsen-Brif;ue 

SPIA 

Solid  Propellants  Information 

SSF 

Schweizerische  Sprengstoff 

Agency,  Johns  Hopkins 

Fabrik,  AG,  Dottikon,  Switzerland 

University,  Silver  Spring,  Md 

SSG 

submarine  guided  missile 

splty 

specialty 

SSLI 

Sargent  Scientific  Laboratory 

SPM 

self-propelled  mount 

Instruments,  Chicago  30,  III 

spont 

spontaneous 

SSM 

ship-to-ship  missile 

spr 

sapper 

SSM 

surface-to-surface  missile 

sp  vol 

specific  volume 

SSME 

Societa  Sarda  Materie  Esplodenti 

SpW 

Special  Weapon 

(Caglieri,  Sardinia)  (Ital) 

SPXEC 

Special  Executive 

SSN 

symbol  for  nuclear  powdered 

spzd 

specialized 

submarine 

Sq 

Squadron 

SSN 

Specification  Serial  Number 

sq 

square 

SSP 

start  of  sustained  pressure 

SQ 

super  quick  (Brit) 

(Rocketry) 

SQC 

Soldier’s  Qualification 

SSPF 

Staatliche  Schwarzpulverfabriken 

sq  cm  or  cm2 

square  centimeter(s) 

(Aubonne  & Chur)  (Swiez) 

Sq(D) 

dive  squadron 

SSR 

symbol  for  radar  picket  submarine 

sq  ft 

square  foot(feet) 

ST 

starting  time 

sq  in  or  in2 

square  inch(es) 

Sta 

Station 

sq  km 

square  kilometer(s) 

Stab 

stabilizer 
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STAF 

Strategic  Air  Force  Staffs, 

suspd 

Staffordshire,  Engl 

suspn 

(star)* 

after  Mark  as  MkV*  denotes  a 

Suss 

minor  design  modification  in 

SUV 

Ordn  items(Brit) 

SV 

std 

standard 

sv 

stdz 

stand  ardize 

SVB 

stdzn 

standardization 

SW 

$te 

Societe  (Fr)  (Society) 

sw 

SW 

S t^yme 

Societe  Anonyme(Fr) 

swe 

(Joint  Stock  Company) 

Swed 

5tl 

stilbene 

SwedP 

STP 

standard  temperature  and 

SWG 

pressure 

SwissP 

strg 

strength,  strong 

Switz 

STR 

Submarine  Thermal  Reactor 
(as  in  the  Nautilus) 

sym-  or  s- 

symb 

syn 

Synd 

synch 

su 

' 'solventless,  urethane” 
(Brit  propellant) 

Sub 

sub  or  subm 

Subaltern(Brit) 

submarine 

sub 

sub-cal 

subway 

sub-caliber 

syr 

syry 

subd 

subdivision 

sy  st 

subj 

subject 

subl 

sublime(s) 

subln 

sublimation 

T or  Tk 

subm  or  sub 

submarine 

T 

subs 

subsidiary 

T 

subseq 

subsequent 

T 

subs 

substance,  substitute 

t-  or  tert- 

Sue 

sucrose 

succr 

successor 

T 

SucON 

sucrose  octanitrate 

T 

SUE 

Societe  Universelle  des  Explosifs 

t 

suff 

sufficient 

Suff 

Suffolk,  Engl 

tdg) 

Sug 

sugar 

SUM 

surface-tO’underwater(guided) 

missile 

T 

Sund 

Sunday 

T 

Superforcite 

Belg  gelatin  dynamite 

T 

supers 

supersaturated 

/T 

SupHqs 

Supreme  Headquarters 

T 

SUPO 

Super  Power  Water  Boiler 

T 

(Reactor) 

T 

suppl 

supplement 

T 

supra 

Lat  for  "above  ”-used  to  refer 

T 

to  earlier  parts  of  the  book 

T 

Supt 

Superintendent 

SuptDoc 

Superintendent  of  Documents 

surf 

surface 

T(poudre) 

Surr 

Surrey,  Engl 

/T 

suspended 
suspension 
Sussex,  Engl 

Saybolt  Universal  Viscosity 
saponification  value 
striking  velocity(Brit) 

Societa  Vulcania  di  Brescia  (Ital) 
short  waves 
South  Wales 
South-  west 

Special  Weapons  Center 
Sweden,  Swedish 
Swedish  Patent 
Standard  Wire  Gauge(Brit) 

Swiss  Patent 

Switzerland 

symmetrical 

symbol 

synonym 

syndicate 

synthetic 

syrup 

syrupy 

system 

T 

tank 

target  an^le 

technical 

temperature 

tertiary(as  applied  to  type  of 

organic  compound 

time 

toluene(Fr  & Ital) 

ton,  short(US)  = 2000  lb  = 907.1 8 kg 

0.8929  lg  t 

ton,  long(Brit)  = 2240  lb  = 1016.05 
1.1200t  (short) 

metric  ton  = 1000  kg  = 2204.62  lb  = 

1.1023  t = 0.9842  lg  t 

torpedo 

tracer 

with  tracer(Brit) 
tri 

tritium 

troril  or  tol(Rus)(TNT) 

Troy  (weight)  (1  lb  = 373.2418g) 
tubular  propellant(Brit) 
followed  by  a number  (eg  T28) 
signifies  an  experimental  un- 
standardized item 
Fr  sporting  propellant 
with  tracer(Brit) 
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T, 

Fr  & Ital  for  MNT 

TEE 

Torpedo  Experimental  Establish- 

Ta 

Fr  & Ital  for  DNT 

ment 

T, 

Fr  & Ital  for  TNT 

TEG 

triethyleneglycol 

t4 

Fr  & Ital  for  RDX 

TEGDN  or  TEGN 

triethyleneglycoi  dinitrate 

Ta 

tantalum 

TEGMN 

triethyleneglycol  mononitrate 

TA 

triacetin 

TEL 

tetraethyllead 

TAC 

Tables  Annuelles  Inter- 

teleg 

telegram 

nationales  de  Constantes  et 

teleph 

telephone 

Donnees  Numeriques  (See 

Tel  sit 

Swiss  dynamite 

in  Abbreviations  for  Books 

TeMeAN 

tetramethylammonium  nitrate 

and  Journals) 

temp 

temperature 

TAC 

Technical  Assistance 

TEN 

Rus  designation  for  PETN 

Committee 

TeNA 

tetranitroaniline 

TACAN 

Tactical  Air  Navigation 

TeNAns 

tetranitroanisole 

(System) 

TeNAzxB 

tetranitroazoxybenzene 

TACC 

Tactical  Air  Control  Center 

TeNB 

tetranitrobenzene 

TAM/DNLC 

Titanium  Alloy  Mfd,  Div  of 

TeNBPh 

tetranitrobiphenyl(same  asTeNDPh) 

National  Lead  Co 

TeNCbl 

t etr  an  itrocarb  anilide 

tan 

tangent 

TeNCbz 

tetranitrocarbazole 

Tanayaku 

Jap  RDX  expls(see  also 

TeNDG 

tetranitrodiglycerin 

Shouyaku) 

TeNDMBDNA 

tetranitrodimethylbenzidine- 

Tanoyaku 

Jap  expi  contg  RDX,  TNT 

dlnitramine 

& tetryl 

TeNDPhA 

tetranitrodiphenylamine 

TAP 

time  and  percussion  (fuze) 

TeNDPhEta 

tetranitrodiphenylethane 

TAP  PI 

Technical  Association  of 

TeNDPhEth 

tetranitrodiphenyl  ether 

the  Pulp  and  Paper  Industry 

TeNDPhEtla 

tetranitrodiphenylethanol  amine 

TATNB 

triaminotrinitrobenzene 

TeNHzB 

tetranitrohydrazobenzene 

(classified) 

TeNMe 

t etr  an  itro  methane 

TAX 

symbol  for  1-acetylhexahydro 
-3,5“dinitro-s-triazine 

TeNMA  or ; 
TeNMeA  / 

tetranitromethylaniline 

TB 

Technical  Bulletin 

Tenn 

Tennessee 

Tb 

terbium 

TeNN 

tetranitronaphthalene 

TB 

tracer  bullet 

TeNOx  or  TNO 

tetranitrooxanilide 

TBD 

torpedo-boat  destroyer 

TeNPhMNA  ori 

tetranitrophenylmethylnitramine 

Tbis 

Fr  pistol  propellant 

TeNPhMeNA  J 

TC 

Tennessee  Corp,  Atlanta,  Ga 

tent 

tentative 

TC 

tracer  composition 

TeNT 

tetranitrotoluene 

TCA 

Twin  Cities  Arsenal, 

TeNTMB  or 

3,5,3,'  5'  -tetranitro-4,4'  -tetra- 

Minneapolis,  Minn 

TeNTMeB  ) 

methyldiaminobiphenyl 

TCC 

Thiokol  Chemical  Corp, 

TePhUr 

tetraphenylurea 

Trenton,  NJ  and  Elkton,  Md 

TERI 

torpedo  effective  range 

(see  also  RMD/TCC) 

T errit 

Swed  plastic  perchlorate  type 

TD 

tank  destroyer 

expl(see  the  text) 

TD 

torpedo  detonating 

tert 

terti  ary 

T*Day 

Termination  of  War  Day 

TETeA 

triethylenetetramine 

TDE 

Technical  Development 

Tetracene 

guanylnitrosaminoguanyltetrazene 

Establishment(India) 

Tetra-Di-Salt 

tetramethylammonium  dinitrate 

Te 

tellurium 

Tetralita 

Span  for  tetryl 

Te 

terra 

Tetra-Salt 

tetramethylammonium  nitrate 

TeAA 

tetraazylazide 

(see  PATR  2510,  p Ger  197) 

tech 

technical 

T etra-tetryl 

tetra(2, 4,6- trinitro)-phenyl- 

T.ech 

Technician(a  specialist  rating) 

nitraminomethyl)  methane 
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Tetrethyl 

Fr  for  ethyltetryl 

Tm 

thulium 

tetrg 

tetragonal 

TM 

time,  mechanical(fuze) 

tetrh 

tetrahedral 

TM 

trade  mark 

Tetroxyi 

2,4,6-trinitrophenyl- 

TM 

training  manual 

methoxynitramine 

TM 

trench  mortar 

Tetryl 

N,2,4,6-tetranitromethylaniline 

T-Man 

treasury  department  man 

Tetrytol 

mixt  of  tetryl  & TNT 

TMB 

trench  mortar  bomb 

Tex 

Texas 

TMC 

Thompson  machine  gun 

Tez 

tetrazole 

TMD 

Torpedo  and  Mine  Department 

TF  or  TiF 

time  fuze 

TMEMT 

trimethylolethylmethane  trinim 

Tg 

target 

TMG 

turret  machine  gun 

TG 

trotil-gheksoghen(Rus 
for  TNT-RDX  mixes) 

TMMMT 

trimethylolmethylmethane 

trinitrate 

TGB 

torpedo  gunboat 

T-Mor 

trench  mortar 

TGSC 

Texas  Gulf  Sulfur  Co,  New  York 

T-Mun 

trench  munition 

17,  NY 

TN 

total  nitrogen 

Th 

thorium 

TN  or  Tn 

Frfor  TNN  (trinitronaphthalene 

theor 

theoretical 

TNA 

trinitroaniline 

therm 

thermal 

TNAmPh 

trinitroaminophenol 

therm 

thermometer 

TNAns 

trinitroanisole 

thermo 

thermostat 

TNB 

trinitrobenzene 

thermoch 

thermochemical 

TNBA 

trinitrobenzaldehyde 

thermod 

thermodynamics 

TNBA 

trinitrobenzoic  acid 

Thional 

code  name  for  pentanitrodiphenyl- 

TNBzN 

trinitrobenzyl  nitrate 

sulfone 

TNC 

see  TeNCbz 

THOD 

Terre  Haute  Ordnance  Depot 

TNC1B  or  TNCB 

trinitrochlorobenzene 

Thui 

Thursday 

TNCrs 

trinitrocresol 

TI 

technical  information 

TNDMA  or] 

trin  itrod  imethyl  an  iline 

Ti 

titanium 

TNDMeA  ; 

TIB 

target  identification  bomb 

TNDPhA 

trinitrodiphenylamine 

TIB 

Technical  Information  Bureau(Brit) 

TNEB  or  TNEtB 

mnitroethylbenzene 

TIC 

temperature  of  initial  combustion 

TNEDV  or  ] 

trinitroethyldinitrovalerate 

TID 

Technical  Information  Division 

TNEtDNV  j 

TIDU 

Technical  Intelligence  Docu- 

TNETB or  'i 

trinitroethyltrinitrobutyrate 

ments  Unit 

TNEtTNBu  ) 

(classified) 

TiFz 

time  fuze 

TNG 

trinitroglycerin 

TILS 

Technical  Information  and  Library 

TNM  or  TNMe 

trinitromethane 

Services(Brit) 

TNMA  or  TNMeA 

trinitromethylaniline 

TIS 

Technical  Information  Service 

TNMel 

trinitromelamine 

(Canada) 

TNMes 

trinitromesitylene 

Titanites 

Fr  expls  contg  AN,TNT  & 

TNN 

trinitronaphthalene 

charcoal  from  curcuma 

TNO 

see  TeNOx 

titr 

titrate 

TNPE 

tetranitro  de  pentaeritrita  (Span 

titrn 

titration 

(PETN) 

Tk,  tk  or  T 

tank 

TNPh 

trinitrophenol  (PA) 

TkV 

tracked  vehicle 

TNPht 

trinitrophenetole 

TI 

chalium 

TNPhBuNA 

trinitrophenylbutylnitramine 

TLP 

torpedo  land  plane  (Navy;  Coast 

TNPhDA 

trinitrophenylenediaraine 

Guard)  (US) 

TNPhENA  or  j 

trinitrophenylethylnitramine 

TLV 

troop  landing  vessel 

TNPhEtNA  | 

TM 

tactical  missile 

TNPHMNA  or  i 

trinitrophenylmethylnitramine 

TM 

technical  manual 

TNPhMeNA  ) . 

TM 

technical  memorandum 

TNPhMNNAPh  or] 
TNPhMeNAPh  j 

trinitrophenylmethylnitramino- 

phenol 

Abbr  53 


TNR 

tr  in  i tror  e sore  inol 

trim 

trimetric 

TNRS 

trinitroresortsinat  svintsa(Rus) 

Trimonite 

mil  expl  contg  PA  & MNN 

(lead  styphnate) 

Trinal 

same  as  TNN 

TNStl 

trinitrostilbene 

Trinitril 

code  name  for  glycerol-a,  2,4,6- 

TNT 

trinitrotoluene(TNT) 

Triogen 

tri-nitrophenol ether  dinitrate 

TNTAB 

trinitrotriazidobenzene 

a term  proposed  by  Dr  H.J. 

TNTC1B 

trinitrotrichlorobenzene 

Matsuguma  of  PicArsn  for 

TNTMNA 

trinitrotolylmethylnitr  amine 

cyclotrimethylenetrinitrosaraine 

TNX 

trinitroxylene 

(R-salt) 

TO 

Technical  Order  (US  Air  Forces) 

Tri-Salt 

triraethylammonium  nitrate 

(corresponds  to  TIA  of  US  Array) 

Trisol 

Ger  & Swiss  name  for  TNAns 

To 

see  lg  t 

trit 

triturate 

TOD 

Tooele  Ordnance  Depot, 

Tritolo 

Ital  for  TNT 

Tooele,  Utah 

Triton 

same  as  TNT 

Tol  or  Tolit 

Rus  for  TNT 

Tritonal 

expl  contg  TNT,  AN  & Al 

Tolamite 

Fr  plastic  expl  contg  NG,  CC, 

Tri-Trinol 

Ger  expl(see  PATR  2510,  p 209) 

AN,  liq  DNT  & Wood  meal 

trnsln 

translation 

Tolite 

Fr  for  TNT 

Trojan(explosive) 

nitrostarch  expl  contg  Na  nitrate, 

Ton(Brit) 

long  ton  of  2240  lb 

Ba  nitrate,  oil  & a stabilizer 

Tonite 

Belg  & Brit  expl  contg  GC 

(see  the  text) 

and  Ba  & Na  nitrates 

Trotil 

Rus  for  TNT 

TopSec 

top  secret 

Trotyl 

Brit,  Ger  & Swiss  for  TNT 

Tor 

torpedo 

TS 

top  secret 

TORPCM 

torpedo  counter  measures 

TS 

torpedo  shell 

and  deception 

TSG 

Technical  Service  Group 

Torpex 

expl  contg  RDX,  TNT  & AI 

T/Sgt 

Technical  Sergeant 

TorT 

torpedo  tube 

TSMG 

Thompson  sub-machine  gun 

tot 

total 

TSMV  1-101 

see  Scbiesswolle  18 

Total  it 

Swiss  expl  contg  AN  & 

TSP 

torpedo  seaplane 

paraffin 

TSQ 

time  and  superquick 

toxy 

toxicity 

TSQ 

torpedo  seaplane(Navy) 

T/P 

tank  piercing 

TSR  . 

torpedo-  spotter-reconnais  sance 

TP 

target  practice 

T-Stoff 

(airplane) 

Tp 

troop 

Ger  designation  for  80-85%  H202 

TPC 

Trojan  Powder  Co,  Allentown, Pa 

TSVP 

tournez  s'il  vous  plaft(Fr)(over) 

TPEON 

tripent aery thri tol  octanitrate 

TT 

teletype 

(classified) 

TT 

torpedo  tube 

Tpk 

turnpike 

TT 

towed  target 

TP-T 

target  practice,  tracer 

TTE 

Tropical  Testing  Establishment 

tr  or  T 

trace,  tracer 

(Brit) 

Tr 

transactions 

TU 

University  of  Texas,  Austin  12, 

TR 

true  range 

Tex 

trac 

tractor 

TU 

toxic  unit 

Tri 

Ger  & Swiss  for  TNT 

Tu 

Tuesday 

Trialen 

Ger  & Ital  expls  (see  PATR 
2510,  p 203) 

Tube  (of  ammo) 

primer  used  with  separate- loading 
ammo  and  firing  through  the 

trie 

triclinic 

breech  mechanism  of  the  gun(Brit) 

Tridites 

roil  expls  contg  PA  & DNPh 

turp 

turpentine 

in  various  propns(see  also 

TV 

television 

Shellite  & Nellite) 

TV 

terminal  velocity 

trig 

trigonal 

TV  A 

Tennessee  Valley  Authority 

Trilita 

Span  for  TNT 

°Tw 

degree  Twadell(concentration) 

Trilite 

same  as  TNT 

TWA 

Trans-World  Air  Lines 
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Ty 

typ 

Type  1,  type  2, 

etc 

typog 

typw 

Tz 

U 

V 

U 

U or  Univ 
U 

T 1 

u 

UAL 

TJAM 

U-boat 

u/c 

UC 

uc 


uccc 

UCDWR 

UCLA 

UCRL 

UDMH 

UDOP 

UDU 

UEESA 

UERL 

UFIa 

UHF 

VI 

UK 

UKAEA 

u'XSM 

ule 

u/ra 

UM 


Fr  designation  for  Tetryl 
typical 

jap  expis(see  the  text) 

typographical 

typewriter 

triazole 

U 

unclassified 

underground 

unitarnyi(Rus)(fixed  round) 

University 

uranium 

T _ 1 

ucan 

United  Air  Lines 
underwater  to*  air  missile 
submarine(from  the  Ger  Unter- 
seeboot) 
undercharge 

University  College(London) 
University  of  California, 

Berkeley,  Calif 

union  Carbide  Corp,  New  York 

Union  Carbide  Chemicals  Co, 

New  York  17,  NY 

University  of  California,  Dept  of 

War  Research 

University  of  California,  Los 
Angeles 

University  of  California 
Radiation  Laboratory 
unsymmetrical  dimethyl  hydrazine 
Universal  (ultra  hi-frequency) 
Ddpp!er(supersedes  DOVAP) 
Underwater  Demolition  Unit 
Union  Espafiola  de  Explosivos, 
Sociedad  Ao6nima(Span) 
Underwater  Explosives  Research 
Laboratory,  Woods  Hole,  Mass 
University  of  Florida,  Gainesville, 

FT- 

r 

ultra-high  frequency(300  to  3000 

meoaevrles  npr 

<7  -/ I / 

University  of  Illinois,  Urbana,  111 
United  Kingdom(GtBritain) 

United  Kingdom  Atomic  Energy 
Authority 

United  Kingdom  Scientific 
Mission(in  USA) 
ultimsts 

undermentioned(on  Brit  firing 
records) 

University  of  Michigan,  Ann 
Arbor,  Mich 


Umbrite 

Ital  amatol- type  expl 

UMC 

Universal  Match  Corp,  Maynan 

\ i t? : ~~ 

auu  a*  miao 

UMT 

Universal  Military  Training 

UMWA 

United  Mine  Workers  of  Americ 

UN 

United  Nations 

unabr 

unabridged 

unacc 

unaccompanied 

UNAEC 

United  Nations  Atomic  Energy 

Commission 

unexpl 

unexploded 

unif 

uniform 

Univ 

University 

unpub 

unpublished 

uns 

unsymmetrical 

unsat 

unsatisfactory 

unsatur 

unsaturated 

unst 

unstable 

unsym-  or  u- 

unsymmetrical 

UOD 

Umatilla  Ordnance  Depot, 

v/iuiiunu^  ^ 

UP 

Union  Pacific(Railroad) 

UP 

United  Press 

UP 

University  of  Pennsylvania, 
Philadelphia,  Pa 

UP 

unrotating  projectiles  (former 
Brit  name  for  rockets) 

UPRB 

Usines  des  Poudreries  Reunie 

UrN 

de  Belgique 

UrP 

« U4L4UI.V 

urea  picrate 

Uru 

Uruguay 

US 

ultrasonic(or  supersonic) 

US 

Und  er- S e cr  e tar  y 

US 

United  Services(Armed  Forces 

US 

United  States 

USA 

union  of  South  Africa 

USA 

United  States  Array 

USA 

United  States  of  America 

USAAC 

United  States  Army  Air  Corps 

USAEC 

United  States  Atomic  Energy 
Commission 

USAF 

United  States  Air  Force 

USAF 

United  States  Army  Force 

USAFIT 

United  States  Air  Forces 
Institute  of  Technology 

USBM 

United  States  Bureau  of  Mines 

uses 

United  States  Bureau  of  Stand 

(see  NBS) 

USCG 

United  States  Coast  Guard 

USCSC 

United  States  Civil  Service 
Commission 

USD  A 

United  States  Department  of 
Agriculture,  Washington  25,  D 

Abbr  55 


US  DC 

United  States  Department  of 

USP 

United  States  Pharmacopeia 

Commerce,  Washington 

t icn  a 
vjoit  w 

T J * » A i4  C ► A *-»  D M # JOfc  A * ^ W * M A 

vuuv.u  crtatwa  i vmv'- 

25,  DC 

USPO 

United  States  Post  Office 

USE 

United  States  Engineers 

USQMC 

United  States  Quartermaster  Corps 

USEF 

United  States  Expeditionary 

USRC 

United  States  Rubber  Co, 

Forces 

Passaic,  NJ 

USG 

United  States  Gage(wire 

uss 

United  States  Senate 

caliber) 

uss 

United  States  Ship 

USG  or  USGovt  United  States  Government 

uss 

United  States  Standard 

USGPO  or  | 

United  States  Government 

uss 

United  States  Steel  Corp, 

USGovtPtg-  ] 

Printing  Office,  Washington 

Pittsburgh  30,  Pa 

Off 

25,  DC 

USSAF 

United  States  Strategic  Air  Force 

USI 

United  Services  Institution 

USSG 

United  States  Standard  Gage 

(Brit) 

USStd  Sieve 

United  States  Standard  Sieve 

USI 

United  States  Industrial 

USVA 

United  States  Veterans 

Chemical  Co,  New  York  16,  NY 

Administration 

USIA 

United  States  Information 

USW 

ultra  short  waves 

Agency 

USWB 

United  States  Weather  Bureau 

USIS 

United  States  Information 

UU 

University  of  Utah,  Salt  Lake 

Service 

City,  Utah 

USL 

United  States  Lines 

UV 

ultraviolet 

(Steamship  Co) 

uv 

uproshchennyi  vzryvatel*(Rus) 

USM 

und  e rw  at  er*  to- s urf  ace 

(simplified  pull  fuze) 

missile 

u/w 

underwater 

USM 

United  States  Marines 

uw 

University  of  Wisconsin,  Madison, 

USMA 

United  States  Military 

Wise 

Academy,  West  Point,  NY 

UWE 

underwater  explosive 

USMC 

United  States  Marine  Corps 

ux 

unexploded 

USMCA 

United  States  Marine  Corps 

UXAA 

unexploded  antiaircraft  (she  11) 

Aviation 

UXB 

unexploded  (HE)  bomb 

USMCEB 

United  States  Marine  Corps 

UXIB 

unexploded  incendiary  bomb 

Equipment  Board,  Quantico,  Va 

UXPM 

unexploded  parachute  mine 

USMP 

United  States  Military  Police 

UXTGM 

unexploded  gas-type  mine 

USN 

United  States  Navy 

USNA 

United  States  Naval  Academy, 

V 

Annannl  ic  Url 

— r — — i 

v 

value 

USN  AD 

United  States  Naval  Ammu- 

V 

v 

vanadium 

nition  Depot,  Crane,  Ind 

V or  veh 

vehicle 

USNAOTS 

United  States  Naval  Aviation 

V or  vel 

velocity 

Ordnance  Test  Station, 

v 

very 

Chincoteague,  Va 

V 

V 

volt(s)  . 

USN  AS 

United  States  Naval  Air 

V 

vintovka(Rus)  (rifle) 

SciViCw 

V or  voi 

volume 

USNATC 

United  States  Naval  Air  Test 

V 

vystrel  razdel’nago  zariazheniya 

Center,  Patuxant  River,  Md 

(Rus)  (separate-loaded  round) 

USN  EL 

United  States  Naval 

V(poudre) 

"poudre  V,f*  original  name  of 

Electronics  Laboratory 

smokeless  propellant  invented  by 

USNG 

United  States  National  Guard 

Vieille;  the  name  was  changed  to 

USNRDL 

United  States  Naval  Radio- 

“poudre  BM  in  honor  of  Gen 

logical  Defence  Laboratory 

Boulanger,  then  Minister  of  War 

USO 

United  Services  Organizations 

VA 

Veterans  Administration 

USO 

Unit  Security  Officer  (Canada) 

VA 

Vickers- Armstrong(Brit  concern 

USP 

United  States  Patent 

manufg  arms,  ordnance  and  ships) 
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Va  or  Vir 

Virginia 

VI 

Virgin  Islands 

va 

volt- ampere 

VI 

viscosity  index 

vac 

vacuum 

Vibrite 

Ital  expl(see  the  text) 

VAL 

Vickers- Armstrong,  Ltd, England 

vie-  or  v- 

vicinal 

Van  No  strand 

D.VaoNostrand  Co  Inc, 

Vic 

Victoria 

Princeton, NJ(publishers) 

Victoria 

Ital  sporting  propellant 

vap 

vapor 

Victorite 

Ital  cheddite  type  expl 

VAP 

vinylacetylene  polymer 

Vic 

Victoria 

vapzn 

vaporization 

vide  ante 

Lat  for  "see  above*' 

VAR 

Volunteer  Air  Reserve 

Vigor  ine 

older  Swed  expl 

vas 

vaseline(See  also  PG) 

Vincennite 

poisonous  mixt  used  during  WW  I 

VB 

variable  bomb(guided  bomb) 

viol 

in  Fr  chem  shells 

VB 

code  name  for  a bomber  of  the 

violet 

Naval  Air  Service 

VIP 

very  important  person  (eg,  Vice 

VBF 

code  name  for  a fighting 

Vir  or  Va 

President) 

bomber  plane  of  the  Naval 

Virginia 

Air  Service 

Virite 

Ital  black  powder  type  expl 

VC 

valeur  caloriradtrique(Fr) 

vise 

viscosity 

VC 

volt-coulomb 

Vixorite 

Span  expI(Resina  explosiva) 

vd 

vapor  density 

viz 

videlicet(Lat)  (namely) 

VD 

velocity  of  detonation 

VLF 

very  low  frequency(10  to  30 

V-Day 

Victory  Day 

v/m 

kilocycles  per  second) 

VDI 

Verein  Deutscher  Ingenieure 

volts  per  meter 

(Association  of  German  Engineers) 

VM 

code  name  for  the  Marine  Corps 

VDT 

variable  density  tunneI(aero- 

Aviation 

dynamics) 

VMG 

Vickers  machine  gun 

VE 

volume  in  cc  occupied  by  1kg  of 

VNP 

vinylnitrate  polymer 

an  expl  at  a given  density(Fr) 

Vo 

initial  velocity 

VEB 

Volkseigener  Betrieb(E  Gei) 

Vo 

initial  volume 

(People’s  Own  Concern) 

VO  A 

Voice  of  America 

VE-Day 

Victory  in  Europe  Day 

VOC 

Vickers  Ordnance  Co,  England 

veh 

vehicle 

Voc 

vocabulary 

vel 

velocity 

vol 

volume 

Velterine 

see  Welterine 

volat 

volatile,  volatilizes 

Veltex 

Amer  expl(classified) 

volaty 

volatility 

VEPE 

Vehicle  Experimental  & 

VOLSCAN 

volume  scanning(Radio  system) 

Proving  Establishment(Can) 

VOW 

vo  1 1- ohm  m e ter 

Verge 

older  Swiss  dynamites 

VOW 

Volunteer  Ordnance  Works, 

ves 

vessel(s) 

Chattanooga,  Tenn 

vet(s) 

veteran(s) 

VP 

Vice  President 

verer 

veterinary 

VPA 

Very  pistol  ammunition 

VF 

code  name  for  a fighter  plane 
of  the  Naval  Air  Service 

VPB 

code  name  for  the  Navy  Patrol 
bomber 

VF 

Fr  ballistite(see  the  text) 

VPH 

Vickers  plate  hardness 

VG 

Vickers  gun(automatic)(Bric) 

VPI 

Virginia  Polytechnic  Institute, 

VG 

vintovochnaya  granara(Rus) 

VPT 

Blacksburg,  Va 

(rifle  grenade) 

code  name  for  the  patrol  torpedo 

VH 

code  name  for  a helicopter 

plane  of  the  Naval  Air  Service 

of  the  Naval  Air  Service 

vs 

versus 

VHF 

very  high  frequency(130  to  300 

VS  & ML 

Vickers  Sons  & Maxim  Ltd,  Engl 

megacycles  per  second) 

VSW 

very  short  waves 

VHN 

Vickers  hardness  number 

VT 

vacuum  tube(radio) 

VI 

Vancouver  Island,  Can 

Vt 

Vermont 
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VTF 

variable  time  fuze  (proximity  fuze) 

WBNS 

Water  Boiler  Neutron  Source 

vv 

vice  versa 

(Reactor) 

VV 

vzryvchatoiye  veshchestvo(Rus) 

WC 

War  Cabinet(Brit) 

. (expl  sub  st) 

WC 

War  College 

VX 

code  name  of  an  experimental 

w/c 

watt  per  candle 

plane  of  the  Naval  Air  Service 

WC 

weapon  carrier 

WCC 

War  Claims  Commission 

W 

WCC 

War  Crimes  Commission 

WCC 

World  Council  of  Churches 

w 

Wales 

WCC 

Wyandotte  Chemical  Corp, 

w 

Waltham  Abbey  Arsenal, 

Wyandotte,  Mich 

Ess,  Engl 

WCSAC 

War  Cabinet  Scientific  Advisory 

w 

War 

Committee(Brit) 

w 

water 

WD 

War  Department  (now  DA  & DAF) 

w 

watt(s) 

WDC 

Western  Defence  Command 

w 

West 

WE 

Western  Electric 

W 

Westinghouse 

WE 

Westinghouse  Electric 

w 

with 

Wed 

Wednesday 

W 

wolfram(tungsten) 

Welterines  orl 

Belg  expls  based  on  A mm  tri- 

/w 

propellant  mfd  at  Waltham 

V^lterines  ] 

nitrocresylate 

Abbey(Brit) 

W/F 

wave  frequency 

W(poudre) 

an  old  Belg  black  powder 

WFAGS 

Waffenfabrik  Aktiengesellschaft 

manufd  at  Wetteren 

Salothurn(Switz) 

W(Pulver) 

an  old  Austrian  black  powder 

WFN  or  WFNA 

white  fuming  nitric  acid 

WA 

Watertown  Arsenal,  Water- 

wg 

weighing 

town  72,  Mass 

WG 

Western  Germany 

WA 

Watervliet  Arsenal, 

WG 

wire  gauge 

Watervliet,  NY 

wh 

white 

WA 

Woolwich  Arsenal,  England 

WhC 

"White  Compound"  (1, ^di- 

WAA 

War  Assets  Administration 

carboxyl, 4,6, 8-tetranitro- 

WAAC 

Women's  Army  Auxiliary 

phenazine-N-  oxide) 

Corps  (Brit) 

WhH 

White  House,  Washington, DC 

WAAF 

Women's  Auxiliary  Air  Force 

WHOI 

Woods  Hole  Oceanographic 

(Brit) 

Institution, Mass 

WAASC 

Women's  Army  Auxiliary 

WhP  or  WP 

white  phosphorus 

Service  Corps(Brit) 

whr 

watt-hour(s) 

WAC  or  Wac 

Women's  Army  Corps(USA) 

WI 

West  India 

WADC 

Wright(Patterson)Air  Devel- 

WI 

West  Indies 

opment  Center,  Patterson 

WI 

wrought  iron 

Air  Base,  Ohio 

Wiley 

J. Wiley  & Sons,  New  York  17 

WADF 

Western  Air  Defence  Force 

Wise 

Wisconsin 

WAL 

Watertown  Arsenal  Laboratory 

WIT 

Washington  Institute  of 

Walionites 

older  Belg  mining  expls 

Technology 

WAPD 

Westinghouse  Atomic  Power 

Witol 

Ger  for  synthetic  toluene 

Divis  ion 

wk 

work 

W/armt 

with  armament 

wkg 

working 

Warws 

Warwickshire,  Engl 

wkly 

weekly 

WAS 

Washington  Academy  of 

WM 

wood  meal 

Sciences 

/WM 

modified  propellant  mfd  at 

Wash 

Washington 

Waltham 

Wash,  DC 

Washington,  District  of 

WMFBC 

Werkzeugmaschinenfabrik 

Columbia 

Buhrle  & Co,  Oerlikon- Zurich 

WAVES 

Women  Accepted  for 

(Switz) 

Volunteer  Emergency  Service 

wo 

War  Office(Brit) 
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WO 

wo 

WOAS 

WOD 

Worcs 

w or  wo 

WO/W 

WP 

WP  or  WhP 
WP 


WPAFB 

WPB 

WPC 

wpc 

wpfg 

wpn(s) 

WRAC 

WRAMA 

WRC 

WRD/ES 

wRE 

WRNS 

WROW 

WS 

WSEG 


WSOW 

WSPG 

WSS 

WT 

WT 

wt 

WT  Inc 


Tfm 
n u 

WUDO 

WUTC 

WV 

WVa  or  WV 

wvow 

w/w 


Warrant  Officer 
without 

when  on  active  service 

r> 

viuiiau^v.  iyvjL;uirV7<iiUUpf^^] 

Worcestershire,  Engl 
with  or  without 
without  weapon 

West  Point  (US  Military  Academy) 
white  phosphorus 
wood  pulp 


WWI 

WWU 

Wyo 

WxjrtT  Ini  v 


X 

X 

X 


shape  propellant) 
Wright-Patterson  Air  ForceBase, 
Ohio 

War  Production  Board 
War  Problems  Committee 
watt  per  candle 
waterproofing 
weapon(s) 


X-l,  etc 

XB 

Xe 

Xilit 

Xmas 

Xylite 


Women’s  Rnval  Armv  CnmsfRrir^ 

j / — -x-  - \ ' 

Warner-Robins  Air  Materiel  Area 
War  Resources  Council 
Woolwich  Research  Dept/ 
Explosives  Section,  England 
weapons  Research  Establish* 
ment(Australia) 

Women’s  R.ouaI  Naval  Service 
(Brit) 

Wabash  River  Ordnance  Works, 

Newport,  Ind 

Wireless  Station 

weapons  System  Evaluation 

Group 

C 1 _ li* *1  _ T> 

W1I1LC  Ji 1I1US  IVll^OllC  IVitllgC, 

Las  Cruces,  NM  (formerly  WSPG) 
Weldon  Springs  Ordnance 
Works,  Mo 

White  Sands  Proving  Ground, 

T A _ r” \ui  TFJC I jT5  \ 

iNlVlViiunv  woxvjiY/ 

War  Savings  Stamp 
War  tax 

weapon  training 
weight  . 

Wallace  & Tiernan  Inc,  Buffalo 
5,  NY  (See  also  LDWTI) 

ty; * t i_ : 

wchlU  11  UUAVll 

Western  Union  Defence 
Organisation 

Western  Union  Telegraph  Co 
Women’s  Volunteers 
West  Virginia 

West  Virginia  Ordnance  Works, 

P r plpacdnf^  IPVg 

with  weapons 


Y 

Y 

vu 

X W 

yd 

yel 

Y-gun 

yld 

YMCA 

v — 

X VllVMltO 

Yorks 

yr(s) 

Yu 

Yuc 

Yugo 

YTS 

\/T  T 

1 U 

YWCA 
y-y  or  YY 


Z 

Z 

z 

z 


ZAB 

Zac 

Zar 


World  War  I 
World  War  II 
Wyoming 

T Inivpf  ciftr  A f \J? a m in  n T ariml  A U 

X 


experimental 
explosive(such  as  RDX) 
xenon 


aai^  a n< 


MUV  A VL  IrAlV 


1 

L/wguiumg  v» 


action(see  also  H-hour  and  Z-houi 
Jap  unknown  name  expls(see  the 
text) 

experimental  bomber 
Xenon 

Rus  for  TNX 


Fr  for  TNX 


Y 


year 

yttrium 
l: 

jrik^iuiuiu 

yard(9I.44cm) 

yellow 

code  name  for  a depth-charge 

launcher 

yield 

Young  Men’s  Christian  Associate 

i :-r i 

DClg  IrlScXA  ill  1U  ill  £ cxpi  syscc  cue  1C 

Yorkshire,  Engl 
year(s) 

Yukon,  Canada 
Yucatan,  Mex 
Yugoslavia 

Yuma  Test  Station,  Yuma,  Ariz 
Yale  UuivcfSityfNew  Haven*  Conn 
Young  Women’s  Christian  Associa 
yellow-yellow  (double  star 
rocket)  (AC  signal) 

Z 

zazhigatel  ’nyi(Rus)(inceodiary) 

zenith 

zero 

zone 

zerutuaya  ar tiller iya(Rus)  (A A 
artillery) 

zazhigatel’naya  aviobomba(Rus) 
(incendiary  aerial  bomb) 
Zacatecas,  Mex 

zariad(porokhovoy  )(Rus)  (charge 
propellant) 
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ZEEP 

zero  energy  experiment  pile 

ZF  or  Z/F 

zone  of  fire 

Z-hour 

Zero  hour(Brit)  same  as  H- 
hour(US) 

Zn 

zinc 

ZP 

code  name  for  a small 
dirigible 

Zr 

zirconium 

ZSF 

Ziindschnurfabriken  in 
Schindellegi  (Switz)(see  also 
ISA) 

zv 

zazhigatel’noye  veshchestvo 
(R us) (incendiary  substance) 
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SUPPLEMENT  TO  ABBREVIATIONS 


ABC 

atomic,  bacteriological,  chemical 
(warfare) 

ack-ack 

antiaircraft  (originated  among  Brit 
signalmen) 

Acrolein 

Fr  CWA  of  WWI,  desgnd  Papite 

Adamsite 

Brit  design  for  diphenyl  amino- 
chloro arsine  (CWA) 

ADCC 

Air  Defence  Control  Center 

ADF 

auxiliary  detonating  fuze 

ADGB 

Air  Defence  of  Great  Britain 

ADRDE 

Air  Defence  Research  and  De- 
velopment Establishment  (Brit) 

afF 

Array  Field  Forces 

AFR 

after  flame  ratio 

AFSC 

Armed  Forces  Staff  College, 
Norfolk,  Va. 

AIR 

air-arming  impact  rocket 

Ala 

Alabama 

Alas 

Alaska 

ALBM 

air-launched  ballistic  missile 

AMSCE 

Array  Map  Service,  Corps  of 
Engineers,  Washington,  DC 

anpd/ge 

Aircraft  Nuclear  Propulsion 
Department,  General  Electric 

AOMC 

Army  Ordnance  Missile  Command 

AOTS 

Aviation  Ordnance  Test  Station, 
Chincoteague,  Va 

APC-BC 

armor-piercing  capped,  ballistic  cap 

APCC 

Americal  Potash  & Chemical 
Corporation 

APD 

Atomic  Products  Division 

APDS 

armor-piercing,  discarding  sabot 

Aquinite 

Fr  desgn  for  chloropicrin  (CWA) 

AR 

aircraft  rocket 

ARDC/BMD 

Air  Research  and  Development 
Command,  Ballistic  Missile 
Division,  Palo  Alto,  Calif 

ARL 

aircraft  rocket  launcher 

ARP  A 

Advanced  Research  Projects  Agency 

ART 

Army  Research  Task 

ART 

automatic  range  tracking 

ARTS 

Army  Research  Task  Summary 

ASAES 

Army  Small  Arms  Experimental 
Station 

A-Stoff 

Ger  desgn  for  chloroacetone  (CWA) 

ATAR 

antitank  aircraft  rocket 

ATRAN 

automatic  terrain  recognition  and 
navigation  (system) 

AUW 

air-  to- underw  ater 

AW 

above  water  (Brit) 

Abbr  60 


& 


BA 

US  desgn  for  bromoacetone  (CWA) 

CERCHAR 

f 

Centre  d’Etudes  et  de  Rechercf 

BAR 

Browning  automatic  rifle 

des  Charbonnages,  Verneuil,  Fi 

BASF 

Badische  Anilin  Si  Sodafabriken, 

CF 

center  fire  (Brit) 

Germany 

CGM 

Committee  on  Guided  Missiles( 

BDF 

base-detonating  fuze 

CIC 

Combat  Information  Center 

BENELUX  or'' 

R 1 r*  i nm-MotUArl  

Cici 

P r rvn  r i r*Vi!  Cv  fn  Oh  Viifl  Atki 

■*-  1 IV  l 

Benelux  1 

Luxemburg 

(CWA) 

BER 

British  experimental  rocket 

CK 

symbol  for  cyanogen  chloride(C 

Berthollite 

Fr  for  chlorine  (CWA  of  WWI) 

Clark  I 

Ger  desgn  for  biphenylchloroar 

BFP 

Bureau  of  Fire  Prevention 

(CWA) 

Bibi 

Fr  desgn  for  dibromomethylether (CWA) 

Clark  II 

Ger  desgn  for  biphenylcyanoar; 

Blaukreuz 

Ger  desgn  for  some  CWA’s  (See  Blue 

(CWA) 

Cross  Ammunition  in  the  text) 

/"XI 

TtC  J _UI - 1 

UCO^Il  1U1  GlllUlUaCCLUpilCUG 

BLC 

base-loaded,  capped  (shell) 

(tear  gas)  (CWA) 

BLC 

breech-loading,  converted  (Brit) 

CNC 

symbol  for  chloroacetophenone 

BL&P 

blind  loaded  and  plugged  (inert  loaded 

in  chloroform 

proj  with  plugged  tracer  cavity) 

Collongite 

Fr  desgn  for  phosgene  and 

BL&T 

blind  loaded  with  tracer  (inert  loaded 

diphosgene(CWA) 

proj  with  tracer) 

combsrn 

combustion 

Bn 

Ger  desgn  for  bromometnyierhyiacerone 

k,uiv]r 

Charlotte  Ordnance  Missile  Pi; 

(CWA) 

Charlotte,  NC 

BNW  or  \ 

Bureau  of  Naval  Weapons 

condn 

condition 

BuWeps  j 

crcb 

crucible 

Bretonite 

Fr  desgn  for  iodoacetone  (CWA) 

CS 

cast  steel  (Brit) 

BRLI 

Bjorksten  Research  Laboratories, 

cs 

common  shell  (Brit) 

Incorporated 

C-Stoff 

Ger  CWA  of  WWI,  dimethylsulfs 

B-Stoft 

Ger  desgn  for  bromoacetone 

75  & methyichiorosuifonate  25! 

(lachrymator) 

CWLR 

Chemical  Warfare  Laboratories 

BuAer 

Bureau  of  Aeronatuics  (US  Navy)  (now 

Reports 

part  of  BuWeps) 

Cyclite 

Fr  desgn  for  benzylbromide  (O 

Buntkreugz- 

See  PATR  2510  (1958),  p 271 

Cyclon 

Ger  desgn  for  mixt  of  tech  met! 

schiessen 

& ethyl cyanoformates  with  ca 

BuOrd 

Bureau  of  Ordnance  (US  Navy)  (now 

of  esters  of  chloroformic  acid  ( 

part  of  BuWeps) 

Burrowite 

Mil  expl  contg  AN,  TNT  & A1  (see 

D 

the  text) 

BuWeps 

Bureau  of  Naval  Weapons  (which 

d 

deci  = 10"1 

assumed  the  responsibility  of  the 

D 

Di-,  such  as  Dinitrobenzene 

BuAer  & BuOrd) 

D 

in  jato  unit  nomenclature 

designates  a cast  double-base 

C 

propellant 

DA 

US  desgn  for  biphenylchioroari 

c 

centi  “ 10-2 

(CWA) 

1 cl 

common  to  both  Land  and  Naval 

DAG 

Dynamit  Aktiengeselischaft, 

Service  (Brit) 

Germany 

CA 

US  desgn  for  a-bromobenzylcyanide 

DC 

symbol  for  biphenylcyanoarsin 

(CWA) 

DEFA 

Direction  et  Etudes  des  Fabric 

Camite 

Fr  desgn  for  CA  (CWA) 

dfArmement  (Fr) 

Campiellite 

Ital  desgn  for  cyanogen  bromide  (CWA) 

DI 

dark  ignition 

CB 

Brit  abbrn  for  cyanogen  bromide  (CWA) 

Dick 

Ger  desgn  for  ethyldichloroars 

CCIA 

Chemical  Corps  Intelligence  Agency 

(CWA) 

CD  A 

US  desgn  for  Clark  II 

Diphosgene 

symbol  for  perchloromethylforn 

(CWA) 
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dk 

deka  n 10 

DM 

US  desgn  for  Adarasite  (diphenyl- 
aminochloroarsine)  (CWA) 

DME/RD 

Directorate  of  Materials  and 
Explosives,  Research  and  De- 
velopment (Brit) 

DMIC 

Defense  Metals  Information 
Ceoter,  Batelle  Memorial 
Institute,  Columbus,  Ohio 

DN 

Department  of  the  Navy 

DO 

dissolved  oxygen 

DOD 

Department  of  Defense  (US) 

DP 

symbol  for  diphosgene  (trichloro- 
methylchloroformate)  (CWA) 

DR 

direction  ranging 

DR 

distant  range 

DRE 

Defense  Research  and 
Engineering 

DRL 

Defense  Research  Laboratory 

DSFS 

discarding  sabot  fin  stabilized 
(projectile) 

D-Stoff 

Gern  desgn  for  phosgene  and 
diphosgene  (CWA) 

DT 

day  tracer  (Brit) 

DWM 

Deutche  Waffen-  und 
Munitionsfabriken,  Germany 

E 


ED 

US  desgn  for  Ger  CWA  "Dick” 
(ethyldichloro  arsine) 

EDS 

Explosives  Development 
Section,  PicArsn,  Dover,  Nj 

El 

Experiments  Incorporated  (US) 

elecy 

electricity 

EOD 

Explosive  Ordnance  Disposal 

EODS-NPP 

Explosive  Ordnance  Disposal 
Service  — Naval  Propellant  Plant 

Erlen  fl 

Erlenmeyer  flask 

E-Stoff 

Ger  desgn  for  cyanogen 
bromide  (CWA) 

E W 

Electronic  Warfare 

F 


FFAR 

folding  fin  aircraft  rocket 

FG 

fine  grain  (Brit) 

FM 

fulminate  of  mercury  (see  MF) 

FOCOL 

field  of  fire,  observation  cover 
& concealment,  obstacles,  lines 
of  communication 

Forestite  or  1 

Fr  desgns  for  hydrocyanic  acid 

Vincennite  > 

(CWA) 

FOURA 

forward  observation  unit.  Royal 
Artillery  (Brit) 

FP 

flashless  propellant 

FPC 

Fire  Prevention  Code 

FQ 

quick  fuze 

FR 

flash  ranging 

Fraissite 

Fr  desgn  for  benzyliodide  (CWA) 

FS 

flash  spotting 

FS 

forged  steel  (Brit) 

F-Stoff 

Ger  desgn  for  TiCl4,  smoke- 
producing  agent  of  WWI 

G 

G 

giga  - 10* 

GA 

symbol  for  ethylphosphorodimethyi- 
amidocyanadate  or  Tabun  (see 
PATR  2510,  p Ger  204,  under 
Trilons)  (CWA) 

Gargoyle 

See  KUD-1 

GASM 

guided  air- to- surf  ace  missile  » 

GB 

green  star,  blinker,  parachute  (US) 

GB 

symbol  for  isopropylmethyl- 
phosphonofluoridate  or  Sarin  (see 
PATR  2510,  p Ger  204,  under 
Trilons)  (CWA) 

GB-4 

glide  bomb  (see  the  text) 

GD 

symbol  for  pinacolylmethyl- 
p ho  spho  no  fluoridate  or  Soman  (see 
PATR  2510,  p Ger  204,  under 
Trilons)  (CWA) 

Gelbkreuz 

Ger  desgn  for  Mustard  Gas  and  for 
some  other  CWA’s  (see  Yellow 
Cross  Ammunition  in  the  text) 

GF 

gunfire 

GG 

Gardner- Gat  ling  (Brit) 

GGS 

gyro  gunsight 

gig* 

10P 

GMCM 

guided  missile  countermeasure 

GOCO 

Government  owned,  contractor 
operated 

GOGO 

Government  owned,  government 
operated 

GOOSE 

code  name  for  air-  to- air  missile 
with  turbojet  engine 

GOW 

Gopher  Ordnance  Works, 
Rosemonr,  Minnesota 

Grunkreuz 

Ger  desgn  for  some  CWA's  (See 
Green  Cross  Ammunition  in  the  text) 

GY 

green-yellow,  double  star  (US) 

H 

h o hecto  ” 103 
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HA 

high  angle  (Brit) 

K-Stoff 

Ger  desgn  for  CWA  of  WWI:  mor 

HAPO 

Hanford  Atomic  Products 

chloromethylcarbonate  91.4  & c 

Operation 

chloromethylcarbonate  8.6% 

HC 

US  desgn  for  smoke- producing  agent 

K2-Stoff  or  ) 

Ger  desgn  for  phenyl-iso-cyano 

of  WWI : Zn  + ZnCla  + ZnO 

KU-Stoff  i 

chloride  (CWA) 

HEF 

high  energy  fuel 

KT 

Brit  desgn  for  SnCl4  used  as  sr 

HEL 

high- explosive,  light  (shell) 

producing  agent 

HEL 

Human  Engineering  Laboratory, 

KUD-1 

a remote  controlled  glide  bomb 

Aberdeen  PG,  Md 

called  Gargoyle 

HES 

high- explosive,  smoke  (shell) 

KW 

symbol  for  signal  pistol 

HL 

desgn  for  Mustard  Gas-Lewisite 

mixt  (CWA) 

L 

HN 

desgn  for  nitrogen  Mustard  Gas  (CWA) 

Homomartonite 

HOP 

HT 

HumRRO 

HVAPDSFS 


HVTP-T 
H- Warhead 


jcu 

IGF  arbenind 
IM 

IMED 

INS 

invest 

investd 

investg 

investn 

IRFNA 

IV 


janmb 

JB-2 


JCS 


kilo 

Klop 


Fr  desgn  for  bromoraethylethylacecone 

(CWA)~ 

Hoosier  Ordnance  Plant,  Indiana 
Arsenal,  Charleston,  Ind 
symbol  for  "Mustard  Gas- Agent  T”  (CWA) 
Human  Resources  Research  Office 
hypervelocity  armor-piercing,  dis- 

^ ae/l lino  cakAf  fin  of  akil  i fhrn- 

' — — - 

jectile) 

hypervelocity,  target  practice,  tracer 
warhead  contg  a nuclear  fusion  device 


I 


Industrial  Engineering  Division 
(changed  to  IMED),  PicArsn,  Dover, NJ 
Interessengemeinschaft  Farben- 
industries,  Germany 
insoluble  matter 

Industrial  Maintenance  and  Engineering 

Division,  PicArsn,  Dover,  NJ 

International  Notationai  System 

to  investigate 

investigated 

investigating 

investigation 

inhibited  red  fuming  nitric  acid 
initial  velocity 


Joint  Army-Navy  Munition  Board 
an  Amer  version  of  the  Ger  V-l  (see 
PATR  2510,  p Ger  213)  (called  also 
Loon) 

Joint  Chiefs  of  Staff 


10* 

Ger  desgn  for  chloropicrin  (CWA) 


L 

Lewisite  (CWA) 

LA 

light  artillery 

Lacrimite 

Fr  desgn  for  thiophosgene  (CW 

Lehr 

launcher 

LEDC 

low  energy  detonating  cord 

LEL 

lower  explosion  limit 

Lewisite 

US  desgn  for  vinylchloroarsine 

LG 

large  grain  (Brit) 

LM 

Lee-Metford  (rifle)  (Brit) 

LMNR 

lead  mononitroresorcinate 

LMR 

light  machine  rifle 

Loon 

see  JB-2 

Lost  or  ^ 
Gelbkreuz  J 

Ger  desgns  for  Mustard  Gas  (C 

LOZ 

liquid  ozone  (oxidizer  for  some 
rocket  fuels 

LS  or  |L{ 

Land  Service  (Brit) 

LVP 

Launch  Vehicles  Programs, 
Washington,  DC 

M 


M 

mega  - 1012 

MA 

medium  artillery 

MAA 

Mathematical  Association  of 

MAA 

America,  Univ  of  Buffalo,  NY 
medium  antiaircraft  (artillery) 

wAr 

mflYimiim  rnnrpnfrcif 

Manganite  or' 

(in  determination  of  toxicity) 

! Fr  desgns  for  hydrocyanic  aci< 

Vincennite  / 
Maxtonite 

1 

Fr  desgn  for  CWA  of  WWI;  bror 

MATS 

M ^ii  rv  i r\  tf  ia  rt  r \ 

acetone  80  & chloroacetone  2C 
Military  Air  Transport 

■»*  I A *■  VI V J LV1  MilVgVil  U1UVI 

Vitrite  | (CWA) 

MB  missile  battalion 

MC  muzzle  cap 

MD  US  desgn  for  methyldichloro- 

arsine  (CWA) 
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*TJ  ~“7 

the  day  on  which  mobilization 
shall  begin 

MDF 

mild  detonating  fuze 

MDS 

modified  strip  cordite 

MDT 

modified  tubular  cordite 

ME 

Martini-Enfiela  (rifle)  (Brit) 

MED 

Materials  Explosives 
Division  (Brit) 

mega 

106 

mesrt 

measurement 

MethylDick 

Ger  desgn  for  methyldichloro- 
arsine  (CWA) 

\ iTJ 

\i  /l»»l  « I - 1—3  A #1  »i  r (ft  f 1 o ^ f H m • +■  \ 

1VJ11 

iVJUiiliU  Vi.4.AA\_/ 

micro 

10“6 

mill  i 

1(T3 

MISUM 

• Monthyl  Intelligence  Summary 

ML 

metal  lined  (Brit) 

MLD 

minimum  CP  ffnviPifu*i 

‘v% — ' 

MLE 

magazine  Lee-Enfield  (rifle) (Brit) 

M- 

Model  e (Fr  for  ModeD 

MLM 

magazine  Lee-Metford  (rifle) 
(Brit) 

MLRG 

muzzle-loading  rifled  gun 

MRC 

Mathematics  Research  Center, 
IJS  Army.  IJniv  of  Wisconsin 

MTF 

mechanical  time  fuze 

Mustard  Gas 

Brit  desgn  for  dichlorodiethyl- 
sulfide  (CWA)  (See  also  Yperite) 

MWDD 

Miscellaneous  Weapons 

r\ n 

L/CV  ClUpilJCiR  UCpOllllltLlL  (VIU/ 

N 

n 

nano  “ 10“® 

jnAAuc 

North  American  Air  Defense 
Command 

nanon 

10-9  meter.millimicron 

NARL 

Naval  Aeronautical  Rocket 
Laboratory 

NAS 

National  Academy  of  Science 

NASC 

National  Aeronautics  and 

upuvv  ^l/UHVU 

ndca 

Nuclear  Development  Cor- 
poration of  America 

NE 

nose  ejection 

NFPA 

National  Fire  Prevention 
Association 

nfsais 

National  Federation  of 
Science  Abstracting  and  In- 
dexing Services 

n° 

Fr  abbreviation  for  numero 
(number  ) 

NOLC 

Naval  Ordnance  Laboratory, 
Corona,  Calif 

NP 

Napalm 

NPGS 

Naval  Pr»c*  ^<-br»nl 

— ~ — f 

Monterey,  Calif 

NQ 

nitroguanidine  flashless 
(propellant)  (Brit) 

Nr 

Ger  abbreviation  for  Nummer 
(number) 

NS 

Naval  Service  (Brit)  (see  also  /N) 

NSF 

National  Science  Foundation 

NT 

night  tracer  (Brit) 

NTS 

Naval  Torpedo  Station,  Newport, Rl 

NWL 

Naval  Weapons  Laboratory, 
Dahlgren,  Va 

0 

OARP 

Office  of  Advanced  Research 
Programs,  Washington,  DC 

(superseding  OASR) 

OASD 

Office  of  Assistant  Secretary 

^ £ T\~£ 

Ul  L/CI  C11SC 

OASR 

Office  of  Aeronautical  and  Space 
Research  (now  OARP) 

oc 

Ordnance  Corps 

OEHO 

Ordnance  Engineering  Handbook 
Office,  Duke  Univ,  Durham,  NC 

OMRO 

Ordnance  Material  Research 

unite 

OMTF 

Ordnance  Missile  Test  Facility, 
White  Sands,  NM 

ONI 

Office  of  Naval  Intelligency 

Opacite 

Fr  desgn  for  SnCl4t  smoke- 
producing  agent  of  WWI 

ORDP 

Ordnance  Pamphlet 

f\£CZ C* 

wii itc  ui  uyatc  r llgllL 

Development  (now  OSFP) 

WUi 

OSFP 

Office  of  Space  Flight  Programs, 
Washington,  DC  (superseding 
OSFD) 

OT 

ordinary  temperature 

OTCM 

Ordnance  Technical  Committee 

kt: 

ITHUULV.  J 

OTIO 

Ordnance  Technical  Intelligence 
Office 

OTIS 

Ordnance  Technical  Intelligence 
Service  (Aberdeen  Proving  Ground, 
Md) 

OvF 

Overhead  fire 

OZTC(HA) 

Drp?ln  1 73f inn  finrl  T r^inlno 

--O & 

Center  (Heavy  Artillery)  (US) 

D 

pico  “ 10-1J 

P 

PAC 

tulotless  aircraft 

panagra 

]?  an- Aimeri  can-Grace  Airways 
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Papite 

Fr  desgn  for  acrolein  used  in  WI 

RNTF 

Royal  Navy  Torpedo  Factor 

as  a lachrymator 

(Brit) 

PBAA 

polybutadiene  acrylic  acid  (used 

ROD 

Rochester  Ordnance  Distric 

in  some  Thiokol  propellants) 

now  absorbed  into  NYOD 

PD 

symbol  for  phenyldichioro arsine 

ROD 

Rossford  Ordnance  Depot, 

(CWA) 

Toledo,  Ohio 

Per 

Ger  desgn  for  trichloromethyl- 

RPE 

Rocket  Propulsion  Establis 

chloroformate  (CWA) 

(Brit) 

Phosgeoe 

desgn  for  carbonylchloride, 

RR 

recoilless  rifle 

C0C12  (CWA) 

RSAF 

Royal  Small  Arms  Factory 

pico 

10"u 

picon 

10“12  meter  *■  micromicron 

S 

PIR 

pres  sure- arming  impact  rocket 

Pk  How 

pack  howitzer 

S(mixture) 

Brit  smoke-producing  agent 

piths 

platelets 

WWI:  K nitrate  45,  pitch  30, 

pits 

plates 

sulfur  12,  borax  9 & glue  4® 

P(Mixture) 

a mixture  of  pebble  and  fine 

S20 

an  Ital  expl  (see  the  text) 

grain  propellants  (Brit) 

SAE 

Society  of  Automotive  Engi: 

PN 

percussion  nose 

s&w 

Smith  & Wesson  (revolver) 

poso 

position 

SC 

solid  case  (Brit) 

PPCo 

Pacific  Powder  Company, 

SC 

solventless  cordite  (Brit) 

Tenino,  Wash 

SCAR 

subcaliber  aircraft  rocket 

prpnt  or  propint 

propellant 

SCEL 

Signal  Corps  Engineering 

PS 

US  desgn  for  chloropicrin  (CWA) 

Laboratory 

PT 

percussion  tube  (Brit) 

SD 

short  delay 

SDT 

self-destroying  tracer 

Q 

SEM 

Station  d'Essais  de  Montlut 

(Fr) 

Q 

chemical  agent  of  specialized 

SFG 

sulfurless  fine  grain  (powd< 

application 

(Brit) 

QB  or  qb 

quick  burning  (propellant) 

SID 

Scientific  Intelligence  Dige 

QFC 

quick  firing  converted  (Brit) 

SK 

Brit  & US  desgn  for  ethylio 

acetate  (CWA) 

R 

SLOP 

St  Louis  Ordnance  Plant, 

St  Louis,  Mo 

RAD 

radiation  absorbed  dose  (a  unit  of 

smkls 

smokeless 

absorbed  dose  of  ionizing 

SMLE 

short  model  Lee-Enfield  (ri 

radiation) 

(Brit) 

RAT 

rocket- assisted  torpedo 

SMW 

School  of  Mine  Warfare, 

Rationite 

Fr  desgn  for  smoke-producing  mixc 

Yorktown,  Va 

of  WWI;  chloro sulfonic  acid  & 

SPCGM 

self-propelled  caterpillar 

dimethylsulfate 

g unmount 

RBLG 

rifled  breech-loading  gun 

SSR 

spin- stabilized  rocket 

RC 

reduced  charge  (ammunition) 

STRAC 

Strategic  Army  Corps 

RD  38 

a system  of  interior  ballistics  used 

Sulvanite 

Fr  desgn  for  ethyl chlorosul 

by  the  Brit 

mate  and  for  bromine  (CWA) 

RDF 

radio  direction  finder 

Surpalite 

Fr  desgn  for  trichloromethy 

reqt 

requirement 

chloroformate  (CWA) 

RF 

rye  flour 

SWAC 

Special  Weapons  Ammunctic 

RGF 

Royal  Gun  Factory  (Brit) 

Command 

RGPF 

Royal  Gunpowder  Factory  (Brit) 

SWC 

Special  Weapons  Center 

RL 

Royal  Laboratory  (Brit) 

RML 

rifle  medium  light  (Brit) 
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T 

Vicastrong 

Vickers- Arm  strong  (Brit) 

Villantite 

Fr  desgn  for  ethylchlorosulfonate 

T 

tera  - 1012 

(CWA) 

T 

symbol  for  CWA  of 

Vincennite  or) 

Fr  desgns  for  hydrocyanic  acid 

specialized  application 

Manganite  ) 

(CWA) 

TA 

tractor-drawn  artillery 

VINITI 

Vsesoyuznyi  Institoot  Naoochnoi  i 

TCBM 

transcontinental  ballistic 

Tekhnicheskoi  Informatsiyi  (Rus) 

missile 

(All  Union  Institute  of  Scientific 

tera 

10‘2 

& Technical  Information) 

TH 

symbol  for  incendiary  CWA 

Vitrite 

Fr  desgn  for  cyanogen  chloride 

"therm  ate*' 

(CWA) 

TH1 

symbol  for  specific  compo- 

VKRPF 

Vereinigte  Koln-Rottweiler 

sition  of  CWA  "thermite" 

Pulverfabriken,  Germany 

TH2 

symbol  for  specific  compn 

Vomiting  Gas 

Brit  desgn  for  chloropicrin 

of  CWA  "thermate" 

VS 

vent  sealing  (Brit) 

TH3 

specific  compn  of  chemical 

VTOL 

vertical  take-off  and  landing 

agent  "thermate" 

TJ 

turbojet 

W 

TML 

tetramethyl  lead 

TNTBP 

mixt  of  TNT  with  black 

W 

chemical  agent 

powder 

WAAC 

Woolwich  Arsenal 

Tonite 

Fr  desgn  for  chloroacetone 

WASAG 

Westfalisch-Anhaltische 

(CWA) 

Sprengstoff  Aktiengesellschaft, 

TOP 

total  obscuring  power  (area 

Germany 

in  sq  ft  covered  by  the 

WB 

white  star,  blinker,  parachute 

smoke  produced  by  1 lb  of 

•WF 

wood  flour 

material) 

WhF 

wheat  flour 

T-Stoff 

Ger  desgn  for  xylylbromide 

wsc 

white  star  cluster 

(CWA) 

WSP 

white  star-parachute 

u 

Y 

UERD 

Underwater  Explosions 

Yperite 

Fr  desgn  for  dichlorodiethyl- 

Research  Division,  Norfolk 

sulfide  (CWA);  Brit  desgn 

Naval  Shipyard 

Mustard  Gas;  US  desgn  HS  and 

uos 

Underwater  Ordnance  Station, 

Ger  desgns  Lost  or  Gelbkreuz 

Newport,  Rl 

USAOMC  United  States  Army  Ordnance 

Missile  Command,  Redstone 
Arsenal,  Alabama 
Note : Subordinate  units  included 
ABMA,  ARGMA  and  WSMR 
USL  Underwater  Sound  Labo- 

ratory, New  London,  Conn 
USPHS  US  Public  Health  Service 

UUM  underw  at  er-to- underwater 

missile 

V 


VAR 

VGFAG 


vertical  aircraft  rocket 
Vereinigte  Glanzstoff- 
Fabriken  Aktiengesellschaft 
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LIST 

OF 

ABBREVIATIONS  FOR  BOOKS  AND  PERIODICALS  USED 
AS  REFERENCES  IN  THIS  WORK 


(Abbreviations  not  included  in  this  list  are  the  same  as  used  by  the  American  Chemical  Society 
io  Chemical  Abstracts)(See  also  supplement  to  this  list,  pp  75-6) 

Note:  When  the  name  of  a journal  was  changed,  the  words,  "changed  to,"  "formerly,”  "now," 
etc  are  followed  here  not  by  the  full  name  of  the  journal  but  by  the  abbreviation  used  in  this 
dictionary.  This  is  done  because  the  journals  are  arranged  alphabetically  according  to  their 
abbreviations  and  not  according  to  the  full  names  of  the  journals 


ADL  Punch  Cards 
AFChJ 

AHThCatalog 

AIChE 

All &EnExpls(  1946) 

AmChemJ 

AmJPhys 

Anal 

AnalChem 

AnalChimActa 

AngChem 

Ann 

AnnActas 

AnnChim(  Paris) 

Ann  Chi  m(  Rome) 

AnnChimAnal 

AnnChimAppl 

AnnChimPhys 

AnnPhys 

AnnPhysik 

APG 

Archparm 


Arthur  D.  Little  Inc,  "Punch  Card  Recording  of  Data  on  Explosives," 
Cambridge,  Mass  (1954) 

Armed  Forces  Chemical  Journal  (Washington,  DC) 

Arthur  H.  Thomas’  Catalog  of  Apparatus  and  Reagents,  Philadelphia 
(1950) 

American  Institute  of  Chemical  Engineers  (Journal  published  beginning 
1955) 

APG,  "Allied  and  Enemy  Explosives,"  Aberdeen,  Md  (1946) 

American  Chemical  Journal  (discontinued  in  1913) 

American  Journal  of  Physics 
AnaIyst(Cambridge,  England) 

Analytical  Chemistry  (formerly  IEC,Anal  Ed) 

Analytics  Chimica  Acta(Amsterdam) 

Angewandte  Chemie,  formerly  Zeitschrift  fur 
Angewandte  Chemie  (Berlin) 

Annalen  der  Chemie  (Justus  Liebeg's) 

Annales  de  l'Association  Canadienne— Frangaise  pour  l’Avancement 
des  Sciences  (Montreal) 

Annales  de  Chimie  (Paris),  formerly  AnnChimPhys 
Annali  di  Chimica(Rome),  formerly  AnnChimAppl 
Annales  de  Chimie  Analytique,  Paris 

Annali  di  Chimica  Applicata(Rome),  now  AnnChim(Rome) 

Annales  de  Chimie  et  de  Physique(Paris),  now  AnnChim 
Annales  de  Physique,  Paris 
Annalen  der  Physik,  Leipzig 
Aberdeen  Proving  Ground,  Maryland 

Archiv  der  Pharmazie(Berlin)( suspended  in  1944  and  resumed  in 
1950) 
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ArchToxicoI 
ArmamentEngrg(  1954) 

Arms  & Expls 

ArOrdn 

ARSJ 

ASTMBull 

ASTMProc 

ASTMStds 

AttiAccadLinceiMem 
AttiAccadLinceiRend 
Acti  AccadTor 
Barnett(1919) 

Bebie(  1943) 

Beil 

Beil  1,350,(170),  [200] | 

& 1550}  I 

Belgrano(1952) 

Ber 

Beyling&Drekopf(  1936) 
Bichowsky  & Rossini  (1936) 

BIOS  Rept 
Blaster's  Hdb(1952) 
Blinov(1948  - 1952) 

BrA 

BrJApplPhys 
BrP  or  BritP 
Brunswig,  Expls  (1912) 
Brunswig, Props(  1926) 
Budnikov  et  al(1955) 

BullBelg 

BullBurStds 

BullFr 

BurMines 

BurStds 

C 

CA 

CanChem  Processing 

CanJChem 

CanJRes 

CanJTech 

CanNatlResCouncilRepts 

CEARapp 

Cellulosechem 


Arcbiv  fur  Toxicologie  (Berlin) 

Anon,  “Elements  of  Armament  Engineering,”  US  Military  Academy,  West 
Point,  NY  (1954) 

Arms  and  Explosives  (Brit)  (discontinued  Dec  1920) 

Army  Ordnance,  changed  in  1947  to  Ordn 

American  Rocket  Society  Journal,  formerly  JetPropn  and  before  that 
JARS 

American  Society  for  Testing  Materials  Bulletin 
American  Society  for  Testing  Materials  Proceedings 
American  Society  for  Testing  Materials  Standards 
Atti  della  Accademia  Nazionale  dei  Lincei,  Memorie 
Rendiconti  (formerly  Atti  della  Reale  Accademia  dei  Lincei) 

Atti  della  Accademia  delle  Scienze  di  Torino 

E.  deBarry  Barnett,” Explosives, "Van  Nostrand,  NY  (1919) 

J.  Bebie,*  Manual  of  Explosives,  Military  Pyrotechnics  and  Chemical  War- 
fare Agents, ’’Macmillan,  NY,  1943 
Beilstein’s  Organische  Chemie,  4th  ed 

Beilstein  vol  1,  p350  of  the  Hauptwerk;  p(170)  of  the  Erstes  Erganzung; 
p [200]  of  the  Zweites  Erganzung  and  p J 5 50 1 of  the  Drittes  Erganzung 
C.  Belgrano,  "Gli  Esplosivi,”  Hoepli,  Milano  (1952) 

Berichte  der  Deutschen  Chemischen  Gesellschaft,  now  called  ChemBer 
C.  Beyling  & K.  Drekopf/Sprengstoffeund  Ziindmittel,’ Springer,  Berlin(1936) 

F. R.Bichowsky  & F.D.  Rossini,  “Thermochemistry  of  Chemical  Substances,” 
Reinhold,  NY  (1936) 

British  Intelligence  Objectives  Sub-Committee  Report 

Blaster’s  Handbook,  E.I.  duPont  de  Nemours  & Co,  Wilmington,  Del 

A.D.Blinov,  “Artillery  Courses,”  Voyenizdat,  Moscow  ((1948  - 1952) 

British  Abstracts  (discontinued  Dec  1953) 

British  Journal  of  Applied  Physics  (London) 

British  Patent 

H. Brunswig, "Explosives, ’Wiley, NY(1912)  (Translated  by  Munroe  & Kibler) 

H. Brunswig, "Das  Rauchlose  Pulver,’’W.  De  Gruyter,  Berlin(1926) 

M.A. Budnikov  et  al,  “Explosives  and  PropeIlants,”Oborongiz,  Moscow 
(1955) 

Bulletin  de  la  Soci^te'Chimique  de  Belgique(Brussels) 

Bulletin  of  the  Bureau  of  Standards 
Bulletin  de  la  Soci6te'  Chimique  de  France 
US  Bureau  of  Mines,  Pittsburgh,  Pennsylvania 
National  Bureau  of  Standards,  Washington,  DC 
See  Conf 

Chemical  Abstracts 

Canadian  Chemical  Processing  (Toronto) 

Canadian  Journal  of  Chemistry(Ottawa),  formerly  CanJRes, Sect  B 
Canadian  Journal  of  Research(Ottawa).  Its  Sect  B is  now  the  CanJChem 
and  its  Sect  F,  CanJTechn 

Canadian  Journal  of  Technology(Ottawa),  formerly  CanadJRes,Sect  F 
Canada  National  Research  Council  Reports 
Commission  Energie  Atomique  Rapport  (France) 

Cellulosechemie  (Berlin)( discontinued  in  1936) 
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C&EN 

Chem 

ChemAge 

Chem  Anal 

ChemBer 

ChemEngrg 

ChemEngrgProgr 

Chem&Ind 

Chemlnd 

ChemlndWeek 

ChemMetEngrg 

ChemN 

ChemObzor 

ChemPramysl 

ChemRevs 

ChemRubHdb 

ChemWbl 

ChemWeek 

CbemZtg 


CheraZtr 
Chim&Ind(  Paris) 

Chim  e IncUMilan) 
CIOS  Rept 

Clark  & Hawley  (1 95  7) 

Colver(1918) 
CondChemDict(1956) 
CondChemDict(  19  50) 
Conf  or  C 
CR 

Cranz(Vol  & year) 
Cun  di  11(1889) 

Daniel(1902) 

Davis(1943) 

Degering(1950) 

DoklAkadN 
Dor6e(  1947) 

DRP 

Durrans(1957) 

Elkins(1950) 

Ephraim(1949) 


Chemical  and  Engineering  News 
Chemist(New  York) 

Chemical  Age  (London) 

Chemist  Analyst(Phillipsburg,New  Jersey) 

Chemische  Berichte  (supersedes  Ber) 

Chemical  Engineering,  formerly  Chem  & MetEngrg 
Chemical  Engineering  Progress(New  York) 

Chemistry  and  Indus try(London),  published  together  with  JSCI,  but  is  now 
separated 

Chemical  Industries,  changed  to  ChemlndWeek,  on  Jan  20,  1951 
Chemical  Industries  Week,  changed  to  ChemWeek  on  June  2,  1951 
Chemical  and  Metallurgical  Engineering,  now  ChemEngrg 
Chemical  News  and  Journal  of  Industrial  Science 
Chemik^  Obzor(Chemical  Review,  Prague)(now  ChemPrumysl) 

Cbemicky  Pruroysl(  Prague) 

Chemical  Reviews( Baltimore,  Md) 

Chemical  Rubber  Publishing  Co,  Handbook  of  Chemistry  & Physics, 
Cleveland,  Ohio,  38th  ed  (1956-7) 

Chemisch  Weekblad( Amsterdam) 

Chemical  Week( formerly  ChemlndWeek) 

Chemiker  Zeitung  (Kothen,  Anhalt).  In  Jan  1951  the  name  was  changed  to 
“Chemiker  Zeitung  ehemalsKothen”(Stuttgart)  and  in  Jan  1954  to  “Chemiker 
Zeitung  mit  Chemische  Apparatur  und  Chemie-Borse”(Heidelberg) 
Chemisches  Zentralblatt( Berlin) 

Chimie  et  Industrie(Paris) 

Chimica  e l’Industria(Milan) 

Combined  Intelligence  Objectives  Sub-Committee  Report 

G. L.Clark  St  G,G.  Hawley,  Edits,  "The  Chemical  Encyclopedia, ’’Reinhold, 

NY  (1957) 

E.deW.S.Colver,  “High  Explosives,”  Van  No  strand,  NY  (1918) 

A.  & E.Rose,  ed,l'The  Condensed  Chemical  Dictionary ,”Reinhold,  NY(1956), 

former  edition(1950)  was  directed  by  F.M.Turner 

Confidential 

Comptes  Rendues  de  1'Acaddmie  des  Sciences(Paris) 

K.J.Cranz’/Lehrbuch  der  BaliistikVSpringer,Berlin(  1925-1927) 

J.P.Cundill/'A  Dictionary  of  Explosives,1,London(1889)«  The  French  trans- 
lation was  published  in  MP  5,235-354(1892)  and  6,7-132(1893) 

J. Daniel, "Dictionnai re  des  Mati&res  Explosives '’Dunod,  Paris  (1902) 

T.L. Davis;' The  Chemistry  of  Powder  and  Explosives, "Wiley,  NY(1943) 

E. F.Degering,,fAn  Outline  of  Organic  Nitrogen  Compounds, ”Univ  Lithoprinters 
Ypsilanti,Mich(1950) 

Doklady  Akademii  Nauk(Proceedings  of  Academy  of  Science, Russia) 
C.Doree,‘The  Methods  of  Cellulose  Chemistry ’’Chapman  & Hall,  London  (194" 
Deutsches  Reichs  Patent( German  State  Patent) 

T.H.Durrans,1 'Solvents, >yVan  Nostrand,  NY(1957) 

H. B. Elkins,  “The  Chemistry  of  Industrial  Toxicology,”  Wiley(1950) 

F. Ephraim,  “Inorganic  Chemistry,”  Interscience,  NY(1949) 


Erik  son,  Wiley  \ 

& Wystrach(1956)  j 
Escales,NG  & D<1908) 
Escales,  Ammonspr(  1909) 

E scales,  Chloratspr(  1910) 
Escales,  Schwarzpulver i 
(1914)  I 

Escales,  Nitrospr(1915) 
Escales,  Initial spr(  1917) 
Explosivst 
ExplsEngr 

Faith,  Keyes  & Clark(l957) 
Feodos’ev  & Siniarev]i 
(1956)  J 

FIAT 

Fieser  & Fieser(l95Q) 

FM 

Franklin(1935) 

FrP 

Gazz 

GerP 

Gilman(Vol  & year) 

Giua, Dizionaxio(Vol  & year) 

Gmelin(Syst  Nr  & year) 

Gody(1907) 

GornyiZh 

Gorst(1957) 

Groggins(1958) 

Hackh’s(1944) 

HACSIR 

Hayes(1938) 

Helv 

Heuser(1944) 

Hickinbottom(1948) 

Houben  4(1941) 

IA 

ICT 

I EC 

IEC,  AnalEd 

IGFarbenind 

IndChem 


J.G.Erikson,  P. F. Wiley  & V.P.Wystrach,  “The  1,2,3*  and  1,2,4-Triazines, 
Tetrazines  and  Pentazines,”  Interscience,  NY(1956) 

R.  Esc  ales,  "Nitroglyzerin  und  Dynamit,”  Veit  & Co,  Leipzig  1908) 
R.Escales,  “ Ammon salpetersprengstoffe,”  Veit, Leipzig  1909) 

R.Escales,  “Chloratsprengstoffe,”  Veit,  Leipzig  1910) 

R.Escales,  “Schwarzpulver  und  Sprengsalpeter,”  Veit,  Leipzig  (1914) 

R.Escales,  “Nitrosprengstoffe,”  Veit,  Leipzig(1915) 

R.Escales,  “Initialsprengstoffe,”  Veit,  Leipzig(1917) 

Explosivstoffe,  formerly  SprTech(Mannheim) 

The  Explosives  Engineer,  Hercules  Powder  Co,  Wilmington,  Del 
W.L.Faith,  D.B.Keyes  & R.L.Clark,'  Industrial  Chemicals,  Wiley, NY(1957) 

V. J.  Feodos’ev  & G.B.Siniarev,  “Introduction  to  Rocket  Techniques, 
Oborongiz,  Moscow(1956) 

Field  Information  Agency,  Technical 

L. F. Fieser  & Mary  Fieser," Organic  Chemistry,  " Heath,  Boston(1950) 

Field  Manual 

E.C. Franklin," The  Nitrogen  System  of  Compounds,’  Reinhold, NY(1935) 
French  Patent 

Gazzetta  Chimica  Italiana(Rome) 

German  Patent 

H.Gilman,  Edit, "Organic  Chemistry," Wiley,  NY  vl(1949),  v2(1950),  v3(1953), 
v4(1953) 

M. Giua  & C.Giua-Lollini,“Dizionario  di  Chimica  Generale  e Industriale’* 
UTETT,  Turin,  vols  1-3(1948-1950) 

Gmelin-Krauts  Handbuch  der  Anorganischen  Chemie,  Verlag  Chemie, 

Berlin, 8th  ed(  1928-1958) 

L.Gody.  'Traite'  des  Matieres  Explosives’;Wesmael-Charlier,Namur(1907) 
Gornyi  Zhumal(Mining  Journal,  Russia) 

A.G.Gorst,  “Propellants  and  Explosives,”  GIOP,  Moscow(1957) 
Ph.H.Groggins,ed,  “Unit  Processes  in  Organic  Synthesis,”  McGraw-Hill, 
NY(1958) 

Hackh's  Chemical  Dictionary," Blackiston,  Philadelphia(I944) 

Honorary  Advisory  Council  for  Scientific  and  Industrial  Research(Canada) 
T.J. Hayes,  “Elements  of  Ordnance,»Wiley,  NY(1938) 

Helvetica  Chimica  Acta( Basel, Switzerland) 

E.Heuser,r,The  Chemistry  of  Cellulose;  Wiley, NY(1944) 

W. J.Hickinbottom, "Reaction  of  Organic  Compounds, Longmans-Green, 
London(1948) 

J. Houben,  “Die  Methoden  der  Organischen  Chemie,”  G.Thieme,  Leipzig, 
v4(1941) 

Iron  Age 

International  Critical  Tables, McGraw-Hill, NY,  v 1(1926),  v 2(1927),  v 3 
(1928),  v 4(1928,  v 5(1929),  v 6(1929)  & ▼ 7(1930) 

Industrial  and  Engineering  Chemistry 

Industrial  and  Engineering  Chemistry  Analytical  Edition(changed  to 
AnalChem) 

Interessengemeinschaft  Farbenindustrie 
Industrial  Chemist(London) 


Abbr  70 


InorgSynth(Vol  & year) 

Instr 

Instm 

IzvestAkadN 

Izzo,Pirotechnia(1950) 

Izzo,Minatore(1953) 

J acobs(1949) 

J ACS 

JAgrFChem 

JapP 

J ApplChem(London) 

JApplPhys 

JahresberCTR 

JAOAC 

JARS 

JChemEduc 

JChemPhys 

JChimPhys 

JCS 

JetPropn 
J Frank  In  st 
JIEC 

JISI(London) 

JMakrChem 

JOC 

JOil  & Col 
JOptSocAra 
Jordan(1954) 

JPhChem 

JPhCollChem 

JPolymerRes 

JPolymerSci 

JPraktChem 


JRNBS 

JRussPhChemSoc 

JSCI 

JScInst 

Karrer(1950) 

Kast(  1921) 
Kast-Metz(  1944) 

KhimReferatZh 

Khimstroi 


Collective  "Inorganic  Syntheses, “McGraw-Hill,  NY,  vols  1-4(1939-1953) 
Instruments(Pittsburgh) 

Instrumentation(Philadelphia) 

Izvestiya  Akademii  Nauk(Bulletin  of  Academy  of  Science,  Russia) 

A.Izzo,  "Pirotecnia  e Fuochi  Artificial!,"  Hoepli,  Milano(1950) 

A.Izzo,  "Manuale  del  Minatore  Esplosivista,"  Hoepli, Milano(  1953) 

M,B. Jacobs,  "The  Analytical  Chemistry  of  Industrial  Poisons,  Hazards  and 
Solvents,"  Interscience,  NY, (1949) 

Journal  of  the  American  Chemical  Society 
Journal  of  Agricultural  and  Food  Chemistry 
Japanese  Patent 

Journal  of  Applied  Chemistry(London),  called  J SCI  prior  to  1951 

Journal  of  Applied  Physics,  formerly  called  Physics 

Jahresbericht  der  Chemisch-Technischen  Reichsanstalt 

Journal  of  the  Association  of  Official  Agricultural  Chemists 

Journal  of  the  American  Rocket  Society(changed  to  JetPropn  and  then  to  ARSJ) 

Journal  of  Chemical  Education 

Journal  of  Chemical  Physics 

Journal  de  Chimie  Physique(Paris) 

Journal  of  the  Chemical  Society(London) 

Jet'Propulsion( formerly  JARS,  now  ARSJ) 

Journal  of  the  Franklin  Institute 

Journal  of  Industrial  Engineering  Chemistry, changed  in  1923  IEC 
Journal  of  the  Iron  and  Steel  Institute(London) 

Journal  fur  Makromolekulare  Chemie,  formerly  JPrChem.  Called  MakrChem 
since  1947 

Journal  of  Organic  Chemistry 

Journal  of  the  Oil  and  Color  Chemists  Association(London) 

Journal  of  the  Optical  Society  of  America 

T. E. Jordan,  "Vapor  Pressure  of  Organic  Compounds,"  Interscience,  NY(1954) 
Journal  of  Physical  Chemistry,  except  the  years  1947-1951  when  it  was 
called  JPhCollChem 

Journal  of  Physical  and  Colloid  Chemistry  (See  JPhChem) 

Journal  of  Polymer  Research,  now  JPolymerSci 

Journal  of  Polymer  Science,  formerly  JPolymerRes 

Journal  fur  Praktische  Chemie,  discontinued  in  May  1943*  Continued  as 

JMakrChem,  then  as  MakrChem.  Resumed  as  a separate  journal  since 

March  19  56 

Journal  of  Research  of  the  National  Bureau  of  Standards 
See  ZhRusFiz-KhimObshch 

Journal  of  the  Society  of  Chemical  Industry,  called  JApplChem  since  1951 

Journal  of  Scientific  Instruments 

P.Karrer',' Organic  Chemistry,"  Elsevier, NY(1950) 

H.Kasc,'Spreng-  und  Zundstoffe,”  Braunschweig(1921) 

H.Kast  & L.Metz,“Chemische  Untersuchung  der  Spreng-  und  Zundstoffe,” 
Vieweg,Braunschweig(1944) 

Khimicheskii  Referativnyi  Zhumal,  now  called  ReferatZhKhim 
Journal  for  Projecting  and  Construction  of  the  Chemical  Industry  (discon- 
tinued in  1935) 


Abbr  71 


KhimTekhnTopliva 
Kirk  & Othmer  \ 

(vol  and  year)  J 

KollBeih 

KoIiZh 

KollZts 

Kunstst 

Land- Born  sc 

(Vol  & year) 

Lange(1956) 

MAF 

MakrChem 
Marshall  1(1917) 
Marshall  2(1917) 
Marshall  3 (1932) 

Mel  lor,  (Vol  & year) 

Mellor(1946) 

MemRepc  or  MR 
Merck(I952) 
Merriam-Webster>s(1951) 
Meyer(1943) 

MikrChem 

Molina(1930) 

nii/uuti^u 

MP 

MR  or  MemRept 
MSCE 

Naoum,  Expls(1927) 

Ik Y . _ y 

iNaoum,  iy^o) 


Nature 
NavOrd  Rept 
NBSJR 
NC 

NDRC  Rept 

NOrd  or  NORD  Rept 

OffGaz 

OffT 

-"■y 

Ohart(  1946) 

ONRRR 

OpNav(Publlcations) 

Ordn 

OrgSynth(Vol  & year) 


OSRD  Rept 


Khimia  i Teknologiya  Topliva  (Chemistry  and  Technology  of  Fuels,  Russia) 
R.E.Kirk  & D.F.Othmer,  eds,  "Encyclopedia  of  Chemical  Technology,” 
Interscience,  NY,  vols  1 to  15(1947-1956)  and  Supplements 
Kolloid-Beihefte,  merged  in  1943  with  KollZts 
Kolloidny  Zhurnal(Coiloid  Journal, Russi a) 


Kolloid-Zeitschrift,  formerly  Kolloid-Beih 
Kunstoffe  (Munich) 

Landolt-Bornstein,  Physikalisch-Chemische  Tabellen,  J. Springer,  Berlin, 
5th  ed,  v 1(1923),  v 2(1923)  and  Supplements;  6th  ed,  y 1(1950-2),  v 2(1956) 
and  v 4(1956-7)  (vol  3 was  not  available) 

N.A.Lange, "Handbook  of  Chemistry, "Handbook  Publishers,  Sandusky, Ohio, 


9th  ed(1956) 

Memorial  de  I'Artillerie  Fran  qaise(  Paris) 

Die  Makromolekulare  Chemie(Munich),  formerly  TMakrChem 
A. Marshall, "Explosives, '’Chruchill,  London, vol  1 (1917) 

Ditto,  vol  2 (1917) 

Ditto,  vol  3(1932) 

J.W,Mellor,"A  Comprehensive  Treatise  on  Inorganic  and  Theoretical  Chem- 
istry,“Longmans  Green  « Co,  London  and  NY(i922-ly47) 

G.D.Parkes  & G.W.Mellor,  "Meilor's  Modem  Inorganic  Chemistry ,’’Longmans- 
Green,  London  (1046) 

Memorandum  Report 

Anon,  The  Merck  Index,  Merck  & Co,  Inc, Rahway,  NJ(1952) 

"Merri  am- Webster's  Unabridged  Dictionary,”  Merriam  Co  Springfield,  Mass(1951) 
M. Meyer', 'Explosives, ’Crowell,  NY(1943) 

Mikrochemie( combined  with  Mikrochimlca  Acta) 

R.Molina,  "Esplodenti  e Modo  di  Fabricarli,”  HoepIi,Milano(1930) 


fll#  AM  1 aMM  a \ 

iuuuukam,iLv;  iuj.  r iguuay 


Memorial  des  Poudres(Paris) 

Memorandum  Report  f 

Memorial  des  Services  Chimiques  de  ]*Etat(Paris) 

P.Naodm/'Schiess-  und  Sprengstoffe,"Steinkopf,  Dresden  & Leipzig(1927) 


n KTa  nl»t  A a a J \T  t a1  *t  A A Pin 

r .LI  WCtiU  an  a tv 


Balcimore(1928XTranslated  by  Symmes) 

Nature(London) 

Naval  Ordnance  Report 

National  Bureau  of  Standards,  Journal  of  Research  (see  JRNBS) 
Nitrocellulose  (combined  with  SS  in  1943) 

National  Defense  Research  Council  Report 
Naval  Ordnance  Report 

OfficialGazette,  US  Patent  Office,  Dept  of  Commerce,  Washington  25, DC 
Official  To urnalf British  Patents) 

T.C.Ohart,"  Elements  of  Ammunition;'Wiley,  NY  (1946) 

Office  of  Naval  Research,  Research  Reviews 

Office  of  the  Chief  of  Naval  Operations(Publications),  Washington, DC 
Ordnance,  formerly  ArOrdn 
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organic  ^yruneses,  wuey  ,i\  i 7 vuis>  »uu  m- 


dividual  vols  30(1950),  31(1951),  32(1952),  33(1953),  34(1954),  35(1955)  & 
36(1956) 

Office  of  Scientific  Research  and  Development  Report 


Abbr  72 


Ott  (1954-1955) 


P or  Pat 
PA  or  PicArsn 
PACLR 
PAGLR 
PACT 

PAMK  or  PicArsnMemRept 

Partington(1950) 

Pascal(1930) 

PATR  or  PicArsnTechRept 
PATR  140  l(Rev  1)) 

(1950)  1 


PATR  1740(Rey  1)1 
0958)  1 

PATR  2510(1958) 


PBL  Rept 

Pepin  Lehalieur(1935) 


P£rez  Ara(1945) 

Perry(1950) 

PhilMag 


PHS  Rept 


PhysZSow 

PicArsn 

PrChSoc 

PromOrgKhlm 

Protar 

PrRoySoc 


QuaxtRevs 
Quim  y Ind 
R or  Rept 

Reagent  Chemicals(1950) 
Rec 

ReferatZhKhim 


u«:ti»/  i c\io\ 


Rept  or  R 
Rept  Invn  or  RI 
Re  s(London) 
RevChimlnd 
Rl  or  Reptlnv 

Riegel,ChemMach(1953) 


t>: l 


E.Ott,ed, "Cellulose  and  Ceiiuiose  Derivatives,:’lnterscience,NY,  vol  % 

Part  1(1954)/ Part  2(1954),  Part  3(1955) 

Patent 

Picatinny  Arsenal,  Dover,  NJ 

Picatinny  Arsenal  Chemical  Laboratory  Report 

Picatinny  Arsenal  General  Laboratory  Report 

Prevention  des  Accidents -Condoles  Techniques( Bruxelles) 

Picatinny  Arsenal  Memorandum  Report 

J.R,  Partington,  MA  Textbook  of  Inorganic  Chemistry,”  Macmillan,  London(195C 
P. Pascal, ’'Explosifs,  Poudres,  Gaz  de  Combat, '“Hermann,  Paris(1930) 

Picatinny  Arsenal  Technical  Report,  Dover,  New  Jersey 

Wm.  H.Rinkenbach  & A.J. Clear,  Picatinny  Arsenal  Technical  Report  No  1401, 
(1950),  "Standard  Laboratory  Procedure  for  Sensitivity,  Brisance  and  Stability 
of  Explosives” 

W.R.Tomlinson,  Jr  & O.  E.Sheffield,  Picatinny  Arsenal  Technical  Report 
No  1740,  Revision  1 (1958),  "Properties  of  Explosives  of  Military  Interest” 
B.T.Fedoroff  et  al,  Picatinny  Arsenal  Technical  Report  No  2510(1958) 
'Dictionary  of  Explosives,  Ammunition  and  Weapons”  (German  Section) 
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Ditto,  Library  of  Congress 

J. Pepin  Lehalleur,  "Traite* des  Poudres,  Explosifs  et  Artifices,”  Balliire  et 
Fils,  Pari  s(  1935) 

A. Perez  Ara/Tratado  de  Explosivos, ’’Cultural,  La  Habana(1945) 

J.H.Perry, "Chemical  Engineers’  Handbook’, ’McGraw-Hill,  NY(1950) 
Philosophical  Mag azine( London) 


Philosophical  Transactions  of  the  Royal  Society  of  London 


Public  Health  Service  Report(USA) 

Physical  Reviews 

Physikalische  Zeitschrift  der  Sowjetunion(Leipzig)(discontinued  in  1938) 
See  PA 

Proceedings  of  the  Chemical  Society(London) 

Promyshlennost’  Organicheskoy  Kh i mi i( Organic  Chemical  Industry,  Russia) 
Protar  (Soiothurn,  Switzerland) 

Proceedings  of  the  Royal  Society(London) 


Pr>pmv«l  r}ipfflir?nv^Wflrsaw^ 


Quarterly  Reviews(London) 

Quimica  y Industria(Barcelona)( discontinued  in  1941) 

Report 

"Reagent  Chemicals,”  ACS  Specifications,  Washington,  DC(1950) 
Recueii  de  Travaux  Chimiques  des  Pays  Bas( Amsterdam) 
Referativnyi  Zhurnal,  Khimiya  (Abstract  Journal,  Chemistry)(Russia) 


1 DaIIIi 

J“'w“  J 


Report 

Report  of  Investigation 
Research(London) 

Review  of  Scientific  Instruments 


Report  of  investigation 

E.R.Riegel,’ 'Chemical  Machinery,”Reinhold,NY(1953) 
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Roczniki  Chemii  (Chemical  Annual,  Poland)(formerly  ChemikPolski  and  Chemj 


Abbr  73 


Sancho(194l) 

Sanford(  1896) 

Sax( 1957) 

Sci 

SciAbs 
Sci  Am 

Seidell  1(1940) 

Seidell  2(1941) 

Seidell  Suppl(1952) 
Shidlovskii(1954) 
Shilling  1946) 

Shreve(1956) 
Sidgwick,OrgChem  of  N j 
(1937)  1 

Sidgwick,  CheraElems  1\ 
(1950)  I 

Siniarev  & Dobrovol’skii 
(1957) 

Spfgtech 

SS 


Stettbacher(1933) 
Stettbacher(  1948) 
Sukharevskii  & Pershakov 
(1932) 

Sutton(1956) 
SvenskKemTidskr 
Tables  Annuelles  5(1926) 
TAPPI 

Taylor  & Gay(1958) 

TechMan  or  TM 
TechOrd  or  TO 
TechRept  or  TR 
Tharaldsen(  1950) 
Thorpe(Vol  & year) 

Thorpe  4(1949) 
Thorpe(1917) 

TM 

TO 

TR 

Trecy’akov(1946) 

TrFaradSoc 

TrRoySoc 

U 

Ugol’ 


E.E.Sancho,  "Qimica  de  Explosivos,”  A.Aguado,Madrid(1941) 

P.G. Sanford,  "Nitro-Explosives,”  Crosby-Lockwood,  London(1896) 

I. Sax,  "Dangerous  Properties  of  Hazardous  Materials/’  Reinhold,  NY(1957) 
Science(New  York) 

Science  Abstracts 
Scientific  American 

A. Seidell,  "Solubilities  of  Organic  Compounds,”  Van  Nostrand,  NY,  v 1(1940) 
v 2(1941)  and  Suppl  (1952) 

A. A.Shidlovskii,  "Pyrotechnics,”  Oborongiz,  Moscow(1954) 

A.D.Shilling,  "Explosives  and  Loading  of  Ammunition”  Oborongiz,  Moscow, 
(1946)  (in  Rus) 

R.N.Shreve  "The  Chemical  Process  Industries,”  McGrawxHill,  NY(1956) 
N.V.Sidgwick, "Organic  Chemistry  of  Nitrogen, "Oxford  Univ  Press,  London 
(1937) 

N.V.Sidgwick,  "The  Chemical  Elements  and  Their  Compounds,”  Oxford 
Univ  Press  London,  v 1(1950) 

G.B. Siniarev  & M. B.  Dobrovol’skii  "Liquid  Propellant  Rocket  Motors,” 
Oborongiz,  Moscow(1957) 

Sprengtechnik  (Manheim)(See  SS  and  Explosivst) 

Zeitschrift  fur  das  gesamte  Schiess-  und  Sprengstoffwesen-Nitrocellulose, 
suspended  in  1944  and  followed  after  WW  II  by  Sprengtechnik(I952)  and 
since  1952  by  Explosivstoffe(Miinchen) 

A.Stettbacher,”Die  Schiess-  und  Sprengstoffe,”Barth,Leipzig(1933) 
A.Stetcbacher/'Spreng-  und  Schiesstoffe,”Rascher  Veriag,  Ziirich(1948) 
M.Sukharevskii  & F.Pershakov,  "Explosives,”  Moscow(1932) 

G.P, Sutton,  "Rocket  Propulsion  Elements,” Wiley, NY(1956) 

Svensk  Kemisk  Tidskrift( Stockholm) 

Tables  Annuelles  de  Conscantes,  Gauthier-Villars,  Paris  v 5(1926) 

Technical  Association  of  the  Pulp  and  Paper  Industry 

G.Taylor  & P.F.Gay,  "British  Coal  Mining  Explosives,”  G.Newnes, 

London(1958) 

Technical  Manual(US  Army) 

Technical  Order(US  Air  Force) 

Technical  Report 

Th.Tharaldsen,  " Ekplosivstoffer, " Dreyes  Vorlag,  Oslo,  Norway(1950) 
"Thorpe’s  Dictionary  of  Applied  Chemistry,”Longmans-Green,  London 
vols  1-12(1937-195 6) 

Ditto,  vol  4(1949) 

Ditto,  old  edition(it  contains  some  information  not  given  in  the  new  edition) 
See  TechMan 
See  TechOrd 
See  TechRept 

G.M.Tret'yakov,  "Artillery  Ammunition,”  Voyennizdac,Moscow(1946) 
Transactions  of  the  Faraday  Society(London) 

Transactions  of  the  Royal  Society(London) 

Unclassified 

Coal(Moscow) 


Abbr  74 


Ulimann(Vol  & year) 

USNIP 

UspKhim 

Van  Gelder  & Schlatter', 
(1927)  1 

Vennin,BurIot  \ 
&L6corch£(1932)/ 
VestnikMoskovUniv 
Vivas, Feigenspan  Sn 
Ladreda  J 

Walker(1953) 

Warren(1958) 

Weaver(1917) 

Webster's  Collegiate(1953) 
Weichelt(1953) 

Wheland(1949) 

Zakoshchikov(1950) 

ZAnalChem 

ZAngChem 

ZAnorgChem 

ZavodLab 

ZElektrochem 

ZhAnalKhim 

ZhFizKhim 

ZhKhimProm 

ZhNeorgKhim 

ZhObshchKhim 

ZhPriklKhlm 

ZhRusFiz-KhiraObshch 

ZhTekhnFiz 

ZKrist 

ZPhy  sChem(  F rank  furt) 

ZPhysChem(Leipzig) 

ZPbisiolChem 


F.UllmanoyEnzyklopadie  der  Technischen  Chemie,”Urban  & Schwarzenberg, 
Berlin, 2nd  ed,  vol  4(1926)  and  3rd  ed,  yol  1(1951)  and  following  volumes 
United  States  Naval  Institute  Proceedings 
Uspekhi  Khimii  (Progress  in  Chemistry, Russia) 

A.P.Van  Gelder  & H. Schlatter,  "History  of  the  Explosives  Industry  in  America 
Columbia  Univ  Press,  NY(1927) 

L. Vennin,E.Burlot  et  H.L£corch£,  "Les  Poudres  et  Explosifs,"  Ch.  B£range 
Paris(1932) 

Vestnik  Moskovskago  Uni  versiteta(  Bulletin  of  University  of  Moscow) 

M.  Vivas,  R.Feignespan  & F, Ladreda,  "Polvoras  y Explosives  Modemos," 
Morata,  Madrid,  v 1(1945),  v 2(1946),  v 3(1948),  v 4(1944)  and  v 5(1947) 
J.F.Walker,  '‘Formaldehyde,"  Reinhold,  NY(1953) 

F.A.Warren,  "Rocket  Propellants,"  Reinhold,  NY(1958) 

E. M. Weaver,  "Military  Explosives,"  Wiley  NY(1917) 

"Webster's  New  Collegiate  Dictionary,"  Merriam  & Co,  Springfield,  Mass(195; 

F. Weichelt,  "Handbuch  der  Gewerblichen  Sprengtechnik,"  Marhold,  Halle-Saal< 
(1953) 

G. H.Wheland,  "Advanced  Organic  Chemistry,"  Wiley,  NY(1949) 
A.P.Zakoshchikov,  "Nitrocellulose,"  Oborongiz,  Moscow(1950) 

Zeitschrift  fiir  Analytische  Chemie,  Fresenius(Munchen) 

Zeitschrift  fiir  Angewandte  Chemie,  called  AngChem  since  1932 
Zeitschrift  fiir  Anorganische  und  Allgemeine  Chemie  (Leipzig) 

Zavodskaya  Laboratoriya( Factory  Laboratory  Journal,  Russia) 

Zeitschrift  fur  Elektrochemie( Berlin) 

Zhuraal  Analiticheskoy  Khimii(Journal  of  Analytical  Chemistry,  Russia) 
Zhumal  Fizicheskoy  Khimii( Journal  of  Physical  Chemistry, Russia) 

Zhumal  Khimicheskoy  Promyshlennosti(Joumal  of  Chemical  Industry, Russia) 
Zhumal  Neorganicheskoy  Khimii(Joumal  of  Inorganic  Chemistry,  Russia) 
Zhumal  ObshcheKhimii(Joumal  of  General  Chemistry,  Russia) 

Zhumal  Prikladnoy  Khimii(Journal  of  Applied  Chemistry,  Russia) 

Zhumal  Russkago  Fiziko-Khimicheskago  Obshchestva( Journal  of  the  Russian 
Physico-Chemical  Society )( discontinued  in  1930) 

Zhumal  Teknicheskoy  Fiziki( Journal  of  Technical  Physics,  Russia) 
Zeitschrift  fiir  Kristallographle  (Frankfurt  a/M) 

Zeitschrift  fiir  Physikaliscbe  Chemie  (Frankfurt  a/M) 

Zeitschrift  fiir  Physikalische  Chemie(Leipzig) 

Zeitschrift  fiir  Physiologische  Chemie(  Berlin) 


[See  also  "List  of  Periodicals  Abstracted  by  Chemical  Abstracts",  The  Chemical  Abstracts  Service,  The 
Ohio  State  University,  Columbus  10,  Ohio  (1956)] 


Abbr  75 


SUPPLEMENT 
TO  THE 

LIST  OF  ABBREVIATIONS  FOR  BOOKS  AND  PERIODICALS 


Blatt  OSRD  20141 
(1944)  * 

A.H*Blatt,  "Compilation  of  Data  on  Organic  Explosives,"  OSRD  Report 
2014(1944) 

Chariot  & Bezier  (1957) 

G. Chariot  & D. Bezier,  "Quantitative  Inorganic  Analysis,  Methuen,  London 
(195  7) 

Clift  Si  F edoroff  1 
(Vol  & year)  J 

G.D. Clift  & B.T.Fedoroff,  "A  Manual  for  Explosives  Laboratories, " 
Lefax,  Phila,  Pa,  vols  1-4(1942-1946) 

CLR 

Chemical  Laboratory  Report  (Picatinny  Arsenal) 

Cole,  Underwater  (1948) 

R.H.Cole,  "Underwater  Explosions,"  Princeton  Univ  Press,  Princeton, 
NJ  (1948) 

Collier's  Encycll 
(Vol  & year)  ' 

Coll,  "Collier’s  Encyclopedia,"  P.F. Collier,  NY,  vols  1.-20(1957) 

Corapt  Rend  Acad  Sci(USSR) 

See  DoklAkadN 

Cond  Chem  Diet  (1942)  \ 

(Editions  1950  & 1956  are  i 
listed  on  p Abbr  63)  1 

F.M. Turner,  Edit,  "The  Condensed  Chemical  Dictionary,"  Reinhold, NY 
(1942)  (Contains  table  of  expls,  pp  287-92  not  given  in  newer  editions) 

Cook(1958) 

M. A. Cook,  "The  Science  of  High  Explosives,,,Rejn}10|tj^  NY(1958) 

DoklAkadN 

See  p Abbr  63  llisted  sometimes  in  CA  and  in  some  papers  as  Compt 
Rend  Acad  Sci  (USSR)] 

EncyclBritannica'i 
(Vol  & year)  1 

Coll," Encyclopaedia  Britannica, " London,  vols  1-23(1952) 

GLR 

General  Laboratory  Report  (Picatinny  Arsenal) 

Gorst(1957) 

A.G.Gorst,  "Porokha  i Vzryvchatyiye  Veshchestva"  (Propellants  and 
Explosives),  Gosizdatobororprom,  Moscow  (1957) 

Inorg  Synth  ( 
(Vol  & year)  j 

Coll,  "Inorganic  Syntheses,"  McGraw-Hill,  NY,  vol  1 (1939);  v 2 (1946); 
v 3 (1950);  v 4 (1953)  & v 5 (1957) 

Mangini,  Esplosivi  (1947) 

A.Mangini,  "Quaderni  di  Chimica  Industriale  No  14,  Explosivi,"  Patron, 
Bologna  (1947) 

Org  Anal  ysis  l 
(Vol  Sc  year)  j 

Coll,  "Organic  Analysis,"  Interscience,  NY,  vol  1 (1953);  v 2 (1954)  & 
v 3 (1956) 

Olsen  & Greene  (1943) 

L.A. Olsen  & W.G. Greene,  "Laboratory  Manual  of  Explosive  Chemistry," 
Wiley,  NY  (1943) 

Scott  Sc  Furman  (1939) 

W.W.Scott  & N.H. Furman,  "Standard  Methods  of  Chemical  Analysis," 
VanNo strand,  NY  (1939) 

Shidlovskii  (1954) 

A. A. Shidlovskii,  "Osnovy  Pirotekhniki"  (Fundamentals  of  Pyrotechnics), 
Gosizdatoboronprom,  Moscow  (1954) 

Shriner,  Fuson 
Curtin  (1956)  ( 

R.L. Shriner,  R.C. Fuson  Sc  D.Y. Curtin,  "The  Systematic  Identification 
of  Organic  Compounds,"  Wiley,  NY  (1956) 
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Siggia  (1949) 

Snell  & Biffen  (1944) 
Stettbacher  (1952) 


S.Siggia,  ‘'Quantitative  Organic  Analysis  via  Functional  Groups/’ 
Wiley,  NY  (1949) 

F.D. Snell  & F.M.Biffen,  "Commercial  Methods  of  Analysis/’  McGraw- 
Hill,  NY  (1944) 

A. Stettbacher,  "Polvoras  y Explosivos,”  G.Gili,  Buenos  Aires  (1952) 


Sutton  & Grant  (1955) 
TM  9-1910(1955) 


Tobolsky  & Mesrobian] 
(1954)  j 

Treadwell  & Hall  2 j 
(1949)  ' 

Webster's  Unabridged  \ 
Dictionary  (1951)  I 

Yaremenko  & Svetlov  \ 
(1957)  / 

ZhEkspT  eoretF  iz 

ZPhysChem  or  I 

ZPhysChem  Leipzig) 
(See  also  p Abbr  74)  j 

ZPhysChem  (Frankfurt) 


F. Sutton  & J. Grant,  "A  Systematic  Handbook  of  Volumetric  Analysis,” 
Butterworth,  London  (1955) 

Anon,  "Military  Explosives,”  Department  of  the  Army  Technical 
Manual  TM  9-1910  and  Department  of  the  Air  Force  Technical 
Order  TO  11A-I-34,  Washington,  DC(1955) 

A. V. Tobolsky  & R.B.Mesrobian,  "Organic  Peroxides,”  Interscience, 
NY  (1954) 

F.P. Treadwell  & W.T.Hall,  "Analytical  Chemistry,”  Wiley,  NY,  vol  2 
(1949) 

See  Merriam-Webster’s  (1951) 


N.E. Yaremenko  & B.Ya. Svetlov,  "Teoriya  i Tekhnologuiya  Promyshlennykl 
Vzryvchatykh  Veshchestv”  (Theory  & Technology  of  Industrial  Ex- 
plosives), Promstroyizdat,  Moscow  (1957) 

Zhurnal  Ekperimental’noi  i Teoreticheskoi  Fiziki  (Journal  of  Experi- 
mental & Theoretical  Physics)  (Russia) 

Zeitschrift  fur  physikalische  Chemie,  published  in  Leipzig(must  not 
be  confused  with  the  journal  published  in  Frankfurt  since  about  1953) 


Zeitschrift  fur  physikalische  Chemie  (Frankfurt  a/M) 
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ENCYCLOPEDIA  OF  EXPLOSIVES 


tun  DCI  A-rert  ITCUC 

Mill/  l\UL.n  R LU  R ■ fc.(TVV 


**106**.  Code  designation  for  1,9— Dinitroxy 
-2,4,6,8-tetranitro-2,4,6,8— tetrazanonane 
described  under  Dihydroxy tetrazanonane 

“12V’.  See  Firing  or  Igniter  Composition 
in  PATR  2510(1958),  p Ger  49 


A(explosif).  A Fr  expl  prepd  by  mixing  Amm 
perchlorate  94  & CCfcollodion  cotton),  in 
the  form  of  jelly  6% 

/? p /_*  Commission  des  Substances  Explo- 
sives,  MP  12,  18(1903—4) 

A(series).  Ger  rockets,  A(Rakcten)  (see 
PATR  2510,  p Ger  l) 


Ai(Monobei)iirit  permitted  expi:  AN  60, 

NG  10,  WM  9,  K chloride  20  & moisture  1%; 

miav  /'k  r%  r ^ Q A7  O r\A  Rq  ! PpnH  9wi  fl  O 7 70" 
,l4l4A  g,-  ~ a ■*--»  r v 

Ref:  Bamett(19I9),  134 


A i(Roundkoi).  A current,  granular  Brit  per- 
mitted coal  mining  expl:  AN  53-6—56.5,  Na 
nitrate  9— 11,  NG  & NGc  9— 11-  vegetable 


fibers  11—13,  Na  chloride  11—13,  Amm  phos- 
phate(dibasic)  0—0.5,  resin  0—0.5  & moisture 
2 %.  Power  61%  of  BG  and  d 0.70 
Refs:  1)  Thorpe  4(1940),  556  2)J. Taylor, 

n_. ^ ^ g— 1 3 T7 1 .* 

JUClOUiUIUU  ill  ^uuucuacu  i^Apiu oi 

don  Press,  Oxford(1952),  20  | 


A4(Monobel).  An  earlier  type  ot  tfrit  mining 
expl:  AN  59,  NG  10,  WM(wood  meal)  9,  ^ 
ch loride  20j  Mg  csrbonstc  1 & moisture  1 /c * 
max  charge  22  oz  and  Bal  Pend  swing  2.ji4" 
(See  also  Monobel  No2) 

Ref : Baraett(1919),  134 


A-4( Rocket).  Same  as  V— 2 described  in 
PATR  2510(1958),  p Ger  213 


A # / T7 r T1  A nrr»  nr  1 a/ i acO\  n 

MO  \A  uouiii  “ujy*  OCC  rni  A \J 


Ger  1 


A-9/A-  10(Guided  Missile).  See  PATR  2510 
(1958),  p Ger  1 


Abbcites.  Brit  permitted  expls:  a)AN78-82, 


NG  9-11,  WM(dried  at  100°)  8-10  & moisture 
0.5-2. 5%(Ref  1)  b)AN  58,  NG  8,  DNT  2, 

WM  9&  Na  chloride  23% 

Ref : Esc  ales,  "Ammonsprengstoffe'!(  1909), 

187 

Abbreviations  of  Ordnance  and  other  terms 
are  given  at  the  beginning  of  the  volume. 
Abbreviations  of  German  Ordnance  terms  are 
given  in  PATR  2510(1958),  pp  Ger  309-45 

Abei,  Sir  Frederick  Augustus(  1827— 1902), 
was  a leading  Brit  scientist  in  the  fields  of 

A.Ahpl1an,c  s*  n A av^Iaci  UPC  T r\  trr\A  flip 



practice  of  beating  nitrocellulose  to  effect 

stabilization,  devised  a stability  test  for 

explosives  which  is  named  after  him,  and 

was  the  author  of  numerous  patents  and 

publications  on  explosives 

Refs:  1)J .Spiller,  JCS  87,  565-70(1905) 

2 YT\  Urban  ski,  MAF  13,  837-41(1934) 

3)Perez  Ara(I945),  36  2 4)Giua,  Dizionario, 

v 1(1948),  p I 

Abel  & Dewar  Smokeless  Propellant,  invented 
in  1889,  consisted  of  high  nitrogen  NC  gela- 
tinized by  acetone  or  ethyl  acetate  & NG 
Ref:  Cundill’ s Dictionary,  MP  5,  279(1892) 

Abel  Powder  or  Picric  Powder.  A mixt  for 
priming  PA(picric  acid)  invented  in  1869  by 
Sir  F.  A.  Abel:  Amm  picrate  40  & K nitrate 
60%  (Ref  1).  French  used  a similar  compn 
called  Brugere(pouare).  In  Ref  2,  the  compn 
of  picric  powder  is  given  as  Amm  picrate  43 
& K nitrate  Sl%\  yel  solid. dec  without  melt- 
ing; brisance  — less  than  TNT;  ballistic 
strength  ca  75%  TNT;  deton  rate  ca  3500  m/s 
vs  6900  for  TNT;  sensitivity  to  impact,  rifle 
bullet  and  initiation  — comparable  to  tetryl; 

i_  _ i i 1 ~ 

£H.«uiiiLy  mm  uumpdi luniLy  wiui  mcLaia  — 

comparable  to  Amm  picrate.  Was  used  during 
WWII  by  the  British  as  a booster  in  AP  projec- 
tiles filled  wich  Sbellite(qv) 

Refs:  l)Thorpe  4(1940),  483  2)All&En 
Expis(  1946),  104 
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Abel*  s Researches  on  Cuncotton  are  de- 

scribed  in  JCS  20,  310-357  & 505-576(1867) 

Abel  Smokeless  Propellant,  invented  in 
1886,  consisted  of  a mixt  of  AN  & NC  coated 
with  petroleum  w or  wo  camphor 

Ref:  Cundill’s  Dictionary,  MP  5,  279(1892) 

Abel’ s Test  or  Kl— Starch  Test  was  designed 
by  Sir  F. A. Abel  to  determine  the  stability  of 
propellants  and  explosives.  It  involved  heat- 
ing a small  sample  of  an  expl  in  a test  tube 
closed  with  a stopper  provided  with  a hook 
on  which  is  suspended  a strip  of  KI— Starch 
paper,  moistened  at  the  upper  half  with  50% 
glycerin  in  water.  The  tube  is  heated  in  a 
constant  temp  bath  and  the  time  necessary 
to  produce  a slight  brownish  (or  other)  colora- 
tion at  the  border  between  the  moistened  and 
dry  areas  of  the  indicator  paper  is  observed. 
The  longer  the  time  required  the  greater  the 
stability  of  substance  under  test.  The  test 
is  usually  conducted  either  at  65.5°  or  82. 2°, 
but  other  temps  may  also  be  used.  More  de- 
tailed descriptions  of  the  test  are  given  un- 
der propellants  and  under  some  expls,  such 
as  TNT 

Notes:  a)Although  this  test  is  one  of  the 
oldest  in  existence,  it  is  still  used  very 
extensively  b)In  this  test,  nitrogen  dioxide, 
which  stans  to  evolve  at  the  moment  of 
decompn  of  a propellant  or  an  expl,  forms, 
on  contact  with  wetted  portion  of  the  test 
paper,  a mixture  of  nitrous  and  nitric  acid. 

The  acids  attack  KI  and  the  liberated  iodine 
colors  the  starch  paper  c)Koehler  & Mar- 
querol(Ref  2)  do  not  recommend  the  use  of 
Abel’ s test  for  NC  propellants  contg  Ca 
carbonate  — Bergmann— Junk  test(qv)  gives 
more  reliable  results 

Refs : l)Marshall  2(1917),  644  & 657  2)A. 
Koehler  & M.Marqueyrol,  MP  23®,  1 1 — 18(1928) 
3 Marshall  3(1932),  213  4)Reilly(1938), 

71  — 7,  5)A. L. Olsen  & J.W.Greene,  Wiley, 
NY(1943),  28-30  6)Kast-Metz(1944),  227- 
32,307-9  & 458-60  7)PATR  1401,  Revi- 
sion 1(1950)  13  & 17-18 


Abeltte.  A type  of  Brit  dynamite  patented  by 
Sir  F.  A. Abel:  NG  65.5,  GC(gun  cotton)  (finely 
divided)  30.0,  Na  nitrate  3.5  & Na  carbonate 
1.0% 

Refs:  ])Daniel,  Dictionnaire  (1902),  p 1 
2)Pe'rez  Ara(  1945),  330 

Abelite  No.  1.  A type  of  Brit  ’’permitted”  expl: 
AN  68,  TNT  6.7,  DNB(dinitrobenzene)  7.0, 

Na  chloride  17. 5,  moisture  0.  5 & unac  0.3% 

Ref:  Barnett(1919),  132 

Abelli,  Mode»to(  1859“  19 11).  Ital  scientist 
who  special! zed  in  expls,  Was  director  for 
a numberof years  of  the  Nobel  Dynamite  Plant 
at  Avigliana 

Ref:  L.Cesaris,  SS  6,  381—2(1911) 

Abe-1  li  Propellant:  NC  30-45,  NG  45-30  & 

NGu  20-25% 

Ref:  M.Abelli,  USP  899, 855(1908)  & CA  3, 
377(1909) 

Note:  It  seems  that  incorporation  of  NGu  in 
propellants  as  a cooling  agent  was  not  origi- 
nally a German  idea  but  that  of  Abelli 
[See  PATH  2510(  1958),  p Ger  8 l(Gudolpulver) 
and  Ger  121(Nitroguanidin  or  Nigu)] 

Aberdeen  Chronograph.  See  under  Chronographs 

Aberdeen  Proving  Ground  is  the  US  Ordnance 
Proving  Ground  located  in  Maryland,  near 
Baltimore.  Its  mission  is  outlined  in  Ordnance 

Corps  Order  4*57,  11  Feb  1957  and  in 
Change  1,  25  July  1958,  Dept  of  the  Army, 
Chief  of  Ordnance,  Washington  25,  D C 

Abietates.  See  under  Abietic  Acid  and  Deriva- 
tives 

ABIETIC  ACID  AND  DERIVATIVES 
Abietic  Acid  or  Sylvie  Acid  (1,2, 3, 4, 4a, 4b, 5, 

6,10,10a-Decahydro-7-isopropyM,4a-dimethyl- 
1-phenanthrene-carboxylic  Acid),  C1<Hj9COOH, 


A3 


MW  302.44.  Leaflets,  mp  174-5°,  bp  200° 
at  1mm,  d 1.132  at  25°,  n”  1.514,  [a]” 
115.6°.  Insol  in  w,  very  sol  in  ale  & eth. 

May  be  obtained  from  the  resin  of  pine  spec* 
ies(colophony)  or  by  other  methods  (Kefs  1, 

2 & 5).  A lab  method  of  prepn  is  described 
in  Ref  6.  Its  toxicology,  fire  hazard,  storage 
and  handling  are  discussed  in  Ref  7.  It  was 
claimed  (Ref  3)  that  the  ignition  sensitivity 
life  of  igniter  compds  contg  cuprous  acety- 
lide(or  other  metallic  acetylides)  is  improved 
by  the  addition  of  small  amounts  of  abietic 
acid 

Refs:  l)Beil  9, [424]  2)L.F.Fieser  & W.P. 
Campbell ,J  ACS  60,159  & 166(1938)  3)0. F. 
Rolland,  USP  2,3  88, 368(1945)  & CA  40,1036 
(1946)  4)Kirk  & Othmer  1(1947),  148  5)H.H. 
Zeiss,  ChemRevs  42,163—4(1948)  6)Org 
Synth  32(195 2),  1-4  7)Sax(  1957), 227 

Abietic,  Azido  Derivative,  N,  •Cl9H2,*COOH  - 
not  found  in  Beil  or  CA  through  1956 

Abietic  Acid,  Diazido  Derivative,  (Ns)2Cl9H27- 
•COOH  — not  found  in  Beil  or  CA  through  1956 

Mononitroabietic  Acid,  (02  N)C19H2 a-COOH  - 
not  found  in  Beil 

Dinitroabietic  Acids.  The  dinitro  compd  of 
the  formula  (02N)2  C1?H27*COOH,  rap  178— 
184°,  reported  to  be  obtained  by  Johansson 
on  nitrating  abietic  acid  (Refs  1 &■  2), could 
not  be  identified  as  dinitroabietic  acid  by 
later  investigators.  Goldblatt  et  al(Refs  3 & 

4)  reported  that  by  nitrating  abietic  acid  with 
nitric  acid(d  1.42)  in  AcOH  or  in  boiling 
ale,  they  obtained  white  crysts,  mp  171.2— 
171.4°,  corresponding  to  the  formula, 

(02N)2  Cj,H2  s -COOH.  Fieser  & Campbell 
(Refs  5 & 6)  prepd  the  compd  (02N)2  Cl9H2  g“ 

• COOH,  ndls  decomposng  at  178—185°,  by 
nitrating  dehydroabietic  acid,  Cl9H27-COOH, 
with  fuming  nitric  or  mixed  nitric* sulfuric 
acid.  This  compd  was  identified  as  6,8- 
dinitrodekydroabietic  or  pyroabietic  acid  and 
had  the  same  props  as  comp  reported  by  Jo- 
-hansson  as  dinitroabietic  acid 

Refs:  l)Beil  9, [428]  2)D. Johansson, 


ArkivKemi  Min  GeoI(Stockholm)  6,  No  19, 
20pp(1917)  & CA  12,583(1918)  3)Beil  9, 

[430]  4)A. Goldblatt  et  al,JACS  52,2133(1930) 
5)Beil  9, [448]  6.L. F. Fieser  & W.P. Campbell, 
JACS  60,165(1938) 

Trinitroabietic  Acid,(02  N)jCj#H2  e*  COOH. 

This  compd,  crysts,  mp  177—8°,  claimed  to 
be  prepd  by  Dubourg(Refs  1 & 2)  proved  to 
be  identical  with  6,8-dinitrodehydroabietic 
acid,  (02N)2Ci9H2,  .COOH  prepd  by  Fieser 
& Campbell(Ref  3) 

Refs:  l)Beil  9, [428]  2)J.Dubourg,BullInst- 
Pin(Fr)  No  41,241-6(Oct  1927)  & CA  22, 
593(1928)  3)L. F. Fieser  & W.P. Campbell, 

JACS  60, 165(1938) 

Polynitro  Derivative  of  Abietic  Acid(no 

formula  given),  ye  I amorphous  solid  which 
exploded  on  heating  and  gave  bright  red  Na, 

K & Amm  salts,  sol  in  w.  It  was  prepd  by 
dissolving  abietic  acid  in  fuming  nitric  acid 
(heated,  if  necessary)  and  pouring  the  soln 
into  a large  amt  of  ice  cold  water 
Refs:  l)Beil  9,[428]  2)J.Dubourg,BullInst- 
Pin(Fr)  No  41,241-6(Oct  1927)  & CA  22, 
594(1928) 

Abietic  Acid,  Organic  Derivatives(Abietates): 

It  has  been  claimed  that  the  incorporation  of 
5 — 1092  of  an  aliphatic  or  aromatic  abietate 
(eg  ethyl,  methyl,  phenyl  or  benzyl  abietates) 
in  single-  or  double-base  propellants  reduced 
the  temp  of  burning  and  eliminated  the  muzzle 
flash 

Ref:  S.G. Norton, USP  1,788,438(1931)  & 

CA  25,1086(1931) 

Following  are  some  organic  abietates: 

Benzyl  Abietate,  ClSH29C02  «CH2C6Hg. 

Serai-liq,  bp  294—297°  at  4mm,  d 1.036  at 
15/4°and  nD  1.551-  Used  as  a plasticizer 
and  was  recommended  as  a flash  reducer  in 
smokeless  propellants 

Ref:  l)Beil  9,[431]  2)C.C.Kesler,  JACS  49, 
2902-3(1927)  3)S.G. Norton,  USP  1,788,438(1931) 

Ethyl  Abietate,  Cl9H2  ,‘CO,  *C2  H, . Yel  oil 
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freezing  at  -45°,  bp  204— 207°at  4mm, 
d 1.032  at  15/4°,  1.5265.  Used  in  lacquers 

and  recommended  as  a flash  reducer  in  smoke- 
less propellant  s 

Refs:  l)Beil  9, [4 31]  2)C.C.  Kesler  et  al, 

J ACS  49,2901(1927)  3)A.C.  Johns  ton,  IEC  21, 
688(1929) 

Ethyl  Abietate,  Nitration  with  HNO,  (d  1.42) 
in  alcoholic  so  In  produced  a solid,  mp  157.5  — 
157.8°,  corresponding  to  the  formula 
C2JH30NjO6  with  N=6.90%.  The  same  compd 
was  obtained  by  refluxing  an  alcoholic  sus- 
pension of  the  Na  salt  of  C,9H2  6 N2  06  with 
diethyl  sulfate 

Refs : l)Beil  9 not  found  2)L.  A.Goldblatt 
et  al,  JACS  52,2135(1930) 

Methyl  Abietate,  Cl9H2  9*C02 -CHj.  Liq,  bp 
225—6°  at  16mm,  d 1.050  at  15/4°  and  n^ 

1.3344-  Recommended  as  a plasticizer  for  NC 

Refs:  l)Beil  9,[430]  2)C.C.Kesler  et  al, 

JACS  49,2902(1927) 

Phenyl  Abietate,  Cl9H2  9«COa  -CeHs . Semi- 
solid, distilled  at  330—333°  at  4mm  giving 
a dark-colored  gum  which  did  not  become 
lighter  in  color  on  redistilling:  d 1.056  at 
15/4°  and  n^  1.5354.  Recommended  as  a 
flash  reducer  in  propellants 
Refs:  l)Beil  9[43lJ  2)C.C.  Kesler  et  al, 

JACS  49,2901(1927) 

Ablation.  According  to  Nicholls  et  al(Ref  1), 
there  is  considerable  contemporary  interest 
in  the  phenomenon  of  ablation,  or  mass  loss 
from  solids  as  a result  of  their  immersion  in 
an  environment  from  which  there  is  a large 
rate  of  energy  transfer 

The  study  of  ablation  in  shock  tubes  con- 
ducted in  Canada  is  briefly  described  in 
open  literature  (Ref  1),  whereas  the  studies 
of  ablation  conducted  in  the  USA  are  classi- 
fied(Ref  2) 

Refs:  1)R.W. Nicholls  et  al,  JApplPhys  30, 
797— 8(1959)(l6  refs)  2)N.Beecher,National 


Research  Corp,  ''Ablation  Mechanism  Study”, 
Contract  DA-1  9—020— ORD-4689,  Progress 
Report  No  7(1959)  and  previous  repts(C) 

Abnormal  Temperature  Testing  of  Propellants 

is  discussed  in  the  US  Ordnance  Proof  Manual 
No  40—32(1949).  The  purpose  of  these  tests 
is  to  determine  the  effect  of  extreme  temps 
(as  low  as  ~70°F  and  as  high  as  160°F)  on 
ballistic  uniformity  of  a propellant  and  the 
adequacy  of  the  ignition  system.  In  these 
tests»the  projectiles  are  fired  at  various  temps 
to  determine  the  relationship  of  velocity/ temp 
and  pressure/temp 

Abonachit  2.  A Ger  expl  used  during  WWH  for 
filling  grenades.  See  Filler  No  57  in  PATR 
2510(1958), p Ger  47 

Abrasive.  Any  grinding  or  polishing  material, 
such  as  emery,  ground  glass,  carborundum, 
infusorial  earth,  pumice  etc.  Some  of  these 
materials  are  used  in  priming  compositions 
in  order  to  increase  the  sensitivity  of  other 
components  (such  as  MF,  KClOs  etc)  to 
friction  or  impact.  Crystalline  Sb2  Sa  used 
in  priming  compns  functions  not  only  as  a 
fuel  but  also  as  an  abrasive(See  under  Primers) 

Refs:  l)Kirk  & Ochmer  1(1947),  1-12(12  refs) 
2)Rie gel, Industrial  Chemistry(  194 9), 3 34—41 

Absolute  Method  of  Measurement  of  Power  of 
Explosives.  See  under  Power  of  Explosives, 
Measurements 

Absolute  Rate Theory(al so  known  as  Transi- 
tion State  or  Activated  Complex  Theory).  A 
theory  of  reaction  rates  based  on  the  postu- 
late that  molecules  form,  before  undergoing 
reaction,  an  activated  complex  which  is  in 
equilibrium  with  the  reactants.  The  rate  of 
reaction  is  controlled  by  the  concn  of  the 
complex  present  at  any  instant.  In  general, 
the  complex  is  unstable  and  has  a very  brief 
existance(See  also  Collision  Theory  of  Re- 
action) 

Refs:  l)H.Eyring,  JChemPhys  3,107—15(1935) 
(The  activated  complex  in  chemical  reactions) 
2)W.Wynne-Jones  &H.Eyring,  JChemPhys  3, 
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492-502(1935XThe  absolute  rate  of  reac- 
tions in  condensed  phases)  3)C.F.Prutton 
& S.H.Maron,  Fundamental  Principals  of 
Physical  Chemistry,  MacMillan, NY(1951), 
pp642  — 3 4)A.  A. Frost  & R.G. Pearson, 
Kinetics  and  Mechanism,  Wiley, NY(  1953i 
pp85— 90  5)E. S. Freeman  & S. Gordon, J Phys 
Chem  60, 867-  71(1956)  (The  application  of 
the  absolute  rate  theory  to  die  ignition  of 
propagatively  reacting  systems)(10  refs) 
Absorbent.  Any  body  or  substance  which 
imbibes  or  takes  up  another  either  by  pene- 
tration into  the  pores,  crevices,  or  capillary 
spaces  of  the  absorbent,  or  by  dissolving  it. 
Energy  of  various  kinds  may  also  be  taken 
up  by  the  absorbent.  The  absorbent  may  be 
a liquid  or  a solid  and  the  absorption  (qv) 
may  occur  with  or  without  chemical  action. 
Illustrative  examples  are:  wood  which  ab- 
sorbs water,  water  which  absorbs  gases 
such  as  ammonia,  solid  anhydrous  Ca 
chloride  which  absorbs  water,  liquids  which 
absorb  light  rays  (see  Absorption  Spectros- 
copy) colored  solutions  which  absorb 
lights  of  different  wave  lengths  than  the 

color  of  the  absorbent 

(See  also  Absorption  and  Adsorption) 

Absorbent  Materials  to  Control  Exudation 

were  discussed  by  R.W.Heinemann,  FREL, 
EDS,  PicArsn,  Dover,  NJ,  May  1959(See 
also  under  Exudation) 

Ab  sorbent  ( Ad  sorbent)  Materials  in  Dyna- 
mites. See  Dopes 

Absorbent(  Ad  sorbent)  Materials  for  Liquid 
Explosives.  See  under  Liquid  Explosives 
(Oxyliquits) 

Absorbent  Materials  for  Nitrogen  Oxides. 

A satd  soln  of  K bichromate  or  0.02M  Kper- 
manganate  in  coned  sulfuric  acid  can  be 
advantageously  used  to  replace  PbOa  in 
analytical  organic  combustions  for  the  de- 
termination of  C,  H and  N 

Ref:  P.J.Elving  & W.H.McElroy,IEC, Anal 
Ed  13,660(1941)  & CA35, 6896(1941) 


Absorbent  Materials  from  Potatoes.  A fibrous 
material,  obtained  by  washing  potatoes  until 
the  remaining  fibers  contain  15%  or  less 
starch  and  then  drying  and  comminuting  the 
fibers,  was  proposed  as  an  absorbent  for 
liquid  explosives  (such  as  NG),etc(Ref  1). 

In  another  patent  by  the  same  firm,  the  ab- 
sorbent is  prepd  by  evaporating  the  liquid 
used  in  washing  potato  starch,  followed  by 
drying  and  pulverizing  the  residual  fibrous 
mass,  which  contains  but  little  starch(Ref  2) 

Refs:  1)N.V.M.  A.Scholten’ s Aardappelmeel- 
fabrieken,  BritP  506,929(1939)  & CA  34,550 
(1940)  2)Ibid,  GerP  726,576(1942)  & CA  37, 
6462(1943) 

Absortlometer,  an  apparatus  for  analysis  of 
metals,  and  probably  suitable  for  analysis  of 
metal-contg  expl  & pyro  compns,  is  described 
in  the  book  by  F.W.Haywood&  A. A. R. Wood, 
'’Metallurgical  Analysis  by  Means  of  the 
Spekker  Photoelectric  Absorptiometer, ” 
Hilger  & Watts,London(1957) 

Absorption(see  also  Adsorption)  is  an  act  or 
process  of  taking  up  (incorporating)  gases, 
liquids  or  solids  inside  a liquid  or  solid  sub- 
stance which  may  be  called  the  '’absorbent" 
Absorptions  may  be  classed  principally  as 
physical,  chemical,  thermal  (radiation),  elec- 
trical and  physiological.  Only  the  first  two 
are  treated  here 

In  physical  absorption  no  chemical  reac- 
tions take  place  and  the  absorbed  material 
(absorbate)  is  held  by  the  absorbing  material 
(absorbent)  only  by  the  forces  of  cohesion  or 
capillary  action  in  the  pores  of  the  solid. 
Physical  absorption  is  a reversible  process. 
As  examples  may  be  cited  the  absorption  of 
gases  such  as  nitrogen  or  oxygen  in  water, 
and  absorption  by  soda  lime  or  KOH  of  car- 
bon dioxide 

In  chemical  absorption  definite  chemical 
bonds  are  produced  between  the  atoms  and 
molecules  inside  the  "absorbents’  ’ and  the 
atoms  and  molecules  of  the  "absorbates” 
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This  is  usually  accompanied  by  considerable 
evolution  of  heat  and  the  reaction  is  very 
difficult  to  reverse.  For  instance,  when  cold 
platinum  sponge  is  held  in  the  vapors  of  alco- 
hol absorption  proceeds  with  enormous  evolu- 
tion of  heat  — the  sponge  becomes  red  hot  and 
ignites  the  alcohol.  This  property  has  been 
used  in  some  "lighters" 

From  the  point  of  view  of  industry,  the  book 
of  Brown  on  Unit  Operations(Ref  4,p32)  de- 
fines absorption  as  "an  operation  in  which 
significant  or  desired  transfer  of  material  is 
from  the  vapor  phase  to  the  liquid  phase"  . 
Absorption  usually,  but  not  always,  desig- 
nates an  operation  in  which  the  liquid  is  sup- 
plied as  a separate  stream  independent  of 
the  vapor  being  treated 

Refs : 1)H.C. Carlson  et  al,  IEC  38,  Jan  1948 
and  following  years  under  Unit  Operations: 
"Absorption  and  Humidification"  2)Kirk  & 
Othmer  1(1947)14—32(25  references)  3)Perry 
(1950), 667-711  4)G.G. Brown,  Edit/’Unit 
Operations, ’’Wiley, NY(  1950)  5)T.K. Sherwood 
& R.L.  Pigford,  "Absorption  and  Extraction,’’ 
McGraw-Hill,NY(1952),pp  115-390 

Additional  References  on  Absorption : a)M. 
Voogd.CanP  362,060(1936)  & CA  31,1563 
( 1937) ( Absorption  of  nitrogen  oxides  from 
gases  leaving  the  acid  absorption  system  of 
a nitric  acid  plant  by  contact  with  sufficient 
gaseous  NH}  to  neutralize  the  N oxides  in 
the  gas  stream  and  render  it  slightly  alkaline) 
b)S.N.Ganz  & L.I.Mamon,  ZhurPriklKhim  26, 
1005-13(1953)  & CA  48,79820  954) (Absorp- 
tion of  NO  by  FeS04)  c)G.Cherubin,  BullFr 
1954,192-5  & CA  48, % 84(1 954) (The  nitra- 
tion of  cellulose  with  mixed  HNOj—  H5  S04 
depends  on  the  absorption  of  acids  into  the 
fibers) 

Absorption  Coefficient.  See  Coefficient  of 
Absorption 

Absorption  Electronic.  See  under  Absorption 
Spectroscopy 

Absorption  Spectroscopy  is  the  technique  de- 
voted to  the  study  of  radiations  absorbed  on 
passing  through  matter  of  various  forms.  Es- 
sentially, the  method  consists  in  placing  a 
transparent  solid  or  liq  material  or  soln  in 


quartz  containers,  called  cells,  between  the 
source  of  light  (visible,  ultraviolet  etc)  and 
a spectrometer,  and  observing  which  lengths 
of  radiation  are  absorbed.  Absorption  spec- 
troscopy is  used  in  anaylsis  of  expls  and 
prope  Hants 

The  technique  which  determines  the  relation- 
ship between  the  wave  length( frequency)  of 
radiation  and  its  attencuation  by  absorption 
upon  passage  through  a particular  medium,  is 
called  absorption  spectrophotometry 

Following  are  selected  refs  on  absorption 
spectroscopy,  absorption  spectrophotometry, 
electronic  spectroscopy,  etc:  l)F.Twyman  & 

C.B.Allsop,  "The  Practice  of  Absorption 
Spectrophotometry,  Adam  Hilger,London(1934) 
2)H,Mohler,  "Absorptionsspektrum  der  chemi- 
schen  Bindung, ’’reproduced  by  Edwards  Bros, 
Ann  Arbor,  Mich(1943)  3)L.  Paulin  g,OSRD 
Rept5953(1945)  "Absorption  Spectra  of  Ex- 
plosives and  Other  Compounds  of  Interest  in 
the  Study  of  Smokeless  Powder ’’ (Conf)(not 
used  for  this  dictionary)  4)G.R. Harrison, 
R.C.Lord  & J.R.Loofbourow,  "Practical 
Spectroscopy, ‘ Pren tice-H all, NY(  1949)  5)W. 
West  in  Weissberger’ s "Physical  Methods  of 
Organic  ChemistryVlnterscience,NY,vl,part2 
(1949, pp  1295-1312  6)G.F. Lothian,  "Ab- 
sorption Spectrophotometry,"  Adam  Hilger, 

London(1949)  7)M.G. Mellon,  et  al  "Analyti- 
cal Absorption  Spectroscopy’’,  Wiley, NY(1950) 
8)K.Dobriner,  "Infrared  Absorption  Spectra’’, 
Interscience,NY(1953)  9)J.Deschamps, 

MSCE  38,335(1953)(Ultraviolet  absorption 
spectra  of  nitronium  and  nitrosonium  ions) 
10)N.Norrish  et  al,  PrRS  A227, 423-33(1955) 

& CA  49, 739 1(195 5) (Explosive  combustion  of 
hydrocarbons  — comparative  investigation  and 
study  of  continuous  spectra)  ll)H.M.Hershen- 
son,  "Ultraviolet  and  Visible  Absorption 
Spectra’  ’ , Index  for  25  years  — 1930  to  1954, 
Academic  Press,  NY(1956)  I2)A.Gillam  & 
E.S.Stern,  "An  Introduction  to  Electronic 
Spectroscopy  in  Organic  Chemistry”,  St 
Martins, London(1958)(See  also  Infrared  Spec- 
troscopy, Ultraviolet  Spectroscopy  and  Visible 
Spectroscopy) 
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Absorption  Towers  or  Columns  are  tall  cylin- 
drical structures  designed  for  absorption(qv) 
of  gases  by  liquids.  There  are  several  types 
of  towers,  such  as: 

b)Plate  totner.The  simplest  type  consists  of 
a closed  vertical  cylinder  the  inside  of  which 
is  partitioned  by  a set  of  horizontal  trays  in- 
stalled one  above  the  other.  Each  tray  has 
two  openings,  one  in  the  center  for  a bubble 
cap, the  other  on  the  side  for  an  overflow  tube. 
The  liquid  moves  from  the  top  to  the  bottom 
of  the  tower  while  the  gas  passes  counter 
current.  The  liquid  flows  across  the  first  tray 
and  then  falls  to  the  second  tray.  It  flows  in 
this  tray  in  the  opposite  direction  and  falls 
to  the  third  tray,  thus  following  a twisting 
path  down  the  column 

b) Packed  tower  consists  of  a closed  cylinder 
filled  with  different  solids  such  as  pieces  of 
stone,  brick,  glass,  coke,  Raschig  rings, 

Berl  saddles,  Lessing  rings,  Nielson  propel- 
ler packing,  Hechenbleikner  blocks,  Stedmann 
packing,  Bregeat  multiple  spirals  etc.  Here, 
as  in  the  case  of  plate  towers,  the  liquid 
flows  from  the  top  of  the  tower  and  the  gas 
enters  at  the  bottom 

c) Spray  towers  contain  fine-spray  nozzles 
through  which  the  liquid  is  forced  under  pres- 
sure against  the  incoming  gas  to  be  absorbed. 
Another  method  of  ‘'atomizing’  ’ the  liquid 
consists  of  impinging  the  liquid  against  a 
disk  rotated  at  very  high  speed.  In  the  so- 
called  “cycloQe-spray  scrubber’’  the  gas 
enters  tangentially  and  is  forced  into  a spiral 
path  by  a system  of  deflector  plates,  while 
the  absorbing  liquid  (such  as  water)  enters  a 
perforated  tube  located  in  the  center  of  the 
column  and  is  sprayed  against  the  particles 
of  gas.  This  method  is  very  suitable  for  re- 
moving dust,  fumes,  etc  from  the  air.  Plate 
and  packed  towers  are  also  used  in  the 
fractional  distillation  of  liquids 

Refs:  l)Kirk  & Othmer  1(1947X15-18  2)Perry 
(1950)  3)Riegel,  ChemMach(1953X254-8  & 

501  4)G. A. Morris  & J. Jackson,  Absorption 
Towers,  Butterworth,  London(1953) 


Acacia.  See  Gum  Arabic 

AcAn.  Code  name  for  l,9-Diacetoxy-2,4,6,8- 
te tran  itro-  2 ,4,6 ,8-te tra zanon  an e , de  s cribed 
under  Diacetoxytetrazanonane.  It  is  also 
called  l,9-Diacetoxypentamethylene-2,4,6,8- 
tetr an itr amine  and  2,4,6,8-Tetranitro-  2, 4,6,8- 
tetrazanonane-l,9-diol-diacetate 

Acapnia.  An  Ital  sporting  propellant  (polv ere 
da  caccia),  similar  to  Schultze  Propellants(qv] 
formerly  manufd  by  the  Societe  Italienne  pour 
la  Fabrication  de  1’  Acapnia 

Refs:  l)Daniel,  Dictionnaire(1902),2  2)Bel- 
grano(  1952X292 

ACARDITE  OR  AKARD1T 

A cardites  are  compds  developed  in  Germany 
as  stabilizers-gelatinizers  for  NC  in  smoke- 
less propellants.  There  are  three  acardites 
of  which  Acardite  I was  developed  first 

Acardite  l (asym-Diphenylurea  or  N,N- 
DiphenyIurea)(Akardit  I or  Stabilit  in  Ger), 
(C6Ha)3N.CO.NHa,  mw  212.24,  N 13.20%, 

OB  to  CO,  - 233.7%,  OB  to  CO  - 135.7%. 

Col  ndls,  mp  189°,  d 1.276. Can  be  prepd  by 
one  of  the  methods  mentioned  in  Refs  1 or  2 
by  the  method  used  in  Germany  during  WWII 
and  communicated  to  us  by  Dr  Hans  Walter 
(Ref  9).  The  manuf  in  Germany  was  conducted 
in  two  stages:  a)  Treatment  in  the  cold  of 
diphenylamine  with  phosgene  in  the  presence 
of  soda  ash  in  an  autoclave  under  atmospheric 
pressure:  (C6H,)3NH  + C1-CO-C1  + 1/2 
Na3COJ->(C#H5)JN.CO.Cl^  NaCI  ♦ C03 
b)Treatment  of  the  resulting  diphenylcarbamyl- 
chloride  with  ammonia  gas,  in  the  presence  of 
soda  ash,  conducted  in  the  same  autoclave  but 
under  pressure  and  at  a temp  of  about  100°: 
C8HS)3N.C0.C1  +NH,+  1/2  Na3  COj  — ► 
(CeH5)aN-CO.NH3  + NaCl  + COa 

Following  are  some  props  of  Acardite  I: 
solubilities(appr)  at  RT,  g/100  ml  of  solvent 
(Ref  6a  & other  sources):  acet  1.50,  benz 
0.306,  carbon  disulfide  0.24,  chlf  5.80,  ale 
(95%)  0.94,  ethylene  chloride  2.31,  eth  0.209, 
methanol  2.93  toluene  0.105,  & petreth0.17; 
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nearly  insol  in  w;  heats  of  combstn  1605.4 
kcal/mol  at  Cv,  18°,  H20  Iiq(Refs  7 & 8)  or 
1606.2  at  Cp(Re£  7);  heat  of  formn  28.3  kcal/ 
mol  at  Ct  or  32.6  at  Cp(Ref  7) 

Acardite  I was  used  in  Germany  as  a sta- 
bilizer -gelatinizer  and  as  a muzzle  flash  re- 
ducer in  NC  smokeless  propellants.  When 
used  in  small  quantities(say  0.8%),  acardite  s 
served  as  stabilizers,  while  in  larger  quanti- 
ties they  acted  as  moderators  of  burning  rate 
and  as  flash  reducers.  Acardite  I was  con- 
sidered inferior  in  all  respects  to  acar- 
dites  II  and  III(Ref  6).  According  to  Ref  5, 
Acardite  I does  not  exercize  any  gelatinizing 
action  on  NC,  especially  if  NC  is  of  high 
nitrogen  content 

Reudler(Ref  3),  studied  the  nitration  of 
Acardite  I and  obtained  asym-dinitrodiphenyl- 
ureas  and  asym-tetranitrodiphenylurea 

Analytical  procedures  for  acardites  are 
briefly  described  following  Acardite  III 

Refs:  l)Beil  12,429,(255) & [241]  2)H.Kast, 
Spreng-  und  Zundstoffe,  Braunschweig(1921), 

181  3)J • F. L. Reudler, Rec  33,49-55(1914) 
4)Stertbacher(1933)jl97  5)Anon  PB  Rept 
11544(1944)  6)0.  W.  Stic  kland  et  al,  PB  Rept 
925(1945)  6a)R.Dalbert  & J.Tranchant, 

MP  30,338(1948)  7)L.Medard  & M. Thomas, 

MP  34,422,430  & 439-40(1952)  8)P.Taver- 
nier,  MP  38,307-8  & 329(1956)  9)Dr  Hans 
Walter,  PicArsn, Dover, NJ;  privage  communi- 
cation(1958) 

Acardite  ll  or  Methylacardite(N%  -Methyl-N,N- 
diphenylurea)(Akardit  II  in  Ger),  CHs-NH»CO“ 
N(C6Hj)j,  mw  226.27,  N 12.38%,  OB  to  C02 
-240.4%,  OB  to  CO  -141.4%.  White  crysts, 
mp  170.5°  for  a tech  sample  and  171.2°  for  samples 
re  cry  st  a Hi  zed  from  chloroform  or  ethanol. 

Soly  at  RT  in  chlf  15. 2gper  lOOg  of  solvent 
and  in  methylene  chloride  14.9g(Ref  3a)-  It 
was  prepd  in  Germany  by  treating  equimolecu- 
lar  quantities  of  DPhA  and  methylamine,  dis- 
solved in  CC14,  with  phosgene  in  the  presence 
of  limestone.  This  was  followed  by  fractional 
distillation.  The  reaction  proceeded  as  follows: 


CH,NH2  +COC4  +NH(C6Hs)2  + CaCOj^^ 
CH,.NH.C0.N(C6Hs)2  +CaCI2  + C02  +H20 
(Ref  2) 

Heat  of  combustn  1771.5  kcal/mol  at  C , 

v 

18°  & H20  liq  or  1772.6  at  C (Refs  4 & 5); 
heat  of  formn  24.1  kcal/nol  at  Cy  or  29.1 
at  Cp(Refs  4 & 5) 

Acardite  II  was  proposed  in  Germany  as  a 
stabilizer-gelatinizer  in  NC  smokeless  pro- 
pellants, As  a stabilizer,  it  was  considered 
superior  to  Acardites  III  & I and  as  a gel- 
atinizer inferior  to  Acardite  III  but  superior 
to  Acardite  l(Ref  3) 

Refs:  l)Beil  — not  found  2)Dr  Hans  Wralter, 
PicArsn;  private  communication  3)O.W. 
Stickland  et  al,  PB  Rept  925(1945), 18  3a) 
R.Daibert&  J.Tranchant,  MP  30,340(1948) 
4)L.Medard  & M. Thomas,  MP  34,423  & 430 
(1952)  5)P.Tavernier,  MP  38,  307  & 329(1956) 

Acardite  III  or  Ethylacardite  (N1 -Ethyl-N,N- 
diphenylurea)(Akardit  III,  in  Ger), 

CaH,  .NH.C0-N(C6Hs)2,  mw  240.29,  N 11.66%, 
OB  to  C02  -246.4%,  OB  to  CO  -146.5%. 

White  cryst,  mp  72.3°  for  a tech  sample  and 
73.1°  for  samples  recrytd  from  ethanol  or 
chlf(Ref  4).  It  was  prepd  in  Germany  by  treat- 
ing with  phosgene  a soln  in  carbon  tetra- 
chloride of  equimolar  quantities  of  ethyl- 
amine  and  diphenylamine  in  the  presence  of 
limestone.  This  was  followed  by  fractional 
distillation.  The  following  reaction  took  place: 

C2HSNH2  + C0C12  +NH(C6Hs)2  + CaCOj *. 

C2  Hs  »NH  -CO-N(C6Hj  )2  + CaCl2  + C02  + 

H2  0(Ref  2) 

Heat  of  combustn  1922.7  kcal/mol  at  C , 

18°  & H20  liq(Refs  4 & 5)  or  1924.1  at  Cp 
(Ref  4);  heat  of  formn  35.0  kcal/mol  at  Cv 
or  40.5  at  Cp  (Ref  4) 

Acardite  III  was  proposed  in  Germany  as  a 
stabilizer-galatinizer  in  NC  smokeless  pro- 
pellants. As  a stabilizer  it  was  considered 
superior  to  Acardite  I and  inferior  to  Acardite 
11  and  as  a galacinizer  superior  to  Acardite  II 


Refs:  l)Beil  — not  found  2)Dr  Hans  Walter, 
PicArsn;  private  communication  3)0. W. 
Stickland  et  al,  PB  Rept  925(1945),18  4)L. 
taeaara  & M.  Thomas,  MP  34,423  Si  431(1952) 
5 )P. Tavernier,  MP  38,307-8  & 329(1956) 


Acardites,  Analytical  Procedures,  Following 
methods  are  based  on  Refs  1,2,3  & 5: 


Method  1 (when  only  acardite  I is  present  and 
no  urethanes, DP h A or  centralites):  a)Extiact 
with  chloroform  or  methylene  ch!oride(5  — lOg) 
a finely  divided  propellant  using  a Soxhlet 


. » . / 1C  1 i 1 

.Auauwi^a  n*o  iui  ca- 


traction).  Evaporate  chlf  under  reduced  pres- 
sure and  weigh  the  dry  residue  (wt  1)  b)Check 
the  mp  and  if  it  is  close  to  189°,  no  further 
analysis  is  necessary  c)If  mp  is  not  189°, 
shake  the  residue  with  50cc  CCl4(in  which 
acardite  I is  only  si  sol),  add  50cc  of  N/5  K 


HjN-CO-NCQH,)*  + 2Br,  * H.rl.CO*- 

N(C4H4Br)a  + 2HBr.  This  bromination  is  com- 
plete if  conducted  in  the  dark  for  6 hrs,  d) 
Determine  the  amt  of  unreacted  bromine  by 

adding  K iodide  soln:  Bra  + 2KI » 2KBr  + Ia, 

and  titrating  the  liberated  iodine  with  N/5  Na 
thiosulfate  soln  in  presence  of  starch.  Calcu- 
late the  amt  of  acardite  I,  knowing  that  lcc  of 
N/5  thiosulfate  = 0.0106  g of  akardite  I(wt  2). 
If  the  wt  2 is  smaller  than  wt  1,  some  impurity 
is  present(Refs  2 & 5) 


Note:  According  to  Dalbert  & Tranchant(Ref  3)» 
the  above  direct  bromination  of  acardite  I is 
not  as  convenient  as  their  method,  which  con- 
sists essentially  of:  a)saponification  of 
acardite  I(extracted  from  propellant)  by  boil- 
ing with  3N  NaOH  soln  for  2 hrs:  HaN*CO" 
N/r_H. ^ +n  n .TH  .MH.rH.  +rn 

- 9 '2  -~1  — ^ 3 2 

+ NHS  b)Bromination  of  the  resulting  di- 
phenylamine  with  bromide-bromate(  % hr): 

C^Hj  •NH*C6H5  + 2Bra  BrC^-NH-C^Br 
+ 2HBr  c)Determination  of  unreacted  bromine 
by  adding  to  the  soln  KI  and  titrating  the 
liberated  iodine  with  N/10  thiosulfate  in 
presence  of  starch.  Calc  the  amt  of  akardite  I 
knowing  that  lcc  of  N/10  thiosulfate  corres- 
ponds to  0.0021g  DPhA  or  0.005  3g  acardite  I 


Method  2(when  acardite  I and  a centralite 
are  present):  a)Extract  the  finely  ground 
sample  of  propellant,  as  in  Method  1,  evapor- 
ate the  solvent  and  weigh  the  dry  residue 
(wt  1),  which  is  equal  to  centralite  & acar- 
dite b)  Treat  the  residue  with  aq  AcOH  at 
pH  ca  4.  This  will  hydrolize  the  centralite, 
leaving  acardite  I intact  c)Wash  the  residue 
with  w,  dry,  and  weigh(wt  2).  Wt  2 is  equal 
to  acardite  I and  wt  1 — wt  2 is  equal  to 
centralite  d)  Det  mp  of  acardite  I and  if 
ca  189°,  no  further  analysis  is  necessary 
e)If  mp  i«  not  189° i detn  the  amt  of  acardite 
either  by  direct  bromination,  proc(d)of 
Method  1 or  by  the  method  of  Dalbert  & 
Tranchant(Ref  3) 


Method  3(when  acardite  I and  substituted 
urethanes  are  present  in  propellants  not 
contg  NG  or  DEGDN)  : a)Extract  with  chlf 
or  methylene  chloride)  a large  sample(ca  lOg) 
of  finely  ground  propellant,  evaporate  the 
solvent  and  weigh  it(wt  1).  This  is  equal  to 
acardite  I & urethanes  b)Stir  the  residue 
with  5Qcc  of  toluene,  previously  saturated 
with  acardite  I,  and  filter  through  sintered 
glass  crucible,  under  vacuo.  Rinse  the 
residue  with  few  cc  of  w,  dry,  and  weigh 
(wt  2).  Wt  2 is  equal  to  acardite  I and  wt  I 
— wt  2 is  equal  to  urethanes  such  as  di- 
phenylurethane,  ethylphenylurethane,  etc 

/Ref  X ni-i 
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Method  4(when  acardite  II  alone  is  present 
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finely  divided  sample  of  propellant(ca  lOg) 
with  methylene  chloride  or  chlf  and  evap  the 
solvent  b)  Dry  at  110°  and  weigh(wt  1) 
(acardite  II  is  nor  volatile  at  110°)  c)Det 
the  mp  and  if  it  is  ca  170.5°,  the  identity  of 
acardite  II  is  established.  If  mp  differs 


ffciji  170  5^  toil  vH* 


and  aq  sulfuric  acid  to  split  the  acardite  II: 


CH3.HN;CO.N(C,Hs)a  COa  + C6H,r 

NH-C6Hs  +CHs-NHa  d)D  is  til  off  quantita- 
tively methylamine  into  a flask  contg  AcOH 
and  save  the  residue  contg  DPhA  e)Treat  . 


the  soln  of  methylamine  with  aq  Na  nitrite  : 

CHj-NHj  + NaNOa  + CH,COOH ► Na  + 

CHjCOONa  + CHjOH  + HaO,  and  collect  the 
liberated  nitrogen  into  a gas  burette.  Calc 
from  the  amt  of  N,  the  amt  of  acardite  II 
(wt  2).  If  wt  2 is  smaller  than  wt  1,  then 
something  else  than  acardite  II  is  present 
f)In  order  to  establish  that  the  sample  con- 
tains acardite  II  and  not  acardite  III,  treat 
the  solnfafter  removal  of  N gas)  with  chromic 
acid  mixr(K2  Cra  07  + HaS04)  to  oxidize  the 
methanol  to  formaldehyde.  The  pungent  odor 
of  formaldehyde  indicates  the  presence  of 
acardite  II  in  propellants.  More  definite  results 
ate  obtained  by  treating  the  oxidized  soln  with 
fuchsin,  previously  discolored  by  treatment 
with  S02  gas.  Bluish-red  coloration  indicates 
the  presence  of  formaldehyde(and  of  acardite 
II)  and  the  intensity  of  coloration  can  be 
detnd  in  a colorimeter  g)An other  way  to  check 
the  results  of  analysis  is  to  det  the  amt  of 
DPhA  in  residue  of  proc  (d).  For  this  wash 
the  residue  and  dry  & weigh  it(wt  2 ° DPhA) 
h)Verify  the  identity  of  DPhA  by  dissolving 
the  residue  in  coned  sulfuric  acid  and  det  the 
amt  of  DPhA  colorimetric  ally  without  delay 
using  us  reagent  aq  KNOa  soln(Refs  3 & 5) 

Method  3(when  acardite  II  & centralites  are 
present):  a)Ertract  with  chlf  or  methylene 

chloride  ca  lOg  of  finely  divided  propellant, 
evap  the  solvent  and  weigh  the  dried  extract 
(wt  1 " centra  Lite  + acardite  II)  b)Treat  the 
extracted  material  with  aq  AcOH  at  pH  ca  4 
and  filter  the  mixt  through  tared  sintered 
glass  crucible.  Rinse  the  residue,  dry  it  to 
const  wt  and  weigh(wt  2 = acardite  II  and 
wt  1 — wt  2 * centralites)  c)Continue  the 
analysis  as  described  in  procedures  (c)  to 
(g)  of  Method  4 

Method  6(when  acardite  III  alone  is  present 
as  stabilizer  and  gelatinizer):  Procs  a)  to  e)- 
same  as  in  Method  4 f)In  order  to  establish 
that  the  sample  contains  acardite  III  and  not 
acardite  H,  treat  the  solnfafter  removal  of 
N gas)  with  chromic  mixt(KaCr207  + Ha  S04) 
in  order  to  oxidize  ethanol  to  acetaldehyde. 
Treat  the  oxidized  soln  with  fuchsin,  previously 


discolored  by  treatment  with  $Oa  gas.  No 
change  in  coloration  indicates  the  absence 
of  formaldehyde,  which  would  form  in  the 
presence  of  acardite  II.  Procs  g)&h)— same 
as  in  Method  4 

Method  7(when  acardite  IH  and  centralites 
are  present):  Procs  a)  & b)~ same  as  in  Method 
5;  c),  d)  & e)  — same  as  in  Method  4j  f),  g) 

& h)  — same  as  Method  6 

Method  8(when  acardite  II  and  diphenylaraine. 
are  present):  a)Extract  ca  lOg  of  finely 
divided  propellant  with  methylene  chloride 
or  with  chlf,  evap  the  solvent  and  dry  and 
weigh  the  extracted  residue  (P  = x + y, 
where  x is  the  wt  of  acardite  II  and  y is  the 
wt  of  DPhA  in  propellant)  b)Dissolve  the 
extracted  material  in  50c c chlf,  add  300cc 
water  and  an  excess  of  K bromide-bromate 
soln  of  known  concn  c)After  brominating  for 
4 hrs  at  RT,  add  aq  soln  of  KI  and  titrate  the 
liberated  iodine  with  N/10  Na  thiosulfate 
(lcc  of  thiosulfate  is  required  for  0.0021  g 
of  DPhA)  d)If  the  ealed  wt  of  DPhA  is  equal 
to  P1 , mol  wt  of  DPhA  D 169  and  wt  of  2 mo  Is 
of  acardite  H is  equal  to  452,  the  P1  = 

169/452  x + y ° 0.374  x + y 
Eg:  If  P - 2.5000  g and  P'  » 1,8000  g,  then 
x + y ^ 2,500  and  0.374  x + y * 1.800,  then 
x * 1.119  g and  y ° 1.381  g (Ref  3.  f>  342) 

Method  9(when  acardite  III  and  DPhA  are 
present) —same  as  in  Method  8 except  the 
formula  in  proced(d)  shall  be  “ l69x/480h 

+ y = 0.352x  + y 

Note:  In  Ref  4 are  given  colorimetric  reac- 
tions with  aq  K nitrate— sulfuric  acid  for 
acardite  /(color  of  ring  bm-red  & violet  and 
color  after  mixing  grn-brn  turning  into  yel-brn) 
and  for  acardite  ///(color  of  ring  btue-gm,  and 
color  after  mixing  blue-gm  turning  into  violet) 

Refs:  1)F. Becker  & G.A.Hunold,  SS  28,285(1933} 
2)Kast-Metz(1944),166  3)R.Dalbert  & J.Tran- 
chant,  MP  30,335-42(1942)  3a)T.C. J.Ovenston, 
Analyst  74,344-5l(1949)(Chromatographic  detn 
of  acardites  in  propellants)  4)F.  vonGizyki  & 

L.  Repp  el  ,Z  Anal Chem  144, 110-11(1955)  (Color 
reactions  of  acardites  I & III)  5)Dr  Hans  Walter, 
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PicArsn;  private  communication  195 9) 

Accel ero graphs.  Accelerometers  and  other 
devices  for  experimental  study  of  movement 
of  projectiles  in  guns  are  described  by  P. 
Libessart,  MAF  11,1077-1117(1932) 

Accenzione(Ital).  Ignition 

Acceptable  Explosives  belong  to  the  group 
of  "Dangerous  Chemicals"(qv),  as  defined 
by  die  ICC  (Interstate  Commerce  Commission), 
which  may  be  safely  transported  by  railroads, 
motor  vehicles  and  steamships  subject  to 
certain  regulations 

Acceptable  explosives  may  be  divided  into 
three  classes: 

Class  A:  dangerous  explosive s(detonating 
or  otherwise)  of  maximum  hazard.  Their  dis- 
tinguishing characteristic  is  the  susceptibil- 
ity to  deton  by  a blasting  cap.  Typical  ex- 
amples are:  dynamite,  PA,  TNT,  NC,  NC* 
and  AN  and  chlorate  expls.  Black  powder  is 
also  included  in  this  group  although  it  can- 
not be  detonated  by  a commercial  blasting 
cap(lCC  Sec  73.53) 

Class  B-  less  dangerous  explosives  than  A. 

In  general  they  function  by  rapid  combustion 
rather  than  by  deton.  Typical  examples:  some 
smokeless  propellants,  some  pyrotechnic 
powders(flash  powders)  and  signal  devices 
(ICC  Sec  73.88) 

Class  C:  relatively  safe  expls(min:mum  haz- 
ard). They  are  defined  as  certain  types  of 
manufd  articles  which  contain  class  A or 
class  B expls,  or  both,  as  components  but 
in  restricted  quantities.  Eg:  small  arms  am- 
munition and  certain  types  of  fireworks  (ICC 
Sec  53.100)(See  also  Forbidden  Explosives) 

Refs:  1)US  War  Dept  Tech  Manual  TM  3—250 
(1940), pp  4-5  2)Agent  H. A. Campbell’ s 
Tariff  No  10,  publishing  the  "Interstate  Com- 
merce Commission  Regulations  for  Transpor- 
tation of  Explosives  and  other  Dangerous 
Articles  by  Land  or  Water"  , 30  Vesey  St, 
New  York  7,  NY(1957) 


Accessibility  is  the  ratio  between  the  por- 
tion of  a cellulose  sample  which  is  accessi- 
ble to  a given  reagent  (such  as  Ac2  O, 

Ac2  0 + HNOj,  Ac0N02  etc)  and  the  portion 
which  is  not  accessible 

It  has  been  claimed  that  the  cryst(or  or- 
dered) regions  of  cellulose  resist  the  pene- 
tration of  reagents  while  the  amorphous  re- 
gions are  more  reactive.  This  definition  is 
only  approximate 

Refs:  l)J.Chedin  & A.Tribot,  MSCE  36,42 
(1951)(7  refs)  2)Ott,  5,  part  1(1954), pp  7 
& 266  3)E.Dyer  & H. Williams,  TAPPI  40, 

No  1 , 14 — 20(1957) ( 16  refs) 

Acciaid(Ital).  Steel 

Acciaio  fuso(Itai).  Cast  steel 

Accidental  Explosions  in  Process  Industry 
Plants,  C auses  of  such  explosions  may  some- 
times be  determined  by  a study  of  resulting 
missiles  as  well  as  of  any  corpses 

Ref : C.  Fie  Id,  ChEng  54,102-4(Jan  1947); 

126— 8(  Feb  1947);  118-20(March  1947) 

Accidental  Scientific  Discoveries.  Title  of 
a booklet  by  B.E.Schaar,  published  in  1955 
by  Schaar  & Co,  754  W.Lexington  St,  Chicago 
7,111.  Among  many  interesting  items  in  the 
booklet,  mention  is  made  of  the  accidental 
discoveries  of  dynamite,  acetylene,  the  ben- 
zene ring,  iodine,  oxygen,  petroleum  jelly, 
plastics,  radioactivity,  and  X-rays.  All  these 
substances  and  phenomena  are  of  importance 
in  the  expls  industry 

Accidents  in  lndustry(Laws,  Prevention, 
Statistics,  etc).  See  the  following  publications: 

1)G.C. Whalen,  Chemlnds  54,852-3(1944) 
"Accident  Analysis  in  Wartime  Chemical 
Plants"  2)H.H.Judson  & J.M.Brown,  "Occupa- 
tional Accident  Prevention”, Wiley ,NY(1944) 
3)C.G.Daubney,MetaIlurgia  33,41—4(1945) 
"Accident  Investigations"  4)US  Army,  Corps 
of  Engineers  Safety  and  Accident  Prevention 
Div,  Safety  Requirements, Pamphlet, US  Govt 
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Printing  Office(1946)  5)H.W. Heinrich /'in- 
dustrial Accident  Prevention;  A Scientific 
Approach1/ 3rd  ed,  McGraw-Hill, NY(1950) 
6)Natlonal  Safety  Council,1  'Accident  Preven- 
tion Manual  for  Industrial  Operations  ,”2nd 
ed,  Chicago, 111(1951)  7)Underwriters  Lab- 
oratories, Inc, 'Lists  Relating  to  Accident 
Equipment/NY(1951)  8)National  Fire  Pro- 
tection Association/ National  Fire  Codes 
for  the  Prevention  of  Dust  Explosions,” 

CKOl  n\TT7  M IT,,,,.,, I*..  "Tk®  T 
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Accidents” Oceana  Publications,NY(1954) 
I0)US  Bureau  of  Mines, "Accidents  from  Ex- 
plosives at  Metal  and  Non-metailic  Mines,” 
July(1956)(See  also  Safety  Measures  in  In- 
dustry) 

AccumulotorsfStorage  Batteries)  are  fre- 
quently used  in  Ordnance  plants  and  labora- 
tories. Since  they  represent  certain  explo- 
sive hazards  some  knowledge  of  their  han- 
dling is  desirable.  The  following  references 
contain  such  information: 

Refs:  l)G.W.Vinal/'Storage  Batteries/ Wiley, 
NY(1940)  2)G.W.Jones  et  al,  USBurMines 
Tech  Paper  612, pp  1— 10(1940)  & CA  34, 
8284(1940) (Danger  of  explosion  in  storage 
battery  rooms  due  to  evolution  of  hydrogen 
and  formation  of  explosive  mixtures  with  air) 

3) J. Reilly  & W.N.Rae, "Physico-Chemical 
Methods  "Van  Nostrand,NY(1943)»pp  228—36 

4) Kirk  & Oth mer  2(1 948), pp  340—60  under 
Batteries  (17  refs)  5)Perry(1950),pp  1792-3 


mw  154,1,  col  ndls,  mp  95°,  bp  227°,  d 1.0678. 
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cion;  insol  in  w and  sol  in  hot  ale;  used  in  org 
svnth  in  the  manuf  of  dvesfRef  3L  Its  nrenn 
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& props  are  discussed  in  Beil(Ref  1).  A quali- 
tative test  for  acenaphthene(by  nitrating  it  to 
5*nitroacenaphthene)  is  given  in  Ref  3 

Refs:  l)Beil  5,586/274)  * [494]  2)0^, Mor- 
gan & H.A.Harrison,  JSCI  49,413T  to  421T 
(1930)  3)Hackh(1944),5  4)C.Y.Vanag  & 
E.A.Zalukaeva,  ZhurAnalKhira  5,315  — 18 
(1950)  & CA  44,10605(1950)  5)E.D.Bergmann 
& J.Czmuszkovicz,  JACS  75,2760(1953)  & 

CA  49,5408(1955)(A  new  synthesis  of 

fs.K 

w , 

Note:  M.Berthelot,  CR  65,508(1867),  tried  to 
obtain  an  explosive  by  nitration  of  acenaph- 
thene  but  the  highest  product  of  nitration  was 
a non-explosive  dinitro  compd  which  melted 
with  decompn  at  206°.  The  same  product  was 
later  prepd  by  F. Sachs  and  G.Mosenbach, 

Ber  44,2860(1911)  and  identified  as  5,6- 
dinitronaphthene(see  below) 

Acenaphtbene,  Azido  Derivative,  Nj-CjjHb, 
mw  195-22,  N 21,53%  - not  found  in  Beil,  but 
one  isomer,  4-Triazoacenaphthene,  col  crysts, 
mp  66—8°,  is  described  by  G.T. Morgan  & H.A. 
Harrison,  JSCI  49,4i5T(ly30).  Its  expi  props 
were  not  examined 

Acenaphtbene,  Diazido  Derivative,  (Ns)2ClaH, 
not  found  in  Beil  or  CA  through  1956 


Accuracy  Life.  The  number  of  rounds  a 
particular  weapon  can  be  fired  before  wear- 
ing of  the  barrel  (tube)  would  cause  inaccu- 
racy of  firing  to  exceed  the  permitted  toler- 
ance 

Accuracy  Tests  of  Small  Arms  Ammunition 

are  described  in  Ordnance  Proof  Manual 
7— 14(1945)(13  pages) 


Acenaphthene>4-diazonium  Chloroaurate, 

C,,HbN,  CI.Au,  pale  yel  ppt  decomp  violently 
on  heating 

ffgfg*  1)3  si  I found  2)G*T»Mcr^sn  & 

H.A.Harrison  JSCI  49.415T  & 419T(1930) 


Mononitroacenaphthene , Oj  N *C12  H„  — not 
found  in  Beil,  but  two  isomers  2-  and  4- 
nitroacenaphthenes  are  described  by  G.T. 
Morgan  & H.A.Harrison,  JSCI  49,4 15T  & 
419T(I930).  Another  isomer  5-nttroacenaph- 
thene  is  described  by  T.Ishii  & Y.Yamazaki, 
Memor  Faculty  Technol,  Tokyo  MetropoIUniv, 
No  1,21-9(1951)  & CA  47,2159(1953) 
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Dinitroctcenaphtbene,  (02N)aCiaHa,  raw 
244.20,  N 11.47%.  Following  isomers  are 
described  in  the  literature: 

2.5- 'Dinitroacenapbtbenef  yel  ndls(from 

AcOH),  mp  dec  205-6°  (Ref  2,p  419T) 
2,7-Dinitrocenapbthene,  bm-yel  ndls  (from 

AcOH),  mp  155-6°  (Ref  2,p  419T) 

5.6- Dinitroacenapbtbene,  crysts,  sinter 
ca  210°  and  melt  at  220-4°(Refs  1 & 3) 

Refs : l)Beil  5,588,(277)  &[498]  2)G.T.Mor- 
gan  & H. A. Harrison,  JSCI  49,419T(1930) 
3)I.Honda  & M.Okazaki,  JSocOrgSynthChem 
(Japan)  7,25-9(1950)  & CA  47,6922(1953) 


CH2 


mi  289.20,  N 14.53%  - not  found  in  Beil  or 
CA  through  1956 

Acenaphthene  Pterate,  Cl2Hl0  + C6H,Nj07, 
mw  383.31,  N 10.96%.  Orange-red  prisms,  rap 
161-162. 5°(Ref$  1,2,3  & 5),  expl  at  418° 

(Ref  4).  Can  be  prepd  by  mixing  equimolecular 
quantities  of  acenaphthene  and  picric  acid  in 
hot  ale,  followed  by  cooling 

Refs r l)BeiI  5,(276)  2)A.Behr  & W.A.van 
Dorp, Ann  172,265(1874)  3)R.Meyer  & A. 

T anzen,Ber  46,3193(1913)  4)R.L.Datta  & 
N.R.Chatterjee,  JCS  1 15,1008(1919)  5)E.D. 
Bergmann  & J.Szmuszkovicz,  JACS  75,2760 
(1953)  & CA  49,5408(1955) 

Acerit.  Same  as  Polygalit(l,5-Anhydro-d- 
sorbitol) 

ACETAL  AND  DERIVATIVES 

Acetal  or  Aceta]dehyde-diethylacetal(Acecol, 

Ethylidene  Diethyl  Ether  or  1,1-Diethoxy- 

ediane),CHjCH(OC2 Hg  )a , mw  118.17,  OB  to 

C02  -230.2%,  OB  to  CO  -148.9%.  Col  liq 

nw  1.3819,  d 0.825  at  20°/4;  si  sol  in  w, 

D 

sol  in  eth,  miscible  with  alc(See  also  Ref  8). 
Heat  of  combstn  at  Cv  ca  929  keal/mol  or 

ca  930.5  at  Cp;  spec  heat  0.51  cal/g/°C  . 


Can  be  prepd  by  treating  acetaldehyde  with 
ethanol  in  the  presence  of  anhyd  Ca  chloride 
(Ref  2)  or  by  other  method s(Ref  1) 

Acetal  is  stable  under  neutral  or  si  alka- 
line conditions,  but  hydrolyzes  in  the  pres- 
ence of  acids  to  form  acetaldehyde 

It  has  been  used  as  a solvent  and  as  an 
intermediate  in  the  manuf  of  chemicals  used 
in  the  expl  industry  and  of  synthetic  rubber 
(Ref  4).  During  WWH,  acetal(as  well  as 
acetaldehyde)  was  used  in  Germany  as  hyper- 
gollic  fuel  in  liquid  rocket  propellants  in 
conjunction  with  red  or  white  fuming  nitric 
acid  which  served  as  an  oxidizer.  Acetal  was 
later  replaced  by  catechol(Brenzcatechin  or 
Brenzol  in  Ger)(Ref  10) 

Acetal  is  dangerous  when  exposed  to  heat 
or  flame  and  it  can  react  vigorously  with 
oxidizing  materials.  Its  toxicity,  toxicology 
and  fire  hazards  are  discussed  in  Ref  7 

Acetal  is  a poor  solvent  for  NC  but  Its  ad- 
mixture with  anhydrous  alcohol(see  Acetal 
Solvent)  greatly  increases  its  solvent  power 
(Ref  8) 

Refs:  l)Beil  1,603,(326)  & [671-2]  2)Org- 
Synth.CollVol  1(1941), 1-2  3)W.J.Huff,  US 
BurMinesReptlnvest  3669(1942)  & CA  37, 

1869—  70(1943) (The  lower  Limit  of  inflamma- 
bility of  acetal  at  atm  pressure  and  at  25° 
is  1.65%  by  vol  and  the  ignition  temp  at  0° 
is  230°  in  air  and  174°  in  oxygen)  4)UIImann 
3(1953), 13-17  5)P.Dugleux&  P.Laffitte, 

CR  221,661-3(1945)  & CA  40,3951(1946) 

(Studies  of  spontaneous  inflammation  of  mix- 
tures of  acetal  wich  air)  6)Kirk  & Oth mer  1 
(1947), 40-5  7)Sax(1957),228  8)Durrans(1957), 
116  9)Carbide  and  Carbon  Corp,  Bulletin 
"The  Physical  Properties  of  Synthetic  Organic 
Chemicals’  ' 10)Dr  Hans  Walter, Pic Arsn, 
Dover, NJ;  private  communication 

Acetal,  Analytical  Procedures  are  discussed 
in:  l)Kirk  & Othmer  9(1952), 607  2)Ullmann  3 
(1953), 17  3)Ofganic  Analysis,  Interscience, 
NY,  1(1953), 309-328 
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Acetal  Solvent  consists  of  a mixt  of  acetal 
and  abs  ale.  The  90%  mixt  has  d 0.82,  boil- 
ing range  75— 85°  and  fl  p 38°.  Acetal  solvent 
gelatinizes  NC  much  better  than  straight 
acetal  and  also  dissolves  many  resins 

Ref:  Durrans(1957),  11 6 


Expl  range  in  air  is  4.0  to  57%  of  acetalde- 
hyde(Ref  8) 

Typical  US  specifications  for  a technical 
grade  acetaldehyde  are:  color— water  white; 
acetaldehyde  (minim)  99%;  acidity  as  AcOH 
0.5%(max),  sp  gr  0.770  to  0.790  at  20° 


Acetal  Compounds  of  Pentaerythritol  are 

described  by  A.Scrabal  & S.Kalpasanow,Ber 
61B, 55-78(1928)  & CA  22, 1328(1928)  (See 
also  under  Pentaerythritol) 

ACETALDEHYDE  AND  DERIVATIVES 


Acetaldehyde  or  Aldehyde (Ethylaldehyde, 


r- ^t i : j j_  __ 

Hilly iiuciic  Jtiuc  ui 


TT  j_1 t\  t_I  ^IIA  

CUimimj,  lj\^I  1 uiw 


44.05,  OB  to  C02  - 181.6%.  Col  liq,  freez- 
ing ca  -123-5°,  bp  20.8°,  d 0.7833  at  18/4°, 
n»°  1.3316,  QP  281.9  and  QP  47.9  keal/mol 


(Ref  la).  It  is  miscible  with  w,  ale  and  ech 
(See  also  Ref  7).  Various  methods  of  prepn 
are  given  in  Refs  1,3  & 9.  In  Ref  2 is  de- 
scribed the  catalytic  production  of  acetalde- 
hyde from  acetylene  and  steam  over  activated 
carbon  and  promoted  by  phosphoric  acid. 

Yields  of  85—90%  of  theor  were  reported.  The 
reaction  of  acetaldehyde  with  sulfuric  acid 
is  exothermic  and  when  uncontrolled  proceeds 
with  almost  expl  violence.  Mixts  of  acetalde- 
hyde vapor  with  air(4  to  57%  acetaldehyde  by 
vol)  are  highly  inflammable  and  expl.  Uses 
and  applications  of  acetaldehyde  are  listed 
in  Ref  3,pp  32  & 39.  It  was  used  extensively 
during  ^WI  as  an  intermediate  for  making  acetic 
acid,  wrhich  was  transformed  to  acetone 


_ 1 \ I 


ALCta laeiiyae^as  wen  as  aeeiaiy  was  uscu 

during  WWII  in  Germany  as  a hypergolic(qvt) 
fuel  in  liquid  rocket  propellants  in  conjunc- 
tion with  oxidizers,  red  or  white  coned  nitric 
acids.  These  fuels  were  later  replaced  by 
catechol(BrenzcatechoI  or  Brenzol,  in  Ger) 
(R'ef  5).  Acetaldehyde, (together  with  formalde- 
hyde and  by uxa teu  Iirne)  has  been  used  for  the 
prepn  of  pentaerythritoi(Ref  4) 


Toxicity,  toxicology  and  fire  and  expl  haz- 
ards are  discussed  in  Refs  7 & 8.  Its  expl 
hazard  is  severe  when  exposed  to  flame. 


Acetaldehyde  shows  a great  tendency  to 
polymerize.  A few  drops  of  coned  H 
added  to  anhydrous  acetaldehyde  causes  it 
to  polymerize  to: 

Paraldehyde  or  2,4,6-Trimethyl-  1,3,5-trioxane 
(CH3CHO)j,  mw  132.16,  OB  to  C02  -181.6%. 

Col  liq  with  pleasant  odor,  fr  pca  l2.5°,  bp 

T 7A°  fl  fl  0041  at  ?n°  n3?°  1 AftAQ  fl  r,  i7° 

, ... , " U ' --  r — , 

abs  vise  at  15°  0.1359,  sp  heat  0.459  cal/g/°C 
and  heat  of  fusion  25.2  gcal/g.  Sol  in  w 
(13.3%  at  8.5°  and  5*8%  at  75°);  sol  in  eth, 
ale  & chlf(Ref  3,p  42).  It  is  used  as  a solvent 
for  cellulose  derivatives,  fats,  oils,  waxes, 
gums,  etc, as  well  as  for  many  other  purposes 
(Refs  6 & 7) 

At  a lower  temp  and  with  a smaller  quant 
of  sulfuric  acid  a solid  polymer  Metaldebyde 
is  formed.  It  is  used  as  the  solid  fuel  "Meta9 1 
(See  also  Ref  4a) 

Refs:  l)Bei!l,594,(321)&  [654]  la)J.Thomas, 
ZPhCh  52,347(1903)  2)A.Yakubovich  et  al, 
ZhurPriklKhim(  Russia)  19,973— 88(  1946)(A 
complete  English  translation, No  RJ— 64,  is 
available  from  Associated  Technical  Services, 
PO  Box  271,  East  Orange, NJ  3)Kirk  & Othmer 
1(1 947), 32-39  & 42  4)Vaiker(1953),222  4a) 
Ullmann  3(1953),  12-13  5)Dr  Hans  Valter, 
PicArsn,Dover,Nj;  private  communication 
6)CondChemDict(1956),822-3  7)Durrans(1957), 
116-17  8)Sax(1957),228  9)Faith, Keyes  & 
Clark(1957),l-7 

Additional  References  on  Acetaldehyde:  a)W.J. 
Huff,  USBurWinesReptlnvest  3669(1942)  & 

CA  37,1871(1943)(Ignition  temp  of  acetalde- 
hyde at  0°  in  air  is  165°  and  in  oxygen  159°) 
b)Saburo  Yagi,  RevPhysChemJapan  19,106—30 
(1945)  & CA  44,2346— 7(1950)(Oxidation  reac- 
tions of  acetaldehyde  and  explosion  of  AcH 
mixtures  with  oxygen  c)P.Gray  & A.D.Yoffe, 
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JCS  1950, 3 184(Inf lamination  of  acetaldehyde- 
nitrogen  dioxide  mixtures)  d)A.G. White  & 

E. Jones,  JSCI  69,2Q6-12(1950)(Limits  for 
the  propagation  of  flame  in  acetaldehyde- 
oxygen -nitrogen  mixtures)  e)J.d’Ans  et  al, 
AngChem  66,633-5(1954)  & CA  49,10832 
(195 5) (Peroxide  derivatives  of  acetaldehyde, 
prepd  by  treating  AcH  with  peroxy  acids.  All 
the  compds  are  highly  explosive)(l6  refer- 
ences) 

Acetaldehyde,  Analytical  Procedures  are 

discussed  in  the  following  references:  1) 

Beil  1,601,(326)  & [668-70]  2)H.A.Iddles 
& C.E. Jackson,  AnalChem  6,454-6(1936) 
(Precipitation  of  acetaldehyde  as  hydrazone 
using  2,4-dinitrophenylhydrazine  as  a reagent) 
3)Kirk  & Othmer  l(1947),38( Qualitative  and 
quantitative  methods  of  determining  acetalde- 
hyde) 4)Jacobs(1949), 476— 8( Qualitative  and 
quantitative  methods  of  detn^  5^Ullmanti  3 

(1953),  11 

Acetaldehyde-Nitrogen  Dioxide  Mixtures,  with 
a large  propn  of  dioxide,  expi  vigorously 
when  heated  to  35  0—400°  . The  expin  may  be 
considered  to  be  the  result  of  a chain-thermal 
process 

Ref:  P.Gray  & A.Yoffe,  JCS  1950,3184 

Acetaldehyde,  Azido  Derlvative(Azidoacetal- 
dehyde  or  Triazoacetaldehyde),  NS-CH2  «CHO, 
very  unstable  oil,  expi  mildly  on  heating.  Was 
prepd  in  impure  state  from  chloroacetaldehyde 
hydrate  and  Na  azide.  Dec  by  KOH  with  vio- 
lent evoln  of  ammonia  & nitrogen 

Refs:  l)Beil  1,627  2)M.O. Forster  & H.E. 
Fierz,  JCS  93,1870-1(1908) 

Mononitroacetaldehyde,  (OaN)  CHa*CHO,  was 
prepd  according  to  Beil  1,  [684],  in  aq  soln 
but  not  isolated 

Dinitroacetaldehyde,  (02N)2  CH-CHO  - not 
found  in  Beil  or  CA  through  1956 

Aeetaidehydepicrylhydrazone  or  Ethylidene- 
[2,4,6-trinitrophenylhydrazine],  (Oa  N),CeH2T 
NH-N:  CH  *CHS,  mw  269.18,  N 26.02%.  Bm 


lflts,  mp  119—20°;  v si  sol  in  w,  si  sol  in 
eth,  fairly  sol  in  ale  & AcOH.  Was  prepd  by 
heating  2,4,6-trinitrophenyihydrazine  with 
acetaldehyde 

Refs:  l)Beil  15,495  2)A.Purgotti, Gazz  24  J, 
575(1894)  & JCS  68  1,28(1895) 

Acetaldehyde  Superoxide,  See  Diethylidene 
Diperoxide 

ACETALDOL  AND  DERIVATIVES 

Acetaldol  or  -Hydroxybutyraldehyde  also 
called  Aldol.  CH.CHfOHVCH.CHO.  mw  88.10. 

Col  liq  when  freshly  distilled  at  reduced 
press,  bp  72°  at  12mm,  d 1.103  and  spheat 
0.737  caI/g/°C.  May  be  prepd  by  the  aldol 
condensation  reaction(qv)  of  two  acetaldehyde 
molecules  in  the  presence  of  a small  amt  of 
an  alkali.  Other  methods  of  prepn  and  props 
arp  given  In  Rs  fs  1,2,3  & 4-  Aldol  is  used 
in  solvent  mixts 

During  WWII  aldol  was  used  in  Germany 
for  the  prepn  of  1,3-butyleneglycol  (by  hydro- 
genation) which  was  either  dehydrated  to  form 
butadiene  or  nitrated  to  the  expi  1,3-butylene- 
glycol  dinitrate 

On  standing  aldol  changes  to  a viscous 
dimer  from  which  paraldol , [CH,CH(OH)CH2 CHO]2 
separates.  Wh  triclinic  cryst,  d 1.345  at  15.6/4°, 
mp  95—97°.  It  boils  in  vacuo,  under  which  con- 
dition part  of  it  is  reconverted  to  aldol.  Sol  in 
w or  ale,  si  sol  in  eth.  Unlike  paraldehyde  it 
shows  some  props  of  the  aldehydes.  Used  as  a 
raw  material  for  making  resins  for  plastics  and 
synth  coatings(Ref  4).  Acetaldol  may  be  hydro- 
genated to  form  1,3-butyleneglycol  from  which 
the  expi  1,3-butyleneglycol  dinitrate  may  be 
prepd. (See  also  Aldol  and  Aldol  Condensation) 

Refs:  l)Beil  1,824,(419)  & [868]  2)Kirk  & Othmer 
1(1947), p 41  3)Ullmann  3(1953),l69-73(under 
Aldol)  4)CondChemDict(1956),823 

Acetaldol,  Analytical  Procedures  are  briefly 
discussed  under  Aldol  in  Ullmann  '3(1953), 172 

ACETALDOXIME  AND  DERIVATIVES 
Acetaldoxime  or  Aldoxime(Acetaldehydeoxime 


of  Ethanaloxime),  CHaCH(:NOH),  mw  59.07, 

N 23.71%,  Ndls,  mp  47°,  bp  114-5°,  d 0.965 
at  20/4°,  n"°,  1.4278,  Q*,  340.6  kcal/mol, 

Qf  12.8;  sol  in  H20,  misc  with  ale,  sol  in 
eth,  acet  and  si  sol  in  gasoline.  Was  dis- 
covered in  1882  by  V. Meyer,  described  by 
Petraczek(Ref  2)  and  then  by  Franchimont 
(Ref  3).  Can  be  prepd  from  acetaldehyde, 
hydroxy  laminehydrochloride  and  Na2  COs  in 
aq  soln  or  by  other  methods.  Some  of  its  props 
were  detnd  by  Landrieu(Ref  4) 

Refs:  l)Beil  1,6O8,027)&[675]  2)J.Petraczek, 
Ber  15,2783(1882)  3 )A.  Franchimont, Rec  10, 
236(1891)  4)P.Landrieu,CR  140,867(1905) 

5) Kirk  & Othmer  5(195 3), 692( under  Oximes) 

6) Merck(1952),p  5 

Acetaldoxime,  Analytical  Porcedures  are  not 
discussed  in  Organic  Analysis, Interscience, 
vols  1—3(1953,1954  & 1956),  but  identifica- 
tion of  oximes  in  general  are  discussed  by 
R.L.Shriner  & R.C.Fuson,  "Systematic  Identi- 
fication of  Organic  Compounds’  ’ , Wiley, NY 
(1940),  167-8 

Acetaldoxime,  Azido  Derivative,  N3«CH2  * 
CH(;NOH)  — not  found  in  Beil  or  in  CA 
through  1956 

Mononitroacetaldoxime  or  Methazonic  Acid, 

(02N)  CH2  *CH(;  NOH),  mw  104.07,  N 26.92%, 
crysts,  mp  79—80°;  sol  in  w,  ale,  eth,  acet 
and  warm  benz  or  cli If.  Can  be  prepd  by  treat- 
ing nitromethane  in  aq  NaOH  or  by  other 
methods(Refs  1 & 4).  Its  ammonium  salt, 

Cj  HsN2  Os*NH4  obtained  by  the  action  of  am- 
monia on  nitromethane,  dec  on  heating  with 
evoln  of  poisonous  hydrogen  cyanide(Ref  3). 

Its  K salt  C2H,N2OjK,  yel  ppt  expl  on  heating 
with  evoln  of  It  blue  flamefRef  2)  and  its  Ag  salt, 
CjHjN2Oj  Ag,  pale  yel  ppt,  expl  ca  l0(r(Ref  3) 
Refs:  1)  Beil  1,627  2)O.Schultze,Ber  29, 
2289(1896)  3)W.R.Dunstan  & E.Goulding, 

Ber  42,  2030-1(1909) 

Nitroacetaldoxlme,  Anhydride,  C4H4N404,  mw 

172.10,  N 32.56%.  Two  isomers,  a-,  mpl68~72° 
(dec)&  j3 mp  121-2°  are  described  in  the  lit- 
erature. Ag&Na  salts  of  a-isomer  were  re- 
ported to  be  mild  expls 


Refs:  l)BeiI  2,(332)  & [684]  2)W.Stein- 

kopf,  JPraktChem  81,  228(1910)  3)H-Wiel- 
and.  Ann  444,  15(1925) 

ACETAMIDE  AND  DERIVATIVES 

Acetamide,  Amide  or  Ethanamide  (Acetic  Acid 
Amide),  CH3CO  NH2  (abbreviated  to  AcNH2 ) 
mw  59.0,  OB  to  C02  -149.2%,  OB  to  CO 
-94.91%.  Hygr  cryst  nys  81°,  bp  221.2°, 
d 1.159  20/20°,  n^®^  1.4274  and  vapor  pres 

at  105°  10.0  mm  Hg . Sol  in  w,  ale  and  other 
solvents.  Solys  of  several  subst  in  acetamide 
were  investigated  by  Stafford  (Ref  2).  Various 
methods  of  prepn  are  listed  in  Refs  1 & 4. 

The  method  from  Aram  acetate  is  described  in 
Ref  2.  When  heated  to  decompn  it  emits  highly 
toxic  fumes  of  cyanides  (Ref  6) 

Numerous  uses  of  acetamide  are  discussed 
in  Refs  4 & 5-  According  to  Ref  4,  p 47,  the 
neutral  and  amphoteric  characteristics  of 
acetanilide  make  it  valuable  as  an  anti-acid 
in  expl  compns 

Refs:  l)Beil  2,  175,(80)  & [177]  2)O.F. 

Stafford,  JACS  55,3987(1933)  3)OrgSynth, 
ColiVol  1(1941),  3-4  4)Kirk  & Othmer  1 
(1947), 45-8  4a)Giua,  Dizionario  1(1948), 

464  4b)UIlmann  6(1955),  802  5)Cond 
ChemDict(1956),5  6)Sax(1957),  229 

Acetamide,  Analytical  Procedures  are  dis- 
cussed in  Kirk  & Othmer  1(1947),  47  and  in 
Organic  Analysis,  Interscience,  3(1956), 

188  & 192 

Acetamide,  Azido  Derivative  (Azidoacetamide 
or  Triazoacetamide)  Ns . CH2  . CO  . NH2  mw 
100.08  N55.99%.  Col  ndls(from  benz),  mp  58° 
expl  on  further  heating;  easily  sol  in  ale  & w, 
diff  sol  in  benz  & petr  eth.  Can  be  prepd  by 
shaking  azidoacetic  ester  with  aq  ammonia 

Refs:  l)BeiI  2,229  2)M.O.Forster  & H.E. 

Fierz,  JCS  93,80-1(1908) 

Mononitro acetamide  02N  . CH2  . CO  NH2  , mw 
104.07,  N26.92%  crysts,  mp  102-3°  Was  prepd 
by  introducing  ammonia  into  an  ethereal  soln  . 
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of  nitroacetyl  chloride  (Ref  4).  It  forms  salts, 
some  of  which  are  expl 

Distillation  of  Amm  nitroacetamide  with 
coned  KOH  gives  a tribasic  acid,  C4H5N,06 
and  the  Amm  salt  of  this  acid  gives  with  Ag 
nitrate  a yel  solid  which  is  expl.  Another 
nitroacetamide  deriv,  C4HsN,Oj,  gives  with 
Ag  nitrate  a wh  cryst  compd,  AgC4H4N,0,  , 
which  expl  violently  on  heating 

Refs:  l)Beil  2 , 226  & (100)  2)F.Ratz, 

Monatsh  25,  71 6 & 739(1894)  3)W.Steinkopf, 
JPraktChem  81,207, Anm  210(1910)  4)W. 

Steinkopf  & M.Kiihnel,  Ber  75,1328(1942)  & 

CA  37,4687(1943) 

Dinitro acetamide,  (Oa  N)a  CH  . CO  . NHa , raw 
149.07,  N28. 19%— not  found  in  Beil  or  CA 
through  1956 

Note:  However,  this  compd  is  listed  in  ADL 
Punch  Cards  and  Reports  as  Compound  No 
351  and  also  in  the  following  confidential 
reports:  1)J.  Farago  NOrd  9951(1950) 

2)N.D.Mason,  NavOrd  1589,  NOL(1950)  3) 

J. Farago  et  al,  NavOrd  483,BuOrd(1952) 

TrinitTO acetamide,  (02N)S  . C . CO  . NHa  -not 
found  in  Beil  or  CA  through  1956 

Acetamidine  or  Ethaneamidine.  Same  asa- 
Amino-a-imino-e  thane 

Acetamido-6-amlno-uracil  or  5>Acet amino* 
6-amino-2,4'dioxy-pyrimidine,  CsH,N40lf 
treated  with  70%  perchloric  acid  gives 
diperchlorate,  CeH8N4Oa  + 2HC104I  crysts, 
decompg  at  205-7° 

Refs:  l)Beil  25,(387]  2)H.Bredereck 

et  al,  Ber  86,  853(1953) 

ACETAMIDOANISOLE  AND  DERIVATIVES 

Acetamidoanisole,  Methoxyacetanilide, 
Acetami  noontiole  or  Aeotaniside,  (Acetamino- 
methylather  or  Essigsaureanisidid,  in  Ger), 
CH,  . CO  . NH  . QH4  . O . CH,.  Three  isomers 
are  listed  in  Beil  13,371,416,461,(113,133, 
160)  & [172,243] 

Acetamidoanisole,  Azido  Derivative, 

C9H10  N4Oa  —not  found  in  Beil  or  in  CA 
through  1956 


Acetamidoanisole,  Diazido  Derivative, 
C^HjNjOj  —not  found  in  Beil  or  in  CA  through 
1956 

Mononitroacetamidoanisole,  CH,  . CO  . NH  : 
CsH,(NOa ) . 0 . CH,.  Several  isomers  are 
listed  in  Beil  13,  388,  389,  390,422,  521, 

522,  (136, 137, 186)& [192, 193,194, 195, 216, 

287] 

Dinitroacetamidoanisole,  CH, . CO  , NH  . C8 
Ha(NOa)a  .O.CH,.  Several  isomers  are 
listed  in  Beil  13,393,394,425,526,527,528, 
530,(123,137,138, 139)& [290,292] 

Trinitroacetamidoanisole  or  Trinitroacetamino- 
anisole,  C9H8N408,  raw  300.19,  N 18.67%. 
Following  isomers  are  listed  in  Beil: 

2 .3. 5 - Trinitro-4- acetamidoanisole  or  2,3,5- 
Trinitro‘4-acetaminopbenolmethyletber . 

O.CH, 

HC-C  “ C . NO. , wh  ndls 

f i 

0,N  . C— C-C  . NO. 

I 

NH  . CO  . CH, 

(called  by  Lorang  4-Methoxy  -2,3, 6-trini tro~ 
l-acetylamino-benzene),  mp  242c(from  dil 
AcOH  or  aq  alc(  (Ref  2),  mp  246ctfrom  ale) 
(Ref  3).  Was  first  prepd  by  Reverdin  (Ref  2)  « 
from  2,3,5-trinitro-4-amidoanisole  and  acetic 
anhydride  in  the  presence  of  a little  coned 
sulfuric  acid.  Lorang  (Ref  3)  prepd  it  by 
nitrating  2,3-dinitro-4-acetamidoanisole  with 
mixed  nitric- sulfuric  acids.  Its  expl  props 
were  not  examined 

Refs:  l)BeiI  13,(195)  & [294]  2)F. 

Reverdin, Ber  43,1851(1910)  3)H. Lorang, 

Rec  46,638(1927)  & CA  22,230(1928) 

2.3.6- T rinitro  - 4-acetamidoanisole  or 

2.3.6- trinitro-4-acetaminopbenol-methylether 

O.CH  j 

I 

Oa  N . C_C=C.NOa 
HC-C— C . NOa 

NH.CO. CH, 


(called  by  Meldola  & Kuntzen  Methyl  Ether 
of  2,3,5-T rinitro-4-acetylaminoanisole), 
wh  ndls(from  ale),  mp  19 4°,  Was  prepd  by 
treating  A g salt  of  2,3,6-trinitro-4-acetaraino' 
phenol  with  methyl iadide(Refs  I&2).  Its 
expl  props  were  not  examined 

Refs:  I.)Beil  13,(197)  2)R.Meldola  & 

H. Kuntzen,  JCS  97,455(1910) 

T etranitroacetamidoanisole,  C9H7Na  03  0 — 
not  found  in  Beil  or  in  CA  through  195 6 


Acetamidobenzene-  See  Acetanilide 

ACETAMID0BENZENED1AZ0NIUM 
HYDROXIDE  AND  DERIVATIVES 


1- Acetamidobenzene— 3— diazoniumbydroxide 
or  l-Acetamino-3~diazonium  hydroxide- 
benzene  (N-Acetyl-3-diazoniumhydroxide- 
aniline*  Acetanilide-3-diazoniumhydroxide), 


c4h4 


/ 

N 


NH.CO.CH, 
N,  .OH 


Known  only  in  the  form  of  salts,  some  of 

u — i : *.« 

aic  tA^i.  a'wa  uioiaiiL^,  no 

CHj.CO.NH  . CsH4  . Na  O(CrOjH)  violently 
explodes  when  pressed  by  a spatula  or  by 
the  action  of  cold  ammonia(Ref  1).  The 
-ombination  of  its  chloride  with  antimony 
chloride,  2CH,  CO  NH  . C6H4N2  Cl  + SbCls, 
melts  ca  94°  with  slight  decompn  (Ref  2) 

Refs:  l)Beil  16,[306j  2)W.H.Gray,JCS 

1926,  3180-1 


I- Acetamidobenzene- 4-diazoniumkydroxide 
or  l-Acetamino-4-diazoniumhydroxide-benzene 
(N-Acetyl-4-anilinediazonium-hydroxide  or 
Acetanilide-4-diazoniumhydroxide), 


c6h4, 


NH . CO . CH, 
Na  .OH 


Known  only  in  the  form  of  salts,  some  of 
which  are  expl.  For  instance,  its  bromide, 
mp  ca  1 16°,  explodes  when  heated  on  a 
platinum  plate;  its  chromate,  CHsCONHr 
C6H4.NaO(CrOsH),  has  mp  136°  with  mild 
expin;  its  picrate,  CHjCONH.C6H4.N2r 
[C6H2(iOHXN  02 ),],  has  mp  146.5°  with  mild 


explon  (Ref  2).  Its  perchlorate  is  also  known 
but  its  expl  props  have  not  been  investigated 
[Ref  1,  p (372}-  Its  acetate  and  chloride  are 
unstable  and  slowly  evolve  N2  at  100° 

Refs:  l)BeiI  16,603-4,(372)  & [307]  2) 

W.H.  Gray,  JCS  1926, 3 180-1 

ACETAMIDODIPHENYLETHER 
AND  DERIVATIVES 


a __i t J _ Ji_i I .il /^lj  r' r\  mu  r-  u 

HCVTQmiaoaipncnyiuincr,  v-w  . ixai  . u 

O.C6Hg  is  described  in  Beil  13,414,(161)  & 
[172,245) 


4' 


Acetamidodiphenylether,  Azido  Derivative, 

Nj.  C14Hl2N02  —not  found  in  Beil  or  CA  through 
1956 

Acetamidodiphenylether,  Diazido  Derivative, 
(Nj)zC14HltN02 -not  found  in  Beil  or  CA 
through  1956 

Mononitro  acetamidodiphenylether. 

C14H12N204.  Two  isomers  are  described  in 
Beil  13,[285,287] 

Dinitroacetamidodipkenylether,  C14HuNj06. 

One  isomer  2' ,4  -Dinitro-4-acetamido- 
diphenylether,  CHa . CO  . NH  . C6H4  . O . C6H3 
(NOj  )2  is  described  in  Beil  13,  463 

T rinitroacetamidodiphenylether,  C14Hl0N4O, 

-not  found  in  Beii  or  CA  through  1956 

TctfanifroacrtamidodiphtnyletharfC^H^N,  Oi0 , 

mw  407.25,  N 17.20%,  OB  to  C02  -88.4%, 
Following  isomer  is  listed  in  Beil: 

3,5,2' ,4  T etranitro-4-acetamidodipb enyl- 
ether  or  3.5-Dinitro-4-acetamidophenol- 
[ 2 \4'  -dinitrophenyl]- ether,  CH3 . CO  . NH  . 

C6H2  (N02  )2  . 0 . C4H,(NOa  )2 , wh  ndls(from 
glac  AcOH).  Can  be  prepd  by  warming  3,5,2  \4- 
tetranitroamidodipbeny  lether  with  acetic  an- 
hydride  and  some  coned  sulfuric  aciu.  Its 
expl  props  were  not  examined 

Refs:  l)Beil  13,530  2)F.  Reverdin  & 

A Dresel,  Ber  38,1595(1905) 

P entanitroacetamidodipheny  lether. 
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C14H8N80I2  —not  found  in  Beil  or  CA  through 
1956 

Hexanitroacetamidodipkenyletber,  C,4H7N7014- 
not  found  in  Beil  or  CA  through  1956 

ACETAMIDOFURAN  AND  DERIVATIVES 

Acetamidofuran  or  Furylacetamide,  C6H7N02 
is  described  in  Beil  17,248 

Acetamidofuran,  Azido  Derivative , Ns . C8H6N02 
—not  found  in  Beil  or  in  CA  through  1956 

Acetamidofuran,  Diazido  Derivative, 

(Nj)2  . C8HjNOj—  not  found  in  Beil  or  in  CA 
through  1956 

Mononitroacetamidofuran,  (02N)  CsHeN02  — 
not  found  in  Beil 

3,5-Dlnltro-2-acetamidofiiraii, 

0.  N . C-O-C . NH  . CO  . CH s 

I!  II 

HC C.NOj 

mw  215.12,  N 19.54%,  pale  yel  crysts,  mp 
155°,  dec  160°.  Was  prepd  by  gradually  add- 
ing acetamidofuran  carboxylic  acid  to  a 
stirred  mixt  of  AC2  0 and  nitric  acid  cooled 
to  _7°.  Its  expl  props  are  not  discussed  in 
CA 

Refs:  l)Beil— not  found  2)T. Sasaki,  Bull- 

In  stChemRe search, Kyoto  Univ33f  39*48(1955) 
(in  English)  & CA  50,14705(1956) 

ACETAMIDOGUANIDINE 
AND  DERIVATIVES 

Acetamidoguanidine , CHs.CO.NH.NH,C(: NH).- 
NH2  reported  in  Beil  3,  120  & [95]  in  the 
forms  of  its  nitrate  and  pi  crate 

Acetamidoguanidine , Azido  Derivative, 

Ns.  CjH7N40— not  found  in  Beil  or  in  CA 
through  1956 

Acetamidoguanidine,  Diazido  Derivative, 

(Nj)2  . CjH6N40— not  found  in  Beil  or  in  CA 
through  1956 


Acetamidoguanidine  Nitrate, 

CH, . CO . NH  .NH . C(: NH) . NH,  + HNO„  mw 
179.14,  N 39.09%.  Crysts(from  abs  ale),  mp 
145. 5-146. 5^Ref  2),  142-3^Ref  1).  Sol  in  w 
and  ale.  Can  be  prepd  by  heating  aminoguani- 
dine,  AcOH  and  a trace  of  nitric  acid  on  a 
water  bath  (Ref  1).  Q*  471.55  keal/mol  and  Qf 
118.04(Ref  2) 

Refs:  l)Beil  3,120  & [95l  2)M.M. Williams 

et  al,  JPhChem  61,264  & 266(1957) 

N*Acetamido>N  •nitroguanidine  or  1-Acetamido- 

3-nitroguanidine(called  in  Ref  3,  p 264,  1- 
Acetamido-2-nitroguanidine),CH, . CO  . NH . 

NH  . C(:  NH) . NHNO, , mw  161.13,  N 43.46%, 

OB  to  CO  -34.8%.  Crysts(from  w),  mp  194-5° 
(dec).  Can  be  prepd  either  from  nitroamino- 
guanidine,  AcOH  and  Ac20  or  from  acethydra- 
zide  and  methylnitrosonitroguanidine(Ref  2). 

Qc  ca  475  keal/mol  (46.3(Ref3).  May  be 
suitable  as  an  ingredient  of  propellants 

Refs:  l)Beil— not  found  2)R.A.Henry, 

JACS  72,5343*4(1950)  3 )M.M.  Williams  et  al, 
JPhChem  61,264  & 266(1957) 

1-  Acetam  i dometh  y I hex  am  i n e N Itrate, 

CjH^^,  mw  274.28,  N30.64%,  crysts,  mp 
183“4°.  One  of  the  compds  obtained  by  Bach- 
mann  et  al  in  the  course  of  investigation  of 
the  action  of  acetic  anhydride  on  h examine 
mononitrate,  under  a contract  recommended 
by  NDRC 

Ref:  W.E.Bachmann,  E.L.Jenner  & L.B.  Scott 
JACS  73,  2775-7(1951) 

ACETAMIDONAPHTHALENE 
AND  DERIVATIVES 

Acetamidonaphthalene,  Acetyl naphthy lamina, 
Acetonaphthalide,  or  Naphthyl  acetamide, 

CjjHjjNO  . Several  isomers  are  described  in 
Beil  12,  1230,  1284,(524,538)  & [684,719] 

Acetamidonaphthalene,  Azido  Derivative, 

Ns.  CiaH10NO,— not  found  in  Beil  or  CA 
through  1956 

Acetamidonaphthalene,  Diazido  Derivative 
(Ns)2  C12  HjNO— not  found  in  Beil  or  in  CA 
through  1956 
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Mononitroacetam  idon  apb  th  a ten  e, 

(OjN)Cl3Hl0NO , Several  isomers  axe  de- 
scribed in  Beil  12, 1258, 1260,1261,1313, 
1315,(530,544)  & [704,705,731,732,7331 

Dinitroacetamidonaphtbalenes, 

(02N)2  CjjHjNO.  Several  isomers  are  de- 
scribed in  Beil  12,1263,1264,1316,(532)  & [709, 
735] 

T rl  n it  ro  a c el  am  I do  nap  htha  I en  e i, 

(0jN),C1<}H4.NH.0.CH„  mw  308.21,  Nl8.18%, 
OB  to  COj  -98.6%.  Following  isomers  are 
described  in  the  literature,  but  their  expl 
props  were  not  discussed: 

2.4 . 5 - T  rinitro-  l-acetamidonapbtbalene, 
cryst,  dec  ca  275°.  Was  prepd  by  treating 

2.4.5- trinitro-l-aminonaphthalene  with  acetic 
anhydride  8t  coned  sulfuric  acid 

Refs:  l)Beil  12,  [709]  2)W.H.Talen,  Rec 

47,356(1928) 

2t 4, S-T rinitro - 1 ■ acetamidonapbtbalene,  creamy 
plates,  mp  207°.  Was  prepd  by  treating  2,4,6- 
trinitro-l-aminonaphthalene  with  acetic  an- 
hydride & coned  sulfuric  acid 

Refs:  l)Beil— not  found  2)E.R.Ward  & L. 

A. Day,  JCS  1951,  785  & CA  45,9014(1951) 

1. 6. 8- T rinitro- 2- acetamidonapbtbalene, 

yel  crysts,  mp  239"40°.  Was  prepd  by  treating 

1.6.8- trinitro-2-aminonaphthalene  with  acetic 
anhydride  & coned  sulfuric  acid 

Refs:  l)Beil  12,[739l  2)E.J.van  der  Kam, 

Rec  45,729(1926) 

Tetranitro *,  Pentanitro - and  Hexanitro- 
acetamidonaphthalenes—aie  not  found  in  Beil 
or  in  CA  through  1956 

ACETAMIDOPHENETOLE 
AND  DERIVATIVES 

Acetamidophenetole,  Ethoxy  acetanilide  or 
A cat  am  I noph  eno  I eth  y 1 eth  or, 

CH, . CO  . NH  . C6H4 . O . C2  Hs . All  isomers 
are  listed  in  Beil  13,371,416,461,(113,133, 

160)  & [172,2443 


Acetamidophenetole , Azido  Derivative, 

Nj . Ci0H12NOj  — not  found  in  Beil  or  in  CA 
through  1956 

Acetamidophenetole,  Diazido  Derivative, 

(Ns)a  CjqHjiNOj  -not  found  in  Beil  or  in  CA 
through  1956 

Mononitroacetamidopbenetole,  CH,.  CO  . NH; 
CjH,(NOa ) . O . C2  Hs  . All  isomers  are  listed 
in  Beil  13,388,389,391,522,(136,137)  & 
[193,194,285,287] 

Dinitroacetamidophenetole,  CHS . CO  . NH; 
C6Ha(N02)2  .O.CjHg.  Several  isomers  are 
listed  in  Beil  13,394,526,(139,193)  & [290, 
292] 

Trinitroacetamidophenetole,  CHS . CO  .NH; 
CgH(N02  )s . 0 . C2 Hg  mw  314.21,  N 17.83%. 
Following  isomer  is  listed  in  Beil: 

2,3,5’Prinitro-4‘acetamidopbenetole  or  2,3,5’ 
Tnnitro-4-acetaminophenoletbylether  (called 
by  Lorang  4-Ptboxy-2,3l6-trimtroacetanilide), 
crysts  (from  ale),  mp  ca  260°  (dec);  sol  in 
acet  & AcOH,  diff  sol  in  hot  ale  or  benz.  Can 
be  prepd  by  nitrating  2,3-dinitro-4-acetaraino- 
phenetole  with  mixed  nitric-sulfuric  acid  at 
RT.  Its  expl  props  were  not  examined 

Refs:  l)Beil  13,(196)  & [295]  2)H. Lorang, 

Rec  46,  644(1927) 

T etranitroacetamidopbenetole,  Cl0  HjNs  Ol0  — 
not  found  in  Beil  or  in  CA  through  1956 

ACET  AMI  DO  PHENOL 
AND  DERIVATIVES 

Acetamidopbenol  or  Acetaminopbenol 
CH,.C0.HN.CsH4.0H,  mw  151.16,  N9.27%. 
All  existing  isomers  are  described  in  Beil 
13,  370,415,460,(113,132,159)  & [171,213, 

243] 

Acetamidopbenol,  Azido  Derivative, 

Ns . CgHgNOj—  not  found  in  Beil  or  CA 
through  1956 

Acetamidopbenol,  Diazido  Derivative , 


A21 


(Nj)2C,H,N02-not  found  in  Beil  or  CA 
through  1956 

3-Azido-2,6-dinitro-4-acetamidophenol  (called 
in  Ref  2 2,5-Dinitro-4-acetylamino-3-triazo- 
phenol)  CHj . CO. NH . C6H(N1)(NOJ)2 . OH, 
mw  282.18,  N29. 79%.  Ocher-colored  ndls  or 
golden  yet  scales  (from  ale),  mp  167-8°. 

Can  be  prepd  by  treating  2, 3, 6- tritro- ace tami do- 
phenol  with  Na  azide  in  warm  w.  Its  expl  props 
were  not  examined 


3)R.  Meldola  & H.Kuntzen,  JCS  97,449*51 
(1910)  4)F.Reverdin  & R.Meldola,  JPr 
Chem  88,797(1913)  & JCS  103,1492(1913) 

5 )A. Girard, BullFr  [4l  35,776(1924)  & JCS 
126i,  959(1924) 

3.5.6-Trinitro-2-acetamidophenol,  2-Aceta  mi  do- 
3,5,  6-trinitrophenol  or  2- Hydroxy-3, 4, 6- tri- 
nitroacetanilide,  It  yel  leaflets  mp  151°.  Was 
prepd  by  adding  2-acetamido-5-nitrophenol 
to  nitric  acid 


Refs:  l)Beil  13,(198)  2)R.Meldola  & 

H.Kuntzen,  JCS  99,43(1911) 

Motion  itroacetamidop he  not,  CaHeN204,  mw 

196. 16,  N 14.28%.  All  possible  isomers  are 
described  in  Beil  13,  422-3,  520-1,  (136-7) 

& [191,193-4,285,287] 

Dinitroacetamidophenol, CtHjN306)  mw  241.16, 
N17.43%.  All  possible  isomers  are  listed  in 
Beil  13,  396,425,528,530,(193-4)  & [197,216, 
290,292] 

T rinitroacetamidophenol,  C,H«N40j,  mw 

286.16,  N19-58%.  The  following  isomers  are 
described  in  the  literature: 

2,3,5~TTinitro‘4-acetamidophenol,  CHjCO 
NH.  QHCNOj), . OH,  It  brn  scales  (from  AcOH), 
mp  19 1- 2^dec),  easily  sol  in  ale  & AcOH.  Can 
be  prepd  by  treating  3,5*  dinitro- 4-  acet  ami  do- 
phenol  with  fuming  nitric  acid  atO°or  by  other 
methods.  Its  explosive  props  were  not  examined 
Refs:  l)Beil  13,(195)  2)F.  Reverdin  & 

R.  Meldola,, JPrChem  88,  798(1913)  & JCS 
102.  1493(1913) 

2,3,6-Trinitro-4-acetamidophenol,  CHjCO : 

HN  . QH(N02),  . OH,  yel  ndls  (from  AcOH), 
mp-178-9°(dec);  sol  in  AcOH  and  hot  ale; 
diff  sol  in  hot  w.  Can  be  prepd  by  treating 
3-nitro-4-acetamidophenol  with  fuming  nitric 
acid  (Ref  2)  or  by  other  methods  (Ref  1,4  &5). 
Forms  numerous  salts  of  which  the  cobalt, 
nickel,  and  silver  salts  are  mild  explosives 
(Ref  3) 

Refs:  I)  Beil  13,  533,(197)  & [2963  2) 

R.  Meldola  & J.G.Hay,  JCS  95  1380(1909) 


Refs:  l)Beil — not  found  2)G.  Heller  et  al, 

JPraktChem  129,242(1931)  & CA  25,2129 
(193D 

Tetranitroacetamidophenol,  CjHsNsOi0,  mw 

331.16,  N 21.15%-not  found  in  Beil  or  CA 
through  1956 


AC  ETAMIDOTETR  AZOLE 
AND  DERIVATIVES 


5-Acetamido-IH-tetrazole,  called  by  Thiele  & 
Ingle  Acetyl-[5-amino-tetrazol]  and  in  Beil 


Tetrazolon-(5)-anil  CH3 . CO . NH . C — NH-N 

II  II 

N N 

or  CHj . CO  . N:C— NH— N 

I II 


HN N , mw  127.11,  N55. 10%. 

Wh  leaflets  (from  w or  ale)  or  prisms(from 
acetanhydride),  mp  269°(dec)(Refs  1,2  & 3), 
mp  271c(Ref  4);  easily  sol  in  ale,  acetanhy- 
dride & hot  w,  nearly  insoi  in  ether.  Can  be 
prepd  by  hearing  5-aminotetrazole  with  an 
excess  of  acetanhydride  or  acetylchloride. 

Its  X-ray  diffraction  pattern  is  given  in 
Ref  5 


Refs:  l)Beil  26,  405  & [2431  2)J. Thiele 

& H. Ingle,  Ann  287,  234(1895)  3)R.Stolle, 
Ber  62,1121(1929)  4)L.Birkofer,  Ber  76, 
773(1943)  & CA  38,970(1944)  5)L.A.Burk- 
hardt  & D.  W.  Moore,  AnalChem  24,1583(1952) 
& CA  47,2010(1953) 

Acetamidotetrazole,  Azido  Derivatives— not 
found  in  Beil  or  CA  through  1956 
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Acetamidotetrazole,  Nit  to-  and  Dinitro- 
Derivatives— not  found  in  Beil  or  CA  through 
1956 

ACETAMIDOTOLUENE 
AND  DERIVATIVES 

Acetamidotoluene,  Methylacetanilide  or 
Acetoluidide,  CjHnNO.  The  three  isomers 
are  described  in  Beil  12,  792,860,920,(379, 
400,420),  [439,468,501] 

Acetamidotoluene,  Azido  Derivative, 

N3 . CgH,0NO— not  found  in  Beil  or  in  CA 
through  1956 

Acetamidotoluene , Diazido  Derivative, 
(NJ)aC9HsNO— not  found  in  Beil  or  in  CA 
through  1956 

4-  Acetamidotoluene— 4— diazonium  hydroxide  or 
4- Ac  etamido-2-diazoniumhydroxide- toluene 

(N-Acety  1-4- methyl- 3-diazonium-hydroxide- 
aniline  or  2-Methyl-5-acetamino-benzenedia- 
zoni  umhydroxid  e ), 


2 ,4, 6-Trinitro-  ^acetamidotoluene, 

(02n)3  . c6h  " CHs 

v NH.CO.CHj,  microscopic 
ndlsffrom  ale),  mp  249°  (dec).  Was  prepd  by 
warming  2,4,6-trinitro*3-amidotoluene  with 
acetic  anhydride  and  some  coned  sulfuric 
acid.  Its  expl  props  were  not  discussed 

Re/s:  l)Beil  12,  [482]  2)].W.Cook  & 

O.L. Brady,  JCS  117,  752(1920) 

Tetranitroacetamidotoluene,  CjHjNj  0Q  — 
was  not  found  in  Beil  or  in  CA  through  1956 

ACETAM1 D0TR1AZ0LE 
AND  DERIVATIVES 

4- Acetamido-asym-triazole , called  by  H & S 
' 1 Acetyl-hydrotetrazin,  ” HC=N — N 

j |j  , mw 

CH3 . CO . NH  . N CH 


/ NHCOCHj 

CH,C5H3 

x n2oh 


Known  only  in  the 


form  of  its  salts  some  of  which  are  stable 
and  a few  expl.  For  instance,  the  bromide, 


CH, . CO  . NH . C6H,(CHj)  . N2 . Br,  prepd  by 
Wallach  from  2-amino-4-acetaminotoluene 
(Ref  3)  and  designated  by  him  as  "acetpara* 
toluidine-o-diazobromide”  (Refs  1 & 2),  is 
a yel  solid  which  explodes  on  rapid  heating. 
The  chloride,  designated  as  "acetparatolu- 
idine-o-diazochloride”  and  prepd  from  4- 
acetaminotoluene-2-diazopiperidide  (Ref  4), 
also  explodes  on  heating 


Re/s:  l)Beil  16,608  2)0. Wallach, Ann 

235,249(18 86)  3)BeiI  13,  133,(41)  & [62] 

4)Beil  20,91 


Mononitroacetamidololuene,  QH10N2O3.  Sev- 
eral isomers  are  described  in  Beil  12,  843, 
845,847,849,876,877,998,1002,(392,393,394, 
408,440)  & [458,459,460,476,477,534,536] 


Dinitroacetamidotoluene , CgHjNjOj . Several 
isomers  are  described  in  Beil  12,  851,1010, 
(396,409,442)  & [462,463,479,480,481,482, 
538] 


Trinitroacetamidotoluene,  C9HBN4  07,  mw 

284.19,  N19.72%,  OB  to  C02  -80.9%.  One 
isomer  is  listed  in  Beil 


126.12,  N 44.43%,  apparently  cryst  cornpd, 
very  sol  in  w & ale  and  insol  in  eth,  iigroin 
& chlf.  Was  prepd  by  heating  4-amino-asym- 
triazole  with  acetyl  chloride 


Re/s:  l)Beil  26,19  2)A.Hantzsch  & O. 

Silberrad,  Ber  33,84(1900) 


l-Acetamido-asym-friazole,  called  in  CA 
lt2 , 4— Triazole— 1— acetamide, 

HC-N(CH2-C0-NH2)-N,  shiny  plates,  mp  185- 


N 


N 


6°.  Was  obtained  from  ethyl- 1,2, 4-triazole-l- 
acetate  in  methanol  satd  with  ammonia  at  RT 
Refs:  l)Beil-not  found  2 )C.  Ainsworth  & 

R. Jones,  JACS  77,  622(1955)  & CA  50,1785 
(1956) 


Acetamidotriazole,  Azido -Derivative— not 
found  in  Beil  or  CA  through  1956 


Acetamidotriazole,  Nitro-  and  D ini tro- Deriva- 
tives— not  found  in  Beil  or  CA  through  1956 


ACETANILIDE  AND  DERIVATIVES 

Acetanilide,  Ac  etomi  do  benzene  or  Acetyl- 
aniline  (N-Phenylacetamide,  Antifebrin  or 
Acetanil),C6Hj  . NH  . CO  . CHj,  mw  135.16, 
OB  to  COj— 231%,  OB  to  CO  -136.1%.  Col 
crysts,  mp  114.2°,  bp  303.8°,  d 1.21  at 
4/4°,  Qc  1014.4  kcal/mol,  heat  of 
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vaporization  at  154°  136  cal /g,  mean  heat 
capacity  (from  0°  to  99.6°)  0.339  cal/g°C, 
sol  in  w,  ale  & eth.  Can  be  prepd  by  heating 
aniline  with  AcOH  or  by  other  methods.  A 
lab  prepn  from  aniline  and  (CH5C0)20  is  de- 
scribed in  Ref  2.  Its  fire  hazard  is  small 


_.i — i a 

Klf  ilCil  1.U  IlUlll^yiVVL  V/ 

Various  uses  of  acetanilide,  among  them  as 
a stabilizer  for  hydrogen  peroxide  and  for 
cellulose,  are  listed  in  Refs  4 & 5.  Accord- 
ing to  Ref  4,  p 52,  a considerable  quantity 
of  acetanilide  was  used  during  WWU  for  the 
manuf  of  acetylsulfonyl  chloride 


Note:  According  to  one  of  the  Hercules  Co 
Laboratory  manuals, acetanilide  was  used 
as  one  of  the  ingredients  of  smokeless  pro- 
pe  Hants.  Some  nitrated  acetanilide  deriva- 
tives are  explosive 

Refs : l)Beil  12,237,(190)  & [137]  2) 

OrdSynth,  CollVol  1(1941), 332  3)H.E.Fierz- 
David  & L.Blangey/'Grundlegende  Operationen 

1 -I—  t I » . MW)'  . 1»1C  LT  * _ i_  o_ 

aer  r aroencnemie, ” itu*  <x 

Othmer  1(194 7), 48-52  4a)Ullmann  3,  (1953), 

653*4(under  Aniline)  5)Cond  Chem  Diet 
(1956),  6 6)Sax(1957),  229  7)Faith, Keyes 

& Clark(1957),8- 10 

Acetanilide,  Analytical  Procedures  are  dis- 
cussed in  RefsJ  l)Kirk  & Othmer  1(1947). 

52  and  2)Organic  Analysis,  Interscience, 
NY,  2(1954),  44,133,142,162,  & 2(1956), 186, 
188,190 

Acetanilide,  Azido  Derivatives,  C,H,N40, 
mw  176.18,  N 31*80%.  Following  isomers 
are  described  in  the  literature: 

Azidoacetanilide  or  Triazoacetanilide, 

C6Hj  .NH.CO.CHj.Nj;  ndls,  mp  83-83-5°. 

Was  prepd  by  treating  aniline  with  azido- 
acetamide 

Refs:  l)Beil  12,  245  2)M.O.Forster 

& R. Muller,  JCS  95,201(1909) 

4- Azidoacetanilide , Acet-[4-azido]-anilide 
or  Acetyl-p-aminotriazobenzene,  N3.C6H4r 
NH.CO.CHj  crysts,  mp  122.5-124°.  Was 
prepd  by  treating  p-acetamido-benzenedia- 


zoniumperbromide  with  ammonia 

Refs:  l)BeiI  12,772  2)H.  Rupe  & K.von 

Majewski,  Ber  33,3406(1900)  3)0,Silberrad 
& B.J. Smart,  JCS  89,170(1906) 

Acetanilide,  Diazido  Derivative,  Ns.C6H4t 
NH  . CO  . CH2  . Nj— not  found  in  Beil  or  CA 
through  1956 


Mo nonitro acetanilides  (MNAA),  C8H8N203. 

All  isomers  are  described  in  Beil  12,245,691, 
703,719,(193,342,347,351)  & [371,380,389]. 


A new  method  of  prepn  of  p-MNAA  is  given 

TICD  1 Ar\&  SVQiM CMO\  u..  c u r> ri  il 

vu,/  j uy  *t  ■ . 


153(1947) 


Note:  nitration  of  acetanilide  has  been  dis- 
cussed in  the  following  refs: 


1)A.P. Terent’ev  & B.M. Kedrov,  SciRepts- 
MoscowUniv  1936,  No  6,213-14  & CA  32, 


1 r 1/  1 At 


in/> 


±jiy\iyDO)  -^rurvic^ormacK,  lv§  0330 

(1937)  3)P-P-Shorygin  et  al,  ZhObshKhim 
8.  981-5fl938^  & CA  33-^78inQ30YNirr{if inn 


of  acetanilide  with  an  excess  of  liq  nitrogen 
dioxide) 


Nitronitrosoacetanilides,  C4H7N304.  Several 
isomers  were  prepd  by  H.  France  et  al.JCS 
1940,370  & CA  34,3700(1940) 


D ntii  14 da  -c  f P)  \J  A ) r I-)  \1  H mnr 

— ~ ‘ * '"‘/f 

225.16,  N 18.66%.  Several  isomers  are  listed 
in  Beil  12,447,754,758,759,(362)  3i  [405,410, 
414] 


10B,140-4(1951)  &.  CA  47,3257(1953)  discuss 


the  prepn  of  3-4-DNAA,  mp  145-6°  and  of  2,3- 
DNAA,  mp  186-7° 


2,4-DinitrO‘N-nitrosoacetanilide,  (02N)2~ 
C6H3.N(NO).CO.CH3,  mw  254.16,  N 22.05%, 
oil,  prepd  by  treating  2,4-dinitroacetanilide 
with  nitrosyl  chloride  in  the  presence  of  K 
acetate.  Its  expl  props  were  not  investigated 

Refs:  l)Beil— not  found  2)H. France  et  al, 

JCS  1940,3  70-1  & CA  34,3700(1940) 

Dinitro- N-nitroace  tanilide,  (02N)2C6H3.  N(N02)r 
CO.CHj,  mw  270.16  N 20.74%  -not  found 
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in  Beil  or  in  CA  through  1956 

Trinitroacetanil ides,  CsH6N407,  mw  270.16, 
N20.74,  OB  to  CO,  -71.1%,  OB  to  CO  -23.7%. 
Following  isomers  are  described  in  the 
literature: 

2,3,5’Trinitroacetcmilide  or  N-Acetyl-2, 3,5" 
trinitro aniline  and  3,4,3mTrinitroacetanilide 
or  N- Acetyl-3, 4, 3 -Trinitro aniline,  (02N)3 
C6H2  . NH  . CO  . CHj,  were  prepd  by  acetyl- 
ation of  corresponding  trinitroanilines(TNA’ s) 

Refs:  l)Beil— not  found  2)E.Maciotta, 

AnnChimAppl(Rome)  36,2 12(  1946)  ft  CA41, 
4115(1947) 

2.4.6- Trini*roocetan»lide  or  N-Acetyl-2,4,6- 
Trinitroaniline,  solid,  mp  235°  (with  decompn). 
Was  prepd  by  treating  2,4,6-trinitroaniline 
with  acetic  acid  and  a little  coned  sulfuric 
acid.  Its  expl  props  are  not  mentioned  in 
Refs  1,2  & 3-  For  absorption  spectra  see  Ref  4 

Refs:  l)Beil  12,767  & [4233  2)O.N.Witt 

& E. Witte,  Ber  41,3092(1908)  3)W.Borsche, 
Ber  56,  1940(1923)  4)K.Masaki,  BullChem- 
Soc  Japan  7,  352(  19 32)  & CA  27, 90 4(  19  33) 

Trinitro-N-nitrosoacetanilide,  (OaN)sC6Ha.  _ 
N(NO) . CO  . CHs-not  found  in  Beil  or  in 
CA  through  1956 

Trinitro-N-nitroacetanilide,  (02  N)sC6Ha.- 
N(NOj ) . CO . CHj— not  found  in  Beil  or  CA 
through  1956 

2,3,4,6'Tetranitroaeetanilide  or  N-Acetyl- 

2.3.4.6- tetranitro-anlllne,  (0aN)4CaH  .NH . 

CO  . CHS,  mw  315.16,  N 22.22%,  OB  to  COa 
-48.2%,  OB  to  CO  -7.6%.  Yel  ndls(from 
benz  +AcOH),  mp  169*70°  (with  decompn). 

Was  prepd  by  heating  2,3,4,6-tetranitroanil- 
ine  with  acetic  anhydride  and  a little  coned 
sulfuric  acid.  TeNAA  is  an  expl  and  was 
proposed  by  Fliirscheim(Ref  2)  as  an  in- 
gredient of  expl  compns.  It  is  rather  unstable, 
even  at  low  temp  and  sensitive  to  shock 
(Ref  3) 

Refs:  I)Beil  12,(372)  & [428]  2)B.J. 

Fliirscheim  ChemZtr  1912,  I,  184  3)C.F. 


vanDuin  & B.C.R.vanLennep,Rec  39,149 
(1920)  & CA  14,2708(1920)  4)B.J.Fiurscheim 
& E.L. Holmes,  JCS  1928,3046 

T etranitro-N-nitrosoacetanilide,(02  N)4CaH  r 
N(NO).CO.CH}1  mw  344.16,  N24.42%-not 
found  in  Beil  or  in  CA  through  1956 

2,3,4,6-Tetranitro-N-mtroacetanilide  or  N,2, 
3,4,6'Pontanitroacetanilido,  (Oa N)4CSH  . N 
(NOa  ).  CO . CHS,  mw  360.16,  N23.34%.  Yel 
solid,  unstable;  decomp  slowly  in  air  and 
in  boiling  w.  Was  prepd  by  treating  2, 3,4, 6- 
tetranitrophenylnitramine  with  acetyl  chloride 

Refs:  l)Beil— not  found  2)E.Macciocta  & 

Z.Orani,  Gazz  60,  408(1930)  & CA  24,  4280 
(1930) 

Acetaniside.  Same  as  Acetamidoanisole 

Acetates.  See  under  Acetic  Acid  and  Deriva- 
tives 

Acetatopentamminecobalt(llI)nifrate, 

[COiNHjJjCjHjOj]  (NOj)a , crysts.  Its  lab 
method  of  prepn  from  carbon  atopentaramineco- 
balt(III)nitrate  is  described  in  Inorg  Synth 
4(1953),  175-6 

Acetoto-plumbo  Complexes.  See  Diacerato- 
plumbo  Complexes 

Acetozidine,  Azidine  or  Acethydrazidine. 

Beil  2,  p 4 gives  its  formula  as: 

HN : N 

^C.CHj,  but  its  prepn  is  not  given 
HaN.N^ 

According  to  Beil  16,  pp  4*5,  the  hypothetical 
radicaljHNrN^ 

is  called  formazyl  and  the 

HaN.N 

HN  :N 

hypothetical  compound,  is  called 

HjN.lv 

formazan  or  formazylhydride  (Formazyl- 
wasserstoff).  This  means  that  acetazidine 
may  be  called  C-methylformazan. 

Acethydrazidine  or  Azetazidine.  SeeFormazans 
and  Formazyls 
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ACETIC  ACID  AND 
DERIVATIVES 

Acetic  Acid  (Ethanoic  or  Acetonecarboxylic 
AcidXAcOHXEssigsaure,,  in  Ger),  CH,COOH, 
mw  60.05,  OB  to  CO,  -106.6%.  Col  liq,  mp 
16.7°,  bp  118.1°,  d 1.049  at  2074°,  flp  104° E, 
Q§  208.5  kcal/mol(Ref  4).  Miscible  with  w, 
ale  & eth;  insol  in  CS2 . It  is  found  in  the 
products  of  distn  of  wood  and  for  this  reason 
is  called  "pyroligneous  acid  M-  Can  be  prepd 
by  the  oxidation  of  acetaldehyde,  by  the 
action  of  CO  on  methanol  or  by  other  methods 
(Refs  1,5,7  & 8).  Dangerous  at  high  temps 
in  contact  with  oxidizing  agents,  such  as 
nitric  or  chromic  acids.  Its  vapors  can  pro- 
duce in  air  a moderately  severe  expln  above 
1 12°F(44.4°XRef  3a)*  Toxicology  and  fire 
& expl  hazards  of  aCetic  acid  are  discussed 
in  Ref  9.  Freezing  points  of  mixts  AcOH/ 

Hj  0 and  AcOH/AcaO  are  given  in  Refs  2 & 

3.  More  information  on  chemical  and  physical 
props  of  AcOH  is  given  io  Refs  5 & 7 

Various  uses  of  acetic  acid  are  discussed 
in  Refs  5 & 7.  Its  principal  use  in  explosives 
industry  is  the  manuf  of  cycIonite(RDX)  by 
the  Bachmann  process.  It  can  also  be  used 
for  the  prepn  of  high-nitrogen(ca  14%N)  nitro- 
cellulose. US  specification  JAN-A-465, 
covers  the  requirements  for  acetic  acid  used 
in  Ordnance  (see  Acetic  Acid,  Analytical 
Procedures) 

Recovery  of  acetic  acid  used  in  the  pro- 
duction of  cyclonite  and  of  other  nitramines 
is  discussed  in  Ref  6 

Refs:  l)Beil  2,96(39)  & [91]  2)Land- 

Bornst,HW  II,1443i  Efg  *>749  Sc  Erg  II,TeilII, 
1472  3a)A.L.Brown,CA  22,166(1928)  3) 

ICT  4,108  4)E.Sch janberg,ZPhysChem 
172A,228(1935)  & CA  29,3589(  1935)  5) 

Kirk  & Othmer  1(1947), 56-74  6)HACS1R, 

BritP  626,926(1949)  & CA  44,3258(1950) 
7)Ullmann  6(1955), 778-90  8)Faith, Keyes 
& Clark(  1957),  11-20  9)Sax(1957),230 


10,223-6(1940)  & CA  34,7285(1940)  (Nitra- 
tion of  toluene  in  die  presence  of  acetic  acid 
and  nitrobenzene)  b)J.Chedin  & S.Fene'ant, 
MSCE  32,92-100(1945)(Molecutar  composition 
of  HNOj— AcOH  mixtures;  studies  by  Raman 
spectroscopy)  c)J.Ch6din  et  al,  MSCE  34, 
289-90(1 948)(Mixtures  of  HNOs,  AcOH,  H2  0 
and  metallic  nitrates)  d)M.Kirsch  & C.A. 
Winkler,  CanJRes  28B,  715-19(1950XNitrolysis 
of  hexamine  in  acetic  acid)  e)E.D. Hughes 
et  al,  JCS  1950,2406*09(Mechanism  of  aro- 
matic nitrations  in  the  presence  of  AcOH) 
f )S.  F £ne ant-Ey mard , MSCE  37,297-346(1952) 
(Physico-chemical  studies  of  AcOH)  g) 

A.V. Titov, ZhObshKhim  24,  77-9(in  Engl)  & 
78-81(in  RusX1954);  CA  49,7338(  1955)(For- 
mation  of  slightly  stable  compd  CHsCOOH  . HNOs) 

Acetic  Acid,  Analytical  Procedures.  Acetic 
acid  intended  for  use  in  the  manuf  of  expls 
must  comply  with  the  following  chemical  and 
physical  requirements  of  Purchase  Descrip- 
tion PA-PD-572  (superseding  Spec  JAN-A- 
465): 


a)  Acetic  Acid  Content—  minim  99.8%,  as 
detd  by  immersing  a glass-stoppered  weighing 
bottle  contg  5 ±0.0002  g sample  in  250  ml  w 
(previously  neutralized  to  phenol-phthalein 
by  adding  few  drops  of  0.1N  NaOH  soln)  and 
titrating  to  a pink  end  point  with  0. IN  NaOH 

6.005  x V x N 


%AcOH 


W 


where  V =vol  of  NaOH  used  in  titrating  sample, 
N =■  normality  of  NaOH  soln  and  W = grams 
of  sample 


b)Acetic  Anhydride  Content— max  0.03%,  as 
detnd  by  treating  a 10  ml  sample  (measured 
by  a pipette),  dissolved  in  50  ml  w (contained 
in  a 250  ml  iodine  flask  with  10.00  ml  of  an 
approx  1.25%  Na  bisulfite  soln) and  titrating 
(after  allowing  the  mixt  to  stand  for  15  mins) 
the  excess  of  bisulfite  with  0.1N  std  iodine 
soln,  using  starch  as  an  indicator 


Additional  References  on  Acetic  Acid : %Ac}0  in  AcOH  = (A  B)  x N x 0.220, 

a)M.Usanovich  & S.Abidov,  ZhurObshKhim  where  A — ml  of  iodine  soln  used  to  titrate 
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10.00  ml  of  Na  bisulfite  so  In  treated  as 
above  but  without  the  sample  (blank);  3 = 
ml  of  iodine  so  In  used  for  bisulfite  soln 
contg  sample  and  N=  normality  of  iodine 
soln 

c)  Formic  Acid  Content— max  0.15%,  as  detnd 
by  treating  a 10  ml  sample  (measured  by  a 
pipette),  dissolved  in  100  ml  w (contained  in 
a 250  ml  iodine  flask)  with  10  ml  of  20%  Na 
acetate  soln  and  25.00  ml  of  0.01  N Na  hy- 
pobromiee  soln.  After  allowing  the  mixt  to 
stand  15  mins  at  RT  and  adding  5 ml  of  25%  KI 
soln  & 10  ml  of  coned  HCl,  the  liberated 
iodine  shall  be  titrated  with  0.  IN  std  Na 
thiosulfate  soln 

%H  COOH  in  AcOH  = (A  - B)  x Nx  0.230, 

where  A =.  ml  of  Na  thiosulfate  soln  used 
to  titrate  25  ml  of  Na  hypobromite  soln 
treated  as  above  but  without  using  the 
sample  (blank);  B =ml  of  thiosulfate  soln 
used  to  titrate  the  mixt  contg  the  sample 
and  N-normality  of  iodine  soln 

d) Freezing  Point— mi n 16. 2°,  as  detd  by 
means  of  0°  to  50°  mercury  thermometer 
graduated  to  0.1°  and  standardized  against 
one  having  the  Bureau  of  Standards  calibra- 
tion. The  test  is  conducted  in  100  ml  cylinder 
immersed  in  an  ice-water  bath.  After  super- 
cooling the  sample  to  ca  1°  below  the  as- 
sumed fr  p,  the  cylinder  is  removed  from 

ice  water  and  its  inner  side  scratched  and 
the  contents  stirred  by  means  of  the  ther- 
mometer until  the  supercooled  liquid  partly 
solidifies.  Then  the  outside  of  the  cylinder 
is  wiped  dry  and  the  thermometer  watched 
very  closely.  The  temp  rises  quickly  and 
then  remains  constant  for  about  30  secs. 

This  temp  is  taken  as  the  fr  p of  sample 

d )Lead  Content— max  10  ppm,  as  detd  by 
evaporating  a 5 ml  sample  on  a steam  bath, 
dissolving  the  residue  in  2 ml  of  0.1N  HCl 
soln,  transferring  the  soln  quantitatively  (by 
rinsing  with  w)  into  a 25  ml  Nessler  tube 
and  filling  the  tube  to  the  mark  with  w.  A 
second  Nessler  tube  shall  be  filled  to  25  ml 


mark  with  the  standard  soln  (which  was  pre- 
viously prepd  by  dissolving  3.2  mg  of  lead 
nitrate  and  5 ml  of  pure  AcOH  in  11  of  w)  and 
10  ml  of  satd  hydrogen  sulfide  water  added 
to  the  contents  of  each  Nessler  tube.  After 
allowing  the  tubes  to  stand  for  10  mins,  the 
color  in  the  1st  tube  shall  not  be  darker  than 
that  in  the  2nd  tube 

f ) lron  Content— max  10  ppm,  as  detd  in  the 
manner  described  for  lead  detn,  except  that 
soln  of  the  residue  in  2 ml  of  0.  IN  HCl  soln 
shall  be  made  alkaline  by  Amm  hydroxide 
soln  before  pouring  it  into  the  1st  Nessler 
tube  and  that  the  standard  soln  for  the  2nd 
Nessler  tube  shall  be  prepd  by  dissolving 
0.43g  of  Fe(NH4)(S04)2  . 12H2  0 and  5 ml  of 
AcOH  in  1 1 of  w.  Same  reagent,  hydrogen 
sulfide  water,  as  above  is  used  in  both  tubes 

g) Cklorides  Content— max  0.001%,  as  detd 
by  comparing  the  turbidity  produced  on  mix- 
ing in  a 50  ml  Nessler  tube  a 10  ml  sample, 

35  ml  w,  3 ml  coned  nitric  acid  and  1 ml  of 
0. IN  silver  nitrate  soln  with  that  produced 

by  10  ml  of  standard  soln(prepd  by  dissolving 
15  mg  of  NaCl  in  1 1 w)  with  35  ml  3 ml 
coned  nitric  acid  and  1 ml  of  0.1N  silver 
nitrate  soln.  The  turbidity  produced  in  the 
1st  tube  shall  be  not  greater  than  that  in 
the  2nd  one 

h) Sulfates  Content— max  0.001%,  as  detd  by 
evaporating  to  dryness  a 50  ml  sample  contg 
10  mg  of  Na  carbonate  on  a steam  bath,  dis- 
solving the  residue  in  5 ml  of  w,  filtering 
into  a 10  mi  Nessler  tube  and  diluting  to  the 
mark  with  w.  A 2nd  10  ml  tube  shall  contain 
10  mi  of  standard  soln,  previously  prepd  by 
dissolving  82  mg  of  K sulfate  in  1 1 of  w. 
After  adding  to  each  tube  1 ml  of  1:20  hydro- 
chloric acid  & 1 ml  barium  chloride  soln  and 
allowing  to  stand  for  10  min,  the  turbidity 
produced  in  the  1st  tube  shall  be  not  greater 
than  that  in  the  2nd  tube 

i ) Sulfurous  Acid  Content— max  0.001%,  as 
detd  by  titrating  300  ml  of  w contg  some 
starch  indicator  with  0.01N  iodine  soln  to 
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end  point,  adding  50  ml  of  sample  and  con- 
tinuing titration  to  the  same  end  point 

% Sulfurous  acid  ■=  V x N x 0.082, 

where  V = total  ml  of  iodine  soln  minus  ml 
used  to  titrate  w and  N-normality  of  iodine 
solo 

Slightly  more  rigid  requirements  are  for 
the  reagent  grade  acetic  acid  (see  Ref  2) 

For  more  information  on  analysis  of 
acetic  acid  see  Refs  1 & 3 

Refs : l)Kirk  & Othmer  1(1947),  68-9  2) 

ReagentChemicals  (1950),20-3  3)0tganic 
Analysis,  Interscience,  2(1954)  & 3(1956) 
(Various  methods  are  described.  Detn  of 
AcOH  in  anhydride  is  in  v 3,  p 24) 

Acetic  Acid,  Azldo  Derivative  (Axidoacetic 
Acid  or  Triazoacetic  Acid),  N, . CH2  . CO,  H, 

row  101.07,  N 41.58%.  Col  hygrosc  plates, 
mp  ca  16°,  bp  93°  at  3 mm,  d 1.354  at  33°- 
Detonates  violently  on  heating  in  a capil- 
lary tube;  expl  mildly  with  evoln  of  flame 
on  heating  on  a hot  plate.  Can  be  prepd  by 
shaking  ethylester  of  azidoacetic  acid  with 
aq  20%  KOH  soln 

Its  silver  salt,  C,H,OaN,Ag,  N 20.2%, 
ndls,  deflagrates  on  heating 

Refs:  l)Beil  2,229  & (100)  2)M. Forster 

& H.Fierz,  JCS  93,76(1908)  3)Yu.Sheinker 
& Ya.Syrkin,IzvestAkadN,SerFiz  14,478-87 
(1950)  & CA  45,3246(195  lXUItraviolet, Raman 
and  Infrared  spectra)  4)Yu.Sheinker,Dokl- 
AkadN77,  1043-5(1951)  & CA  45,6927(1951) 
Ultraviolet  spectra  of  azidoacetic  acid) 

4)J.H. Boyer  & J.Hamer,  JACS  77,953(1955) 

& CA  50,1826(1956) 

Acetic  Acid,  Diaiido  Derivative  (Azido- 
acetic Acid  Azide  or  Triazoacetic  Acid), 

N, . CH , . CO . N, , mw  126.08,  N 66.66%. 

Col  oil  with  unpleasant  smell;  mp  explodes; 
insol  in  w.  Was  prepd  by  treating  azido- 
aceticacidhydrazidehydrochloride  with 
Na  nitrite  in  cold  aq  soln 

Refs:  l)Beil  2,230  & (101)  2)T.Curtius, 


et  al,  Ber  41,  354  & 1036(1908) 

Nit  roocetic  Acid  (Nitroathansaure  or  Nitro- 
essigsaure,  in  Ger),  OaN.CHa  .COOH,  mw 
105.05,  N 13.33/c-  Ndls,  expl  on  heating; 
sol  in  chlf,  benz  & toluene;  insol  in  petr  eth; 
decompd  by  w;  yields  nitromethane  when 
heated  with  w.  Was  prepd  from  the  dipotas- 
sium salt  (see  below)  and  dry  HC1  in  ether 
(Refs  1 & 3) 

Its  dipotassium  salt,  C2HK2N04,  ndls, 
sol  in  w and  insol  in  ethyl  & methyl  ales, 
can  expl  on  contact  with  w(Ref  2).  Can  best 
be  prepd  by  treating  nitromethane  with  KOH 
(l:lXRef  6).  Other  methods  of  prepn  are  given 
in  Refs  1 & 2.  Itis  a powerful  expl(R.ef  5) 

The  aq  soln  of  the  salt  yields  with  Pb 
acetate  a white  ppt  and  with  Ag  nitrate  and 
mercurous  chloride  yel  ppts.  These  salts 
deflagrate  in  a flame  (the  Ag  salt  the  strong- 
est) (Ref  3) 

Refs:  l)Beil  2,225  2)W.Steinkopf,  Ber 

42,2029-31(1909)  3)Ibid,42,  3925-9(1909) 

4)A.Hantzsch  & R. Voigt,  Ber  45,108(1912) 
(Absorption  spectra  of  nitroacetic  acid  in 
ale,  ether  & aq  alk  solns)  5)D.A.Lyttle  & 
D.I.Weisblatt,  JACS  69,2118  (1947)  & CA  42, 
lI4(1948)(The  chemistry  of  nitroacetic  acid 
and  its  esters)  6)H.Feuer  et  al,  JACS  71,3079 
(1 949)  & CA  44,  2915(1950)  7)D.  A.Lyttle, 

C & EN  27,  1473(1949)  & CA  43,4855(1949) 

(Approx  3 lb  dipotassium  nitroacetate  in  a 
10  gal  stainless  steel  can,  moistened  with 
w and  covered  with  about  7 lb  dry  K nitro- 
acetate exploded  after  30  mins  at  RT) 

Acetic  Acid— Perchloric  Acid  Mixture.  See 

Perchloric  Acid  —Acetic  Acid  Mixture 

ACETATES 

Ammonium  Acetate(Normai),  CHsCOO  . NH4,  mw77.08 
Wh  deliq  crysts,  mp  114°,  bp  decomp,  d 1. 171 
at  25°/4°  (see  Note).  Sol  in  w & ale,  si  sol  in 
acet.  Can  be  prepd  by  neutralizing  acetic 
acid  with  ammonia  or  Aram  carbonate.  The 
commercial  salt  contains  some  acid  salt  (see 
below  ).  The  pure  salt  is  used  as  a lab  reagent,  etc 
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Note:  According  to  most  chemical  handbooks 
the  density  of  Amm  acetate  is  equal  to  1.073- 
This  seems  to  be  impossible  if  the  densities 
of  aqueous  soins,  as  given  in  Ref  2,p  810,  are 
1.077  for  40%  soln  and  1.092  for  50%  soln  at 
l6°/4°.  The  d = 1.171,  cited  here,  was  detd 
by  Bilz  & Balz  (see  Ref  1,  p 113) 


Refs:  i)Beii  2,10/,(47)&[i  13]  2)Kirk  & 

Othmer  1(1947), 810-11  3)Ullmann  6(1955), 


Ammonium  Acetate^cid),  CHsCOONH,CHf 
COOH.  Long  deliq  ndls,  mp  ca  66°;  Sol  in  w 
& ale.  Can  be  prepd  by  distn  of  the  normal 
?*. 

oau  in  at-Liii.  avru 


Refs:  l)Kirk  & Othmer  1(1947), 81 1 2) 

Ullmann  6(1955), 791 


Calcium  Acetote(Acetate  of  Lime),  (CH4COO)f 
Ca,  mw  158.17.  Cryst  from  w as  col  ndls  contg 
2 mols  of  water  of  crystn.  The  transition  of 
the  di-  to  the  monohydrate(89-77%  of  anhyd 
salt)  takes  place  at  84°.  The  normal  com- 
mercial salt  contains  82-85%  of  anhyd  salt. 

The  anhyd  salt  decomp  when  heated  at 
moderate  temp.  It  is  sol  in  w & ale.  Can  be 
prepd  by  neutralizing  the  pyroligneous 


nquors  irom  narawooa  aistn  wrtn  t^a  caroon- 
ate  followed  by  evapn,  drying  and  purifies- 

o l-Ji  n />  rt  Ur  ■ m _ 
r MO  Ul^  VUljr  Aili  - 


portant  source  for  prepn  of  acetone  and 
acetic  acid  but  the  development  of  the  Weiz- 
mann  fermentation  process  (yielding  acetone 
and  synthetic  acetic  acid),  as  well  as  direct 
acetic  acid  processes  have  relegated  the 
salt  to  a place  of  minor  industrial  importance 


Monohydrate  of  Ca  acetate  is  used  as  analy- 
tical reagent  and  its  requirements  when  used 
in  military  installations  are  listed  in  US 
Spec  MIL-C-14000 

Refs:  l)Beil  2,111,(48)  & [116]  2)Marsh- 

ail  1(1917), 340-4  3)Kirk  & Othmer  2(1948) 
447/50)  4)UIlmann  6(1955), 792  5)Co nd 

ChemDict(  1956), 202 


Cellulose  Triacetate.  See  under  Acetyl  Cel- 
luloses 

DI  potassium  Nitroacetate.  See  p A 27 

Lead  Acetate  (Sugar  of  Lead  or  Plumbous 
Acetate )(Bleiazetat  or  Bleizucker  in  Ger), 
PbfCHjCOOJj  . 3H20,  raw  379-35.  Wh  monocl 
crysts,  d 2.55,  mP"  loses  3Ha0  at  75°;  for 
the  anhyd  salt,  Pb(CHsCOO)j , mw  325-35 
mp  ca  280°.  Sol  in  w and  glycerin;  si  sol  in 
ale,  chit,  Cd4  Si  btnZ.  Call  be  prepd  by  dis- 
solving litharge  in  hot  coned  AcOH  or  by 
treating  a mixt  of  lead  and  AcOH  with  air 
under  press.  Its  lab  method  of  prepn  from  red 
lead  oxide  (Pb304),  AcOH  and  chlorine  is 
described  in  Ref  2 

Uses  of  lead  acetate  are  discussed  in 
Kef  2.  US  spec  MlL-L-15172  lists  the  re- 
quirements of  tech  grade  used  in  the  manuf 
of  antifouling  paint  for  ship  bottoms.  The 
material  shall  be  white, crystn  and  contain 
84.89%  of  (CH.COO).  Pb  which  corresponds 
to  99%  of  the  trihydrate.  A 5 g sample  dis- 
solved at  RT  in  8 ml  of  recently  distd  w 
shall  be  no  more  than  si  turbid  and  shall 
become  clear  on  the  addn  of  20  ml  distd  w 
and  2 drops  of  AcOH 

Note:  According  to  one  of  the  Hercules  Powder 
Co  laboratory  manuals,  lead  acetate  is  used 
in  the  prepn  of  test  paper  for  detection  of 
hydrogen  sulfide.  Strips  of  filter  paper  are 
dipped  in  10%  Pb  acetate  soln  and  then  dried 
in  atm  free  of  HaS.  The  moist  test  paper,  in 
the  presence  of  even  traces  of  Ha  S,  gives  a 
black  color 


Refs:  l)Beil  2,115-6,(50)  & [120]  2)In0rg 

oyimi  i {±yiy)  <i/-y  jjjvhk  « ucnmcr 

268  4)CondChemDict(1956),640 


Lead  Acetates  (Basic)  are  obtained  by  dis- 
solving lead  oxide  in  aq  soins  of  sugar  of 
lead,  white  solids,  very  sol  in  w.  Uiimann 
(Ref  2)  gives  their  formulae  as,  [Pba(OH)aj- 

ft-u  on^rDki,nu\  1 tf'U  f~C\r^\ 

'~r*  * /4J  \ 


Refs:  l)Kirk  & Othmer  8 (1952),  268  2Ullmann 

6(1955),  791 
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Lead  Sub-acetate,  CHsCOOPb  and 
(CHjCOOPb)a  . Ha  0 . Wh  powd,  sol  in  w. 

Can  be  prepd  by  reaction  of  lead  sub- 
oxide and  acetic  anhydride  in  atm  of  nitro- 
gen. Its  aq  so  In  is  used  in  lab  for  pptg 
colloidal  substs  from  solns 

Refs:  l)Beil  2,  (50)  2)H.G. Denham, 

JCS  115,109-11(1919) 

Lead  Tetracetate,  Pb(CH,C00)4,  mw  443.39. 
Col  raonocl  ndls,  mp  175°,  d 2.228;  decomp 
in  w to  form  Pb02.  Can  be  prepd  by  adding 
warm  glac  AcOH  to  red  lead  followed  by 
cooling(Ref  1).  It  is  used  as  an  oxidizer  in 
some  chemical  reactions  (Ref  2) 

Refs : l)Kirk  & Othmer  8(1952),  268  2) 

Ullmann  6(1955)*?91-2 

Lead  Aceto-Bromate,  Pb3  (CH,COO),  (BrOs)j , 
plates,  expl  when  heated  to  ca  165°  or  on 
impact  [Beil  2,[l2l]i 

Lead  Aceto-CHIorate,  Pb2  (CH,COOXOH)- 
(ClO,)a  ,2%HS  0,  scales,  expl  violently  on 
heating  { Beil  2,  [121] 

Lead  Aceta-Chlorate,  Pbj(CH,COO)2(OH)2- 
(C10s)a  ,3Hj  0,  plates,  expl  very  violently 
on  heating  [ Beil  2,[l2l]} 

Lead  Aceto-Perchlorate,  Pb2  (CHjCOO)a- 
(ClO^H,  0,  plates,  expl  violently  on  heat- 
ing or  on  impact  [Beil  2,[l2l]l 

Lead  Aceto-Sodium  Perchlorate,  Pb(CHsCOO)- 
NaCl04l  prisms,  explode  on  heating  [Beil 
2,  [121]! 

Sodium  Acetate,  CH,C00,Na^  mw  82.04. 

Wh  deliq  monocl  crysts,  d 1.528,  mp  324°, 
nI?  1*464.  Sol  in  w,  si  sol  in  ale.  Can  be 
prepd  by  neutralizing  acetic  acid  with  NaaCOs 
or  with  NaOH  and  heating  the  resulting  tri- 
hydrate  to  remove  water  of  crystn  (Refs  1 
& 2).  Can  also  be  obtained  from  wood  sul- 
fite liquor  andNaOHorCa(OH)a(Ref  2).  Its 
uses  are  listed  in  Refs  2,5  & 6.  According 
to  Violette  (Ref  3)  mixts  of  equal  parts  of 
Na  acetate  with  K saltpeter  explode  violently 


when  heated.  The  same  applies  to  mixts  of 
Na  acetate  and  saltpeter  (Ref  4) 

Refs:  l)Beil  2,107-8,(47)  & [113]  2)Kirk 

& Othmer  12(1954),599'600  3)Violette,Ann 
Chim  [4]  23,306(  1871)  4)Daniel(1902), 

786-7  5)UUmann  6(1955), 794  6)CondChem 
Dict(1956),992 

ACETIC  ANHYDRIDE  AND  DERIVATIVES 

Acetic  Anhydride,  Ethonoic  Anhydride 
or  Acetyl  Oxide  (abbreviated  to 

Ac2  O),  (CH,CO)30,  mw  102.09,  OB  to  COa 
-125.4,  col  liq,  fr  p -73.1°,  bp  139.5°,  d 
1.0838  at  20°/20o,  n d°  1-3904,  sp  ht  0.434 
cal/ g /°C,  Q vapzn  66.1  cal/g,  fl  p 124°F 
(closed  cup),  Qc  431.9  and  Qf  130.8  keal/mol 
(Ref  2);  sol  in  cold  w (12%  at  20°),  decompd 
by  hot  w,  sol  in  ale  & eth.  Various  methods 
of  prepn  are  given  in  Refs  1,5  & 18.  It  has 
been  used  in  the  acetylation  of  cellulose 
and  other  substs, in  the  manuf  of  RDX  and 
it  can  be  used,  together  with  HNO,  and 
AcOH,  in  the  prepn  of  high  nitrogeo  content 
(14%)  NC  (Refs  3,7  & 13).  The  physico-chem 
props  of  the  system  HNOj— AcOH— Aca  O have 
been  studied(Refs  4,7,11,14,  & 15).  US  Spec 
JAN-A-459  lists  the  requirements  for  Aca  0 
used  in  the  manuf  of  RDX  and  of  some  other 
nitramines.  Toxicity,  toxicology  and  fire  & 
expln  hazards  of  Aca  O are  discussed  in  Sax 
(Ref  17) 

The  concn  of  Ac2  O in  air  in  the  range 
2.67  to  10.13%  is  expl.  Aca0  reacts  vigorously 
in  contact  with  w,  steam  and  oxidizing  substs. 
It  is  particularly  dangerous  in  contact  with 
chromic  acid,  Na3  Oa  and  HNOs(Refs  5,  16  & 
17).  An  expln  of  a tank,  contg  150  gals  per- 
chloric acid  (HC104)  and  50-60  gals  Aca  O in 
an  electroplating  plant,  killing  16  persons  and 
wrecking  116  bldgs, was  reported  by  Kuney 
(Ref  6).  Shock  sensitivity  and  expl  response 
to  heat  and  flame  of  HC104— Aca  O— water 
mixts  have  been  investigated  by  Medard  et 
al  (Ref  8).  The  mixt  contg  68/32  by  vol  of 
HCI04/Aca0  is  most  expl.  A mixt  contg  less 
than  55%  by  vol  of  HCI04  is  incapable  of 
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deton  or  one  with  HQO,  of  d less  than 
1. 50  g/ cc  has  no  expl  props  (Ref  9) 

The  safe  use  of  Ac20  — HC104  as 
electrolytic  polishing  bath  has  been  in- 
vestigated by  Hikita  & A sab  a (Ref  12) 
and  by  Medard  & Sartorius  (Ref  10)  re- 
sulting in  a 3 phase  diagram  to  show  the 
dangerous  zones 

Refs:  l)Beil  2,  166,(75)  & [170]  2)J. 

Thomas,  ZPhysChem  52,347(1905)  3)G. 

Petitpas,  MSCE  30,  245(1943)  4)R.Van- 
doni  & R.  Viala,  MSCE  32,80-6  (1945) 

5)Kirk  & Othmer  1(1947),  78-87  6)J.Kuney, 
C & EN  25,1658-9(1947)  & CA  41,5309(1947) 

7) J.Chedin  et  al.MSCE  35,fasc  2,53-62(1949) 

8) L.Medard  et  al,  RevMet  46,549-60(1949)  & 

CA  44,330(1950),  9)P. A.Jacquet, Metal 

Finishing  47,  No.  11,62-9(1949)  & CA  44, 
459(  1950)  10)L.Medard  & R.  Sartorius, 

MP  32,179-96(1950)  St  CA  47,  9013(1953) 
ll)J.Chedin  & A.  Triboc,MSCE  36,fascl, 
31-6(1951)  12)T.Hikata  & T.Asaba,  jchem 
SocJapan.IndChemSect  54,253-5(  1951)  & CA 
47,2987(1953)  13)W.G.Harland,jTextile 
Inst  45,T678-91(1954)  & CA  49,607-8(1955) 
14)T.V.Mal’  kova,  ZhObshchKhim  24,1157- 
64(1954)  & CA  49,2167(1955)  15)T.V. 

Mai’  kova, Referat  ZhKhim  1954,  No.  33882 

& CA  49,9373(1955)  16)Ullmann  6(1955) 
804-l5(under  Essigsaure)  17)Sax(1957) 
230-1  18)Faith, Keyes  & Clark(1957)21-6 


Acetic  Anhydride,  Analytical  Proceduies. 

Material  intended  for  use  in  the  USA  for  the 
manuf  of  expls(such  as  cyclonite)  shall 
comply  with  the  requirement  of  Spec  JAN- 
A-459, as  determined  by  the  following  tests: 

a)Color.  Prepare  500  ppm  of  platinum  stand- 
ard by  dissolving  1.245  g K2  PtCl6  and  l.OOOg 
CoCl2  . 6H20  in  aq  HC1(1:5)  contained  in  1 1 
volumetric  flask  and  dilute  to  the  mark. 
Pipette  1 ml  of  this  soln  into  a 50  ml  Nes- 
sler  tube  and  dilute  with  w to  die  mark.  Fill 
a 2nd  Nessler  tube  with  the  sample  and 
compare  the  color  of  so  Ins  in  both  tubes. 

The  intensity  of  color  of  the  sample  shall 
be  no  greater  than  that  of  the  standard 


Save  the  sample  for  procedure  (b) 

b)  Suspended  Matter— none.  Observe  the  sample 
in  the  2nd  Nessler  tube  of  proc  (a)—  there 
shall  be  no  suspended  matter 


c)  Acetic  Anhydride  Content  (Purity)— minim 
97.07%.  Have  two  dry  glass-stoppered  Erlen- 
meyer  flasks,  the  first  500  ml  and  the  2nd 
250  ml.  Pipette  50  ml  of  approx  0.5N  carbonate- 
free  NaOH  into  first  flask  and  20  ml  of  freshly 
distilled  aniline  into  2nd  flask.  Stopper  both 
flasks.  By  means  of  Lunge  weighing  bottle 
weigh  to  +0.0002  g,  0.9  to  l.Og  sample  into 
1st  flask  and  1.6  to  1.7  g into  the  2nd  one. 

The  samples  shall  be  added  dropwise  and 
the  flasks  swirled  to  prevent  local  overheating. 
Stopper  each  flask  immediately  and,  after  3 
to  5 mins  of  standing, wash  down  the  contents 
of  1st  flask  with  100  ml  w (neutral  to  phenol- 
phthalein)  and  titrate  with  N/2  HC1  to  phpht 
end  point.  Cool  2nd  flask,  wash  down  the  con- 
tents with  100  ml  of  aq  methanol  (75-25) 
(neutral  to  phpht)  and  titrate  with  N/2  car- 
bonate-free NaOH  to  a phpht  end  point.  Ti- 
trate a blank  soln  consisting  of  100  ml  of  aq 
methanol  and  20  ml  aniline  using  0. IN  carbo- 
nate-free NaOH 


%ACj  0 = 10.2l[  V1N*  ~ V2N2  _ V3N1  V4N4 

\ W,  W. 


where  V,=ml  NaOH  added  to  1st  flask;  V2  =ml 
HC1  used  in  back  titration  of  contents  in  the 
1st  flask;  Vs  = ml  NaOH  used  in  titrating  2nd 
f Iask;  V4  = ml  NaOH  used  in  blank;  N,  = 
normality  of  NaOH  added  to  1st  flask  and 
used  in  titrating  contents  of  2nd  flask;  N2  =. 
normality  of  HC1  used  in  back  titration  of  1st 
flask;  N4  = normality  of  NaOH  used  in  blank; 

W,  =g  of  sample  in  1st  flask  and  Wa  =g  of 
sample  in  2nd  flask 

d) Chlorides— none,  Dissolve  2 ml  sample  in 
20  ml  chloride-free  w,  add  1 ml  coned  nitric 
acid, shake  and  add  a few  drops  of  IN  Ag 
nitrate  soln.  No  turbidity  or  opalescence  shall 
be  observed 

e) Sulfates- none.  Dissolve  2 ml  sample  in 
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20  ml  sulfate-free  w,  add  1 ml  coned  HCl, 
shake  and  add  a few  drops  of  10%  Ba  chlor- 
ide soln.  No  turbidity  shall  be  observed 

f)  Heavy  Metals— none.  Dissolve  10  ml  sample 

in  100  ml  w and  5 ml  coned  HCl.  Saturate  the 
soln  with  hydrogen  sulfide  gas  and  note 
the  appearance  of  a ppt,  which  is  indicative 
of  the  presence  of  Sb,  As,  Bi,  Cd,  Cu,  Pb,Hg  or 
Sn.  Dissalve  another  10  ml  sample  in 
100  ml  w,  neutralize  with  NH40H  (using 
litmus  paper  indicator)  and  add  5 ml  in 
excess.  Cool  the  soln,  saturate  with  H,S 
gas  and  note  the  appearance  of  a ppt,  which 
is  indicative  of  the  presence  of  Co,  Mn,  Nior  Zn 

Acetic  anhydride  intended  for  use  as  a 
reagent  shall  comply  with  the  requirements 
listed  in  Ref  3 

Analysis  of  acetic  anhydride  is  also  dis- 
cussed in  Refs  1,3  & 4 

Refs:  l)Kirk  & Ochmer  1 (1947),  86-7  2) 

Jacobs  (1949), 652-4  3)Reagent  Chemicals 

(1950),  22-3  4)Organic  Analysis,Interscience 
3(1956) 

Acetic  Anhydride , Azido  Derivative  ( Azido - 
acetic  Anhydride  or  Triazoacetic  Anhydride, 

HSC  ■ OC  , 0 . CO  . CHj  , Nj— not  found  in  Be  il 
or  CA  through  1956 

Acetic  Anhydride,  Diozido  Derivative  or 

Diazidoacetic  Anhydride,  N,.H,  C.OC.O.CO. 
CHj.Nj,  mw  184.12,  N45.65%.  Col  oil,  bp 
110°  at  0.2  mm.  Indexed  in  CA  as  Triazo- 
acetic Acid  Anhydride.  Prepd  by  shaking  an 
abs  ether  suspension  of  the  Ag  salt  of 
azidoacetic  acid  with  a soln  of  azidoacetyl- 
chloride  in  abs  ether 

Refs:  l)Beil— not  found  2)K.Freudenberg 

et  al,  Ber  65,  1191(1932) 

Acetic  Anhydride-Perchloric  Acid  Mixtures. 

See  under  Perchloric  Acid 

Acetic  Ether  (Essig-ttther,  in  Ger).  See  Ethvl 
Acetate 

ACETINS  AND  DERIVATIVES 

Acetins  are  esters  obtained  by  reactions 


of  glycerin  with  acetic  acid.  There  are 
mono-,  di-  and  tri-acetins 

Monocetin  or  Glyceryl  Monoacetate, 

C,HS  (OH),  (O,  C.CH j),  mw  134.13,  OB  to  CO, 
“71.6%,  Mixt  of  two  isomers  is  a col  liqQ 
d 1.206,  at  20°/4°,  bp  130°  at  3 mm,  Np 
1.4499  Qc  595.6  kcal  and  Qy  214.5(Ref  6); 
very  sol  in  w or  ale;  sol  in  cnlf;  si  sol  in 
eth  or  petr  eth  and  insol  benz.  Can  be  prepd 
by  heating  at  170°,  equimolar  quantities  of 
anhyd  glycerol  and  glacial  acetic  acids  in 
the  presence  of  H,P04  or  P,  Os  (Refs  1 & 3). 
Vender  (Ref  2)  proposed  using  water  sol 
acetins  as  gelatinizing  agents  for  NC  in  the 
prepn  of  smokeless  propellents.  Acetins 
were  also  used  in  manuf  of  some  dynamites 
(see  also  Refs  4 & 5) 

Refs:  l)Beil  2,  146,(69)  & [1591  2)V. 

Vender,  Ger  P 226,422(1906)  & CA  5,  1517 
(1911)  3)H.A.Schuette  & P.P.T.Sah,  JACS 
48,  3162-26(1926)  4)Kirk  & Othmer  7(1951) 
5)226-7  6)P. Tavernier  & M.  Lamouroux,  MP 

38,84(1956) 

Diacetin  or  Glyceryl  Diacetate,  C,H,(QH) 

(O,  C.CHS),  , mw  176. 17,  OB  to  CO,  -136.  2% 
OB  to  CO  -72.7%.  Mixt  of  two  isomers  is  a 
colUq,  d 1.177  at  20/20°,  bp  175-6°  at  40  mm, 
n2D°  1.371,  Q£  801.8  kcal/ mol  and  Qj  264.8 

(Ref  6);  sol  in  w or  ale;  al  sol  in  eth;  very 
sol  in  benz.  Can  be  prepd  in  mixt  with  other 
compds  by  heating  at  110°,  anhyd  glycerol 
with  glacial  acetic  acid  and  coned  sulfuric 
acid  (Refs  1 & 3).  Vender  (Ref  2),  proposed 
its  use  as  gelatinizer  for  NC.  According  to 
Refs  4 & 5,  diacetin  has  been  used  as  a 
solvent,  plasticizer  and  softening  agent 

Refs:  I)Beil  2, 147,(69)  & [160]  2)V. 

Vender,  GerP  226,422(1906)  & CA  5,1517 
(1911)  3)H. A.S.chuette  & P.P.T.Sah,  JACS 

48,3161(1926)  4)Kirk  & Othmer  7(1951), 

227  5)Durrans(1957),186-7  6)P.Tavernier 

& M. Lamouroux,  MP  38,84(1956) 

Triacetin  (T A)  or  Glyceryl  Triacetate, 

CjH8(0,  C . CH,)S,  mw  218.20,  OB  to  CO,, 
-139.3%,  OB  to  CO  -73.3%-  Col  liq,  fr  p ca 
-78°,  bp  258-60°,  d 1.163  at  20/20°,  N2D°° 
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1.4307,  Qc  1008.6  kcal/mol  and  Q]  314.5 
(Ref  6);  si  sol  in  w,  miscible  with  ale, 
eth,  chlf  or  benz;  nearly  insol  in  C bi- 
sulfide or  ligroin.  It  is  hygroscopic.  Can 
be  prepd  by  treating  glycerol  with  acetic 

anhydride  at  100°  (Ref  2)  or  by  other 
methods  listed  in  Ref  1,  Its  toxicity  and 
fire  & expln  hazards  are  discussed  in 
Ref  7 

Triacetin  has  been  used  as  a solvent  for 
acecocellulose  and  as  a plasticizer  in  the 
pyroxylin  industry  (Ref  5).  It  was  patented 
by  Hale  & Cameron  (Ref  3)  ns  a flash  re- 
ducing agent  in  NC  propellants.  According 
to  Ref  4,  triacetin  acts  as  a gelatinizing 
and  waterproofing  agent.  It  has  been  used 
successfully  as  plasticizer  and  coolant  in 
single-base  propellants  and  in  cast  double- 
base propellants  (see  Note) 

Notes:  a)  Composition  of  one  of  the  single- 

base propellants  contg  TA  is  given  in  Kirk 
& Othmer  6,(1951).  83,  as  follows:  NC(12.6%N) 
79.0,  TNT  15.0,  TA  5.0,  DPhA  1.0  and 
graphite  (added)  0.2%.  Compositions  of 
double-base  cast  propellants  OGK  and  010 
are  given  in  PicArsn  Purchase  Description 
PA-PD-182(1952),  which  is  classified  con- 
fidential b)Burning  characteristics  of 
iiq  mixt  triacetin-meeriol  trinitrate  was  studied 
by  D.L.Hildenbrand  et  al,  JPhChem  58,  1130* 
3(1954)  & CA  49,2805(1955)  c)Burning 

characteristics  of  liq  mixt  triacetin  with  2,2- 
dimethylol-l-propanol  trinitrate , also  ca  lied 
2,2-bis(hydroxymethyl)-l-propanol  trinitrate 
was  studied  by  R.  Steinberger  & K. E. Carder,- 

JPhChem  59,255-7(1955)  & CA  49,7935(1955) 

Refs : l)Beil  2,147,(70)  & [160]  2)F. 

Baeyer,GerP  347,897(1919)  & JSCI  4l,347A 
(1922)  3)G.C.HaIe  & D.R. Cameron,  USP 
2,035,471(1936)  & CA  30,3650(1936)  4) 

All  & EnExpls(1946),  42  5)Kirk  & Othmer 
7(1951),227  5a)Merck(1952),967  6)P. 

Tavernier  & M.Lamouioux,  MP  38,  8-4(1956) 
7)Sax  1957),  739-40  8)Durrans(  1957),  187 

Acetins,  Analytical  Procedures.  Analyses  of 
mixts  of  mono-  with  diacetin  and  of  mono-  with 


triacetin  are  described  in  Ref  1.  An  infrared 
method  for  detg  triacetin  is  described  io 

Refs  2 & 3 

Triacetin  intended  for  use  in  the  manuf 
of  US  smokeless  propellants  shall  comply 
with  the  requirements  of  Spec  JAN-T-301,  as 
detd  by  the  following  tests: 

a)  Color  Prepare  the  standard  by  adding  0.5  ml 
of  0.1N  iodine  soln  & 100  ml  w and  visually 
compare  the  color  in  25  ml  Nessler  tube  with 
that  of  sample.  The  color  of  sample  shall 

be  no  darker  than  that  of  standard 

b ) Specific  Gravity— 1.153  ±0.003  at  25/4°, 

as  detd  by  pycnometer  or  Westphal  balance 

c ) Acidity  as  AcOH— max  0.005%.  Neutralize 
about  400  ml  of  95%  ethanol,  with  0.1N  NaOH 
soln  to  faint  pink  coloration,  using  1 to  2 
drops  phpht  indicator,  and  transfer  about 

half  to  a 500  ml  Erlenmeyer  flask  contg 
100  ml  sample.  Mix  thoroughly  and  titrate 
rapidly  with  0. IN  NaOH  to  faint  pink  color- 
ation. Disregard  gradual  fading  of  this 
color 

6.0  x V x N 

%AcOH  = 1 

W 


where  V:  ml  of  NaOH  soln  required  for  titra- 
tion-, Nmormality  of  NaOH  soln;  W-g  of  sample 
(vol  x gravity) 

d) As^-max  0.002%.  Weigh  a portion  of  ca 
10  g in  an  accurately  tared  small  porcelain 
and  evap  to  near  dryness  over  a low  flame 
or  on  a hot  plate.  Ignite  the  residue  to  const 
wt  at  a red  heat,  cool  in  a desiccator  and 
weigh 

e) Ester  Content  as  TA-min  98.0%.  Take  two 
250  ml  flasks  which  can  be  fitted  by  means 
of  ground  joints  to  reflux  condensers.  Ac- 
curately, weigh  by  means  of  a Lunge  pipette, 
1.8  ±0.2g  sample  into  the  1st  flask,  add  100 
ml  of  N/3  NaOH  soln  and  connect  to  the 
1st  reflux  condenser.  Add  to  the  2nd  flask 
(blank)  only  100  ml  N/3  NaOH  soln  and  con- 
nect to  the  2nd  reflux  condenser.  Boil 
gently  each  flask  for  ca  1 hr  with  occasional 
swirling  (saponification  takes  place  in  the 
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1st  flask).  Wash  down  the  sides  of  each 
condenser  and  the  ground  [pints,  with 
about  25  ml  w,  cool  the  flasks  rapidly  to  RT 
and  titrate  their  contents  with  N/3  sulfuric 
acid 


% TA  - 


7.27  x (V - y)  x N 
W 


where  V-ml  of  acid  used  to  titrate  blank;  v=. 
ml  of  sulfuric  acid  used  to  titrate  excess  of 
NaOH  after  saponification  and  N=normality  of 
sulfuric  acid 

Refs : 1)P.  Fuchs,  ZAnalChem  121,  305 

(1941)  & CA  35,  6205(1941)  2)A.H.CastelIi 

et  al,  PATR  2021(1954)(C)  3)A.H.CastelIi 

et  al,  PATR  2222(1956)(C) 

Note:  Above  classified  references  2 and  3 
were  not  used  in  this  description  of  analytical 
procedures 

Mononitroacetin  or  Glycerylmonoacetate 
Nitrate,  C3H5  (OH)(ONO,)(OaC-CH,)-not  found 
in  Beil 

Dinitroacetin,  Glyceryl  monacetate  Dinitrate 
or  Glyceroldinitroacetate,  called  in  Beil 
Glycerin- acetat-  dinitrat,C3Hs  (0N02)2(0aC- 
CH3),  mw  224.13,  N 12.50%  OB  to  C02-42.8% 

Lt  yel  oil  d 1.45  at  15°  (Ref  2)  d 1.42  at  15° 

(Ref  3)  fr  p < -20°,  bp  147°  at  15  mm  (dec); 
insol  in  w,  benz  & CS2;  easily  sol  in  ales, 
acet,  ether  & NG.Can  be  prepd  by  nitrating 
monoacetin  with  mixed  nitric- sulfuric  acid 
or  by  acetylation  of  dinitroglycerin.  It  easily 
gelatinizes  NC  at  RT,  is  insensitive  to  impact 
but  it  can  be  initiated  by  detonator-Power  by 
Trauzl  rest  450  cc  (Ref  2)  and  202  cc(Ref  3) 
Note:  According  to  Naoum(Ref  3)  the.  sample  of 
Vender(Ref  2)  probably  contained  NG 

Loss  of  wt  in  24  hrs  at  75°  was  1.4%  (Ref  3} 
It  was  proposed  as  an  antifreeze  addition  to 
NG  in  dynamites  (Ref  2) 

Refs:  1)  Beil  2,  148  2)V. Vender,  SS  2, 

21(1907)  3)Naoum,  NG(1928),  193-7 

Mononitrodiacetin,  Glyceryldiacetate  Nitrate 
or  Diacetin  Nitrate,  called  in  Bei^Glycerin- 
a,  /3-di-  ace  tat-  y nitrate,  C3Hs  (ON02)(OaC*- 
CH,)2,  mw  245.19,  N 5.71%.  Crysts,  mp 


18-20°,  insol  in  w.  Was  prepd  by  acetylating 
glycerine- a-monon itrate.  It  is  not  mentioned 
as  an  expl 

Refs:  l)Beil  2,  148  2)W.WiU,  Ber  41, 

1120(1908) 

Acetoacetyldiphenylamine.  See  N,N- 
Diphenylacetamide 

Acetocelluloses.  See  Acetylcellulose 

2-{4)-Aceto-l,9-diocetoxy-2,6,8-trinitro-2,4,6,8- 

tetrazanonane.  See  2-(4-)-Acetyl-l,9-diacetoxy- 
2-6,8*tiinitK>-2,4,6,8-tecrazanonane,  under 
Acetyl  di  aceto  xy  te  tra  zanon  an  e 


1- Aceto-3,7*dinitT  o-5-nitroso-l,  3,5,7- 
tetrazacyclooctane.  See  under  Acetotetraza- 
cyclooctane  and  Derivatives 


l-Aceto-3,5-dinitro- 1 ,3,5-triazacyclohexa  ne. 


kJI,  U U1IU1 


Acctctria Zu cycIchcAuiiu  cmd 


Derivatives 

Acetol  (l-Hydroxy-2-propanone,  Propanolon, 
Acetylcarbinol  or  Pyruvic  Alcohol)  (a-Oxy- 
/3-oxopropan,  Oxy-aceton,  Acetonylalkohol 
or  Brenztraubenalkohol  in  Ger),  CHjCO'CHjOH, 
mw  74.08,  OB  to  C02  -151.2%,  OB  to  CO 

_ G/C  A Of  /~  *1  _ T ^ ^ 11  _ 1 ! _ l...  1 le 

picai»aiu  omening  114,  up  ihj- 

7°,  d 1.024  at  20°/20°(when  freshly  distilled), 
1,4295.  Miscible  with  w,  ale  & eth.  In- 


dustrial methods  of  prepn  are  given  in  Refs 
1,2  & 3 and  the  lab  prepn  is  in  Ref  4.  It  is 
used  as  a reducing  agent  in  org  chem(Ref  5) 
and  as  a solv  for  NC(Ref  6) 


Refs:  l)Beil  1,821,(418)  & [866]  2)E. 

Holmes,  BrP  428,462(1935)  & CA  29,  6908 
(1935)  3)R.W.McNamee,  USP  2,143,383 
(1939)  & CA  33,2914(1939)  4)OrgSynth, 
CollVoi  2(1943),  5-6  5 )Hackh(l 944),  7 

6)CondChemDict(1956),8 

ACETONE  AND  DERIVATIVES 

Acetone  or  Dimethyiketone  (abbreviated  to 
ace  t)(  2-  Prop  anon  e,  Methyl  acetyl  or  Pyroacetic 
Ether),  CH3-CO-CH3,  mw  58.08,  OB  to  C02 
-220.4%,  OB  to  CO  -137.7%.  Col,  mobile, 
flamm  liq,  frp  ca  -94.6°,  bp  56.5°,  d 0.7898 
at  2074°  , n^i.3591,  vap  pres  180.3  mm  Hg 
at  20°,  sp  heat  0.5176  cal/g  at  20°,  vise 
0.00337  Cgs  units  at  15°,  Q*  435.3  (Ref  17) 


and  Qf  63  kcal/mol. Miscible  In  all  propns 
with  w,  ale,  eth,  methanol,  esters  and  other 
org  solvs.  It  is  a good  solvt  for  NC(Refs  11, 
12,16&  18),  cellulose  acetate,  nitrocompds 
etc.  First  obtained  in  1595  by  Libavius  by 
the  dry  distn  of  sugar  of  lead  and  in  1805  by 
Trommsdorff,  who  distilled  Na  and  K acetates. 

The  correct  compn  was  estbd  in  1832  by 
Liebig  & Dumas(Ref  17,  p 881) 

There  are  many  methods  for  the  prepn  of 
acet  of  which  the  dry  distn  of  Ca  acetate 
was  the  most  common  until,  a few  years  after 
WW1,  the  carbohydrate  fermentation  method  of 
C.Weizmann  was  introduced  (Refs  31  & 48). 

By  far  the  largest  prodn  of  acet  in  the  USA 
is  from  petroleum-derived  propylene  by  way 
of  isopropanol  (Refs  31  & 48).  Another 
method  is  to  pass  acetylene  and  steam  over 
Fe2Oj-ZnO  catalyst  at  elevated  temps(Ref 
48).  In  Germany  acet  was  produced  in  95% 
yield  from  AcOH  by  a vapor-phase  catalytic 
process  using  a cerium  oxide  catalyst  at 
400°(Ref  31).  There  are  also  other  methods 
of  prepn(Refs  1,2,3,4,10,14,31,33,42,47,  & 

48) 

Acetone  is  very  flammable  and  should  not 
be  exposed  to  heat  or  flame.  Mixts  of  acet 
vapor  with  air  are  expl  if  the  acet  content  is 
2.55  to  12.8%  at  RT.  The  ignition  temp  of 
acet  vapor  in  air  at  0°  is  567°  and  in  oxygen 
485°  (Ref  20).  The  expl  props  and  hazards  of 
acet  air  mixts  and  precautions  against  their 
propagation  to  expln  are  discussed  in  Refs 
5 ,6,7,8,9,19,27  & 28.  The  exptl  detmn  of 
weak  shocks  in  liqs,  such  as  acet,  ethanol 
and  ether  is  discussed  in  Ref  45.  Brooke 
(Ref  40)  detmnd  the  flash  points  of  acet- 
water  mixts  and  has  shown  that  they  are 
ignitable  even  when  the  acet  content  is  as 
low  as  2%.  The  fl  p of  a 2%  acet- water  mixt 
is  44.4°  and  of  an  18%  soln  is  7.1°.  The  fl  p 
decreases  rapidly  with  an  increase  in  the 
acet  content.  In  pouring  acet  down  the  drain, 
it  is  advisible  to  add  enough  water  to  make 
the  acet  concn  less  than  2% 

The  toxicity  and  toxicology  of  acet  are 
discussed  in  Refs  17,28,31,42 & 46.  In 


general  there  seems  to  be  no  indication 
that  acet  produces. any  toxic  effects  in  workers 
who  use  it  in  well  ventilated  buildings 

Osmotic  press  data  for  solns  of  NC  in 
acet  have  been  obtained  by  Huggins(Ref  21), 
vapor  tension  s of  gels  by  Schultz(  Ref  15)  and 
by  Calvet(Ref  22),  sedimentation  rates  by 
Moisimann  et  al  (Refs  24&25),  viscosity  vs 
NC  concn  by  Wissler  (Ref  36),  thermodynamic 
props  by  Munster  (Ref  41),  and  various  other 
props  of  NC-acet  solns  are  discussed  in  Refs 

13,23,26,29,32,34,35,38,39 & 44.  The  absorption 

spectra  of  acet  are  recorded  by  Pauling  (Ref 
30)  and  the  reaction  with  1,3,5-TNB,  in  the 
presence  of  an  alkali,  to  give  a black  solid 
complex  has  been  noted  by  Kimura  (Ref  43) 

The  principal  use  of  acet  in  the  expl  in- 
dustry is  as  a solv  such  as,  in  the  prepn  of 
pentolite  from  PETN  and  TNT,  in  the  purifi- 
cation of  RDX  and  other  expls,  and  as  a 
gelatinizer  for  NC  in  the  prepn  of  some  pro- 
pellants (eg  cordite)  (See  spec,  Ref  49,  for 
Ordn  use  of  acet).  Acet  is  also  used  ex- 
tensively in  labs  as  a solv  and  for  the  washing 
of  glassware 

Refs  on  Acetone:  l)Beil  1,  635(335) & 

[692]  2)V. Meyer  & K.  Locher,  Ber(l)  8, 
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E.Berl  & K.Barrh,  ZElektrochem  39,  73_5 
(1935)  & CA  27,  2036(1933)  8)G.W.J  ones 

et  al,  Bur  Mines  Tech  Paper  544,  26  pp(1933) 
&CA  27,  2812(1933)  9)G.W.  Jones  et  al. 

Bur  MinesTechPeper  553,  24  pp  (1933)  & CA 
27,  4401(1933)  10)M.Mathieu,  CR  199, 
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Desmaroux  & M.  Mathieu,  MP  26,  180-203 
(1934-5)  12)J. Desmaroux,  CR  199,  148-50 
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Durrans  & D.G. Davidson,  Chem  & Ind  1936, 
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Ing6nieur  Chimiste  20,  13-22(1936)  & CA30, 


A35 
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BurMines  RI  3669(1942)  & CA  36,  4337(1942) 
2 1)M.L. Huggins,  JACS  64,  1713(1942)  & CA 
36,  5407(1942)  22)E.Calvet,  CR  214, 
767-8(1942)  a CA  38,  2546(1944)  23)E. 

Calvet,  AnnFacuIte  Sci,  Marseille  16,  17*35 
(1942)  & CA  41,  2303(1947)  24)H. 

Moisimann,  Helv  26,  61-75(1943)  & CA  37, 
6522(1943)  25)H. Moisimann  & R. Signer, 
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Chedin  & R.  Vandoni,  MSCE  33,  205-18(1947) 
& CA  43,  4927-8(1949)  33)Giua,  Dizionario 
1(1948),  28-33  34)D.Fensom  & J.H.Green- 
blatt,  Can  JRes  26B,  215-25(1948)  & CA  42, 


DokLAkadN  65,  701-4(1949)  & CA  43,  6044-5 
(1949)  36)A.Wissler,  MakrChera  3,  5-12 
(1949)  & CA  43,  6885(1949)  37)H.Campbell 
& P. Johnson,  JPolymerSci4,  427-63(1949)  & 
CA  43,  8244(1949)  3 8)S.M. Lipatov  & S.L 
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54,  964-6(1950)  & CA  44,  8740(1950)  40) 

M. Brooke,  ChemAnal40,  92(1951)  & CA  46, 
9311(1952)  4 1)A.  Munster,  JPolymerSci8, 

633-49(1952)  & CA  46  , 7845(1952);  ZEiec- 
trochem  56,  899-903(1952)  & CA  49,  7928 
(1955)  42)ullmann  3(1953)36-41  43) 
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(1953)  &CA  48, 12699(1954)  44)P.C. 

Scherer  & N.  j.Crookston,  jPolymer  Sci  14, 
129-34(1954)  & CA  48, 14187(1954)  45) 

W.M. Flock  & D.F.Hornig,  JChemPhys  23, 
816-21(1955)  & CA  49,11346-7(1955)  46) 

Sax(1957),  232-3  47)Durrans(1957)  67  & 

112-21  48)Faith,Keyes  & Clark(1957),  27- 
33  49)US  Spec  JAN-A-465 

ACETONE,  ANALYTICAL  PROCEDURES 

Detection  of  Acetone.  The  presence  of 
acetone  may  be  detected  by  the  iodoform  test, 
which  depends  on  the  fact  that  when  acet  is 
treated  with  iodine  and  Na  hydroxide,  iodo- 
form and  Na  acetate  are  formed: 

CHS  -CO-CH,  + 3Ij  + 4NaOH  - CHI,  + CH,  COON  a 

+ 3NaI+  3H,0 

The  presence  of  iodoform  is  detected  by  its 
characteristic  odor  or  by  formation  of  crysts. 
Other  ketones,  as  weli  as  aidehydes  and 
alcohol  interfere  and  should  be  detd  separately. 
De  gcnption  of  cjuslitsti  ve  test  is  in 

Ref  16,  p 619 

Other  qualitative  tests  for  acetone  include: 

а ) DSniges  mercuric  sulfate  test,  described 
in  Refs  2 & 19  b)Dinitrophenyl hydrazine 
test,  described  in  Refs  10  & 19  and  C/The 
Faugbt  sodium  nitroprusside  test,  described 
in  Ref  16,  p 685  (see  also  Ref  12) 

Quantitative  Determinations  of  Acetone.  The 

oldest  and  still  widely  used  method  is  the 
'* Messinger  test ",  based  on  the  iodoform 
reaction  described  above.  This  test  originally 
described  in  1888  (Ref  1)  was  also  described 
in  detail  by  Goodwin  (Ref  5)-,  Friedmann  (Ref 

б)  and  Bonner(Ref  13).  Jacobs  (Ref  16,  pp 
685-6)  describes  the  test  and  its  modifications 
and  gives  some  additional  refs.  The  modifi- 
cation of  Baer(Ref  17)  described  below  under 
"Determination  of  Acetone  in  Smokeless  Pro- 
pellants Also  Containing  Alcohol"  was 
successfully  used  at  PicArsn 

The  quantitative  test,  known  as  the  bydro- 
xylamine  hydrochloride  test  (Refs  8 & 16)  or 
as  the  oximation  method  (Refs  15  & 20)  is 
based  on  the  following  equation: 


(CH,)a  CO+NH2OH-HCl * (CH 3)a  C:- 

NOH  + HCi  + HjO 

In  aq  soin  this  reaction  goes  (in  cold)  to 
95%  completion  and  the  same  applies  to  some 
other  lower  ketones.  For  higher  ketones  it 
is  necessary  to  heat  the  mist  to  complete 
the  reaction  and  this  might  decomp  the  hy- 
droxy laraine  hydrochloride 

Procedure: 

a)  Weigh  a sample  contg  acetone  into  250  ml 
vol  flask  and  dil  with  w to  the  mark(concn. 
of  acet  after  diln  shall  be  ca  1%  b)Take  a 
10  ml  aliquot  in  a 125  mi  Erlenmeyer  flask, 
add  few  drops  of  bromphenol-blue  indicator 
(0.1%  soln  in  30%  ale)  and  neutralize  any 
alkalinity  with  0.1N  HCl  soln  c)Weigh  out 
approx  0.5g  cp  hydroxy lamine  hydrochloride, 
dissolve  it  in  5 nil  w,  add  a few  drops  of 
bromophenol  indicator  and  neutralize  any 
free  acidity  with  0. IN  NaOH  soln  d)Add  the 
hydroxy  lamine  hydrochloride  soln  to  the  above 
acetone  soln  in  125  nil  flask,  stopper  it  and 
allow  to  stand  for  45  mins  e)Titrate  the 
liberated  HCl(see  the  above  equation)  with 
0.1N  NaOH  and  calc  the  amt  of  acet,  as  fol- 
lows: 

% Acetone  = A * N * 0-05808  * 100 
W x 0.95 

Where:  A— ml  of  approx  0.1N  NaOH  used  to 
neutralize  the  aliquot;  N = normality  of  NaOH 
soln  and  W ■’total  wt  of  sample 

Quantitative  tests  other  than  Messinger 
and  oximation  methods  are  described  in  Refs 
7,10  & 11.  Detns  of  acet  in  propellants  are 
described  in  Refs  3,4,6,7,13  & 17.  The  proc 
of  Ref  17  is  given  below  under  Determination 
of  Acetone  in  Smokeless  Propellants  Con- 
taining also  Alcohol 

Specification  Requirements  for  Acetone  Used 
in  Ordnance.  Acetone  intended  for  use  as  a 
solvent  in  prepn  of  propellants  and  pentolite 
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Spec  JAN-A-489  and  shall  be  tested  accord- 
ing to  the  procedures  outlined  below: 

a)  Appearance.  Acetone  shall  be  colorless, 
transparent  and  show  no  turbidity  when 


mixed  with  distilled  water  in  any  proportion. 
This  test  is  conducted  in  a test  tube  or 
cylinder 

b) Distillation  Range.  Acetone  shall  distil 
completely(reach  the  dry  point)  within  a 
range  of  1°C.  The  temp  56.1°  shall  be  in- 
cluded within  the  distillation  range  at  760  mm 
Hg.  The  method  in  sect  100. 1 of  Federal 
Spec  VV— L— 791  shall  be  used 

c) Nonvolatile  Matter  — max  0.002  per  100  ml 
sample,  is  detnd  by  evapg  a 100  ml  sample  in 
a platinum  dish  on  a steam  bath,  followed  by 
drying  the  dish  to  const  wt  at  105  — 110° 

d ^Permanganate  Reduction.  The  pink  color 
shall  persist  for  at  least  30  mins  when  0.5  ml 
of  0.1N  K permanganate  soln  is  added  to  a 
100  mi  graduate  contg  the  sample.  The  gradu- 
ate is  stoppered  and  the  soln  is  thoroughly 
mixed  before  it  is  allowed  to  stand  at  15° 
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lowing  precautions  shall  be  observed  during 
this  test:  a)Only  glass  stoppers  shall  be 
used  for  the  sample  bottles  and  the  graduate 
b)The  graduate  shall  be  rinsed  with  HCl, 
distilled  w and  a portion  of  sample  just  be- 
fore the  test  c)0nly  freshly  prepd  soln  of 


X permanganate  snail  be  Used  as  die  lower 


oxides  present  in  old  solns  catalyze  the  re- 
action. and  discolor  the  permanganate  d) 
Sample  shall  not  be  placed  in  the  sunlight 
and  e)There  shall  be  no  oxides  of  nitrogen 
or  sulfur  dioxide  present 


e) Specific  Gravity  shall  be  0 7915  to  0.7935 
at  20/20°  when  detd  by  a Westphal  balance, 
chainomatic  balance,  sp  gr  bottle  or  pycno- 
meter 

f)  Alkalinity  as  NaOH  — max  0.001%,  when 
detd  by  titrating  a 50  ml  sample  dissolved 
in  100  ml  water  with  N/10  standard  acid, 
using  methyl  red  as  an  indicator 

g )  Acidity  as AcOH  — max  0.001%,  when 
detd  by  titrating  with  N/10  NaOH  soln  a 
300  mi  s amp ie( previously  reduced  by  vigor- 
ously boiling  to  100  ml)  dissolved  in  300  ml 
distilled  water  neutral  to  phpht 

h ^Aldehydes  — max  trace,  when  detd  by 
shaking  a mixt  of  10  ml  acetone  and  10  ml  w 


with  1 cc  of  the  test  solution(see  below), 
allowing  to  stand  for  1 hr  and  filtering  the 
mixt.  The  filtrate  tested  with  1 ml  of  a 10% 

NaCl  so  In  shall  not  give  more  than  a trace 
of  turbidity 

Note  1:  The  "test  solution'  ’ is  prepd  by 
mixing  1 ml  of  NaOH  soln(9  g in  100  ml  w) 
with  1 ml  of  Ag  nitrate  sotn(9  g in  100  ml  w), 
followed  by  adding  dropw ise  enough  Amm 
hydroxide(d  0.90)  to  just  dissolve  the  ppt 
completely 

Note  2:  Acetone  used  in  manuf  of  pentolite 
may  contain,  according  to  G.D. Clift,  the 
following  amts  of  impurities:  COa  —up  to 
0.05%,  mesityl  oxide  100,000  ppm,  formalde- 
hyde 18500  ppm  and  tar(such  as  produced 
by  the  action  of  alkalies  on  TNT)  1,000  ppm 

Acetone  Intended  for  Use  as  a Reagent  shall 
comply  with  the  requirements  and  undergo 
the  tests  described  in  Reagent  Chemicals 
(1950),24-5(Ref  18) 

Determination  of  Acetone  in  Smokeless  Pro- 
pellants Containing  Also  Alcohol.  This  me- 
thod developed  by  M.Baer  of  PicArsn  is  de- 
scribed in  Ref  17.  Propellant  used  for  this 
detn  contnd  NC(13.2%N)  54.6  NG  35-5,  Et 
Centr  0.9, carbon  black  1.2,  K chloratefcontg 
0.5%  Mg  stearate  & 0,5%  Mg  oxide)  7.6  and 
volatiles  0.2%.  After  investigating  several 
existing  methods  of  detn  of  acetone  and 
finding  most  of  them  unsuitable  for  analysis 
of  the  above  propellant,  Baer  decided  that 
the  most  suitable  would  be  Messinger’ s me- 
thod(see  Refs  1 & 5),  and  for  alcohol  — 
quantitative  oxidation  to  acetic  acid  with  an 
excess  of  Ka  Cra  07  in  Ha  S04  and  titrating 
the  iodine  liberated  by  the  excess  of  dichro- 
mate when  it  is  allowed  to  react  with  KI 
Following  is  the  procedure: 
a)  Assemble  the  digestion  apparatus,  which 
shall  consist  of  two  condensers  vertically 
placed  and  connected  at  their  tops  by  an  in- 
verted U tube.  To  the  lower  end  of  the  1st 
condenser  is  attached  a 1500  ml  flat  bottom 
flask  and  the  tip  of  the  lower  end  of  2nd  con- 
denser is  extended  to  the  bottom  of  a 250  ml 
flat  bottom  flask.  AU  connections  shall 


consist  of  std  ground  glass  joints  b)Cut 
the  sample  into  ca  %"  in  diam  and  l/j" 
length  ns  rapidly  as  possible,  weigh  in  a 
stoppered  bottle(5  g in  case  of  finished  pro- 
pellant and  25  g in  case  of  green  one)  and 
transfer  to  the  1500  ml  flask  of  the  digestion 
apparatus.  Add  500  ml  w,  100  ml  of  30% 

NaOH  so  In,  several  pieces  of  porcelain  to 
prevent  bumping  and  a small  piece  of  paraf- 
fin to  prevent  frothing  c)To  the  250  ml 
flask  of  the  digestion  apparatus(which  is 
marked  to  indicate  vol  of  150  ml),  add  enough 
w to  cover  the  bottom  with  a layer.  Con- 
nect the  digestion  app.  Immerse  this  flask  in 
ice-water  and  let  tap  w run  through  the  2nd 
condenser,  but  keeping  the  1st  condenser 
just  full  but  the  w-  not  running  d)Heat  the 
1500  ml  flask  slowly  so  that  3—4  hrs  will 
be  required  to  collect  150  ml  of  distillate. 

At  the  end  of  this  period  propellant  should  be 
completely  disintegrated, and  if  not  con- 
tinue the  distillation  e)Disconnect  the 
250  ml  flask(receiver)  from  the  2nd  condenser 
and  add  10-15  g oi  anhyd  Na  sulfate.  Con- 
tinue to  keep  the  distillate  in  the  ice-bath  for 
15—20  mins  longer  and  then  filter  by  means  of 
a No  41  Whatman(or  equivalent)  catching  the 
filtrate  in  a 250  ml  volumetric  flask.  Rinse 
the  receiver  flask  and  filter  paper  with  two 
25  ml  portions  of  w catching  the  washings 
in  the  above  vol  flask  f)Allow  the  flask  and 
contents  to  come  to  RT  and  fill  the  flask  to 
the  250  ml  mark  with  w 
Estimation  of  Acetone:  g)Pipette  25  ml  ali- 
quot to  a 250  ml  iodine  flask  contg  50  ml  of 
N/l  NaOH  so  in,  stopper  and  allow  to  stand 
5 mins  h)  Add  from  a burette  about  25%  ex- 
cess of  0. IN  iodine  soln  while  continually 
and  vigorously  swirling  the  flask.  Stopper 
the  flask  and  allow  to  stand  at  least  10  mins 
(20  mins  in  cold  weather) 

Note:  If  the  flask  is  not  swirled  vigorously 
while  adding  iodine  soln  and  if  iodine  is  not 
added  in  25%  excess,  the  reaction  will  not 
go  to  completion  and  much  iodine  remains 
uncombined.  This  will  requite  3 times  as 
much  thiosulfate  on  back  titration  of 
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iodine.  The  excess  of  iodine  may  be  either 
calcd  or  detd  by  preliminary  titration  i)Neu- 
tralize  the  NaOH  by  adding  25  ml  of  2N  sul- 
furic acid  and  then  0.3—0. 4 ml  in  excess. 

Note : If  a larger  excess  of  acid  is  added, 
more  thiosulfate  will  be  required  to  titrate 
the  excess  of  iodine  than  necessary.  The 
exact  amt  of  acid  necessary  for  neutraliza- 
tion of  caustic  may  be  established  by  pre- 
liminary titration  of  50  ml  N/l  caustic  with 
2N  acid  in  presence  of  phpht  indicator 

j) Add  from  a burette,  while  swirling  the 
flask,  0.05N  Na  thiosulfate  soln  until  the 
yel  color  just  remains  visible;  then  add 
some  freshly  prepd  starch  soln  and  continue 
titration  to  the  appearance  of  a bluish  color 

k) Run  a blank  using  the  same  vol  of  iodine 
soln  but  no  sample 

(A-B)  x N x 0.96747 

% Acetone  * . 

W 

where  A =•  ml  of  Na  thiosulfate  soln  used 
to  titrate  a blank,  B = ml  Na  thiosulfate 
soln  to  titrate  the  sample,  N = normality  of 
thiosulfate  soln  and  W * g of  sample  repre- 
sented by  aliquot  portion 

Note:  Analysis  of  alcohol  is  included  here 
because  it  can  be  run  simultaneously  with 
acetone,  using  the  same  distillate 

Estimation  of  Alcohol:  gl)Pipette  25  ml 
aliquot  of  procedure  (f)  to  a 250  ml  flat  bot- 
tom flask  contg  25  ml  w,  cool  the  flask  for 
15  min  in  an  ice-water  bath,  add  ca  0.20  g 
of  K2  Crs  07( accurately  weighed)  and  6 ml 
coned  HaS04  hl)Attach  to  the  flask  (by 
means  of  a ground  glass  joint)  a reflux  con- 
denser* Bring  the  contents  to  a boil  in  10— 

15  mins  and  allow  it  to  boil  for  5 mins 
il)Di sco nnect  the  flask  from  the  condenser 
and  cool  to  RT.  Dilute  the  contents  to 
calOO  ml  with  w,  and  add  3—4  g KI  j1)Stop- 
per  immediately,  agitate  by  swirling  and, 
after  allowing  to  stand  3 mins,  titrate  the 
liberated  iodine  with  std  0.  IN  Na  thiosulfate 
soln  in  the  manner  described  in  proc  (j) 


„ , [A  - (0.049  x B x N)]  x 23*44 

W 

where  A - g of  K2Cr207  used;  B - ml  of 
Na  thiosulfate  soln  used  to  titrate  the  sam- 
ple; N - normality  of  thiosulfate  and  W 1 g 
of  sample  represented  by  aliquot  taken 

Refs( Acetone,  Analytical):  l)A.Messinger, 

Ber21, 2366(1888)  & JSCI  18,138(1889)  2) 
G.Denigds,  JPharmChim9, 7(1899)  & Analyst 
24,92(1899)  (Detn  of  small  quantities  of 
acet,  such  as  in  air,  by  treating  the  sample 
with  a large  excess  of  acidic  mercuric  sul- 
fate and  heating  to  100°.  An  insol  compd 
(2HgSO,.  3HgO),  (C,HeO),  is  deposited. 

This  method  is  also  described  in  Ref  19) 
3)A.Pieroni,  AttiAccadLin  27  11,52-7(1918) 
JSCI  37,749A(1918)&  CA13,789(1919)  4) 
C.F.vanDuin  et  al,  Rec  38,163— 9(1919)  & 

CA  13,2596-7(1919)  5)L.F.Goodwin, 

JACS  42,39— 45(1920) (Analysis  of  acet  by  the 
Messinger  method  was  found  to  be  accurate) 

6)F. Friedmann, SS  16, 121-3(1921)  & CA16, 
343(1922)(Detn  of  acet  in  NG  propellants 
conducted  by  passing  a slow  current  of  C02 
orNj  through  a U cube  filled  with  fine  shav- 
ings of  sample  and  immersed  in  a water  bath 
at  75°.  The  acet  of  sample  is  volatilized 
and  passed  into  burette  filled  with  23%  KOH 
soln,  where  it  is  absorbed.  The  soln  of  KOH 
is  diluted  to  100  ml  and  a 20  ml  aliquot  is 
placed  in  iodine  flask  where  acet  is  detd  by 
the  Messinger  method)  7)M.Marqueyrol 
& P.Loriette,MP  19,362(1922)  & CA  17,1 717 
(1923)(Detn  of  acet  based  on  the  addn  to  a 
soln  contg  sample  K iodide  and  Na  hypochlo- 
rite in  the  presence  of  alkali,  until  the  1st 
appearance  of  free  iodine,  which  may  be  de- 
tected by  starch-bicarbonate  indicator) 

8) M.Morasco,IECl8,701(1920)(The  air  contg 
acet  is  drawn  through  bubblers  contg  0.2% 
hydroxy  lamine  hydrochloride  soln  and  the 
amt  of  ace  t is  estimated  by  titrating  HC1 
liberated  through  the  formation  of  acetoxime, 
with  std  NaOH  in  the  presence  of  methyl 
orange  indicator)(see  also  Refs  15  & 16) 

9) C.  A.  Adams&  J.R.Nicholls,  Analyst  54, 


A39 


5-9(1929)(Analysis  of  mixts  contg  acetone, 
ethanol  8c  isopropanol)  10)H.A.Iddle  & C.E- 
Jackson,AnalChem  6,454— 6(1934)(Acet,  as 
well  as  other  carbonyl  compds,  reacts  quanti- 
tatively with  2,4— dinitrophenylhydrazine  with 
formation  of  solid  hydrazone.  This  procedure 
seems  to  be  only  approximate)  H)F-K-Niki- 
tin,Zh PriklKhim  9,1543-6(1936)(in  Fr)  & 

CA  31,2126(1937)(Rapid  detn  of  acetone  in 
w conducted  by  mixing  1 ml  of  soln  to  test 
with  1 ml  of  0.2%  furfural  and  1 ml  KOH  soln. 
Treat  in  a similar  manner  1 ml  w contg  0.05% 
and  1 ml  w contg  0.025%  serving  as  standards. 

f rtmivirp  rhe  rates  nf  r»r»tn  rtf  samnlp  with 

1 — r r " — r -- 

those  of  standards  and  calc  concn  of  acet 
from  the  formula  given  in  paper.  The  accuracy 
of  the  method  is  ±5%)  12)Kirk  & Othmer, 
1(1947), 92 (Analytical  procedures  and  specs 
for  acet)  13)T.G. Bonner , Analyst  72,434-3 9 
(1947)  14)  W.B.Huckabay  et  al,  AnalChem  19, 

838 — 4!(194?)(2i  refs)  (Optimum  conditions 
for  titrimetric  detn  of  traces  of  acet  in  lique- 
fiea  gases)  15)R.Dalbert  & J.Tranchant, 
MP30,343-5l(  1948)  (Detn  of  acet  & ethyl 
acetate  in  propellants) (36  refs)(After  briefly 
describing  and  criticizing  the  principal  me- 
thods of  detg  acet  in  propellants,  such  as 

tkrtc*.  q f e In  r U gr  q ngyfQ | Sr  Lofi  SttC 

Bonner,  D & T give,on  p349,their  modification 
of  the  oximation  method  described  in  Refs  8 


& 16.  D & T claim  that  their  modification  gives 
accurate  results  and  that  alcohol  and  ethyl 
acetate  do  not  interfere)  l6)Jacobs(1949)> 

619  & 685— 7(Estimation  of  acetone  by  the 

K I- Vi p MpccinoPr  m^fVnd  artH 

* Ci--  * 


by  the  Morasco  method,  called  by  Dalbert  & 
Tranchant  the  oximation  method)(See  also 
Refs  1,5,8  & 15)  17)M.Baer,ChemLabRept 
130,159,”  PicArsn, Dover, NJ(1950)  18)Rea- 

gent  Chemicals(1950),24-5  19)A.Boulegue, 
MSCE  36,257-8(195  1) (Micro  detn  of  acet  in 


air  by  the  method  or  Denises  , described  in 
Ref  2 and  by  the  method  dinitrophenylhydra- 

OrtM  D PilUr  UD 
* V J } ■ 1 • ■ **•'-*,■■»* 


(Anaylsis  of  mixts  contg  acet,  ethyl  acetate 
and  ale  employed  for  prepn  of  some  Fr  pro- 
pellants and  for  recovery  of  some  discarded 


propellants.  In  the  method  of  Pillet,  first  the 
density  of  mixt  is  detd  at  18°,  then  acetone 
by  oximation(see  Ref  15),  ethyl  acetate  by 
saponification  and  ale  by  difference) 


Acetoneallylozonide.  See  Allylacetoneozonide 

A cetoneo i ! jr !pef oxide.  See  A Ilylacetouc peroxide 

Acetone,  Azido  Derivative(Azidoacetone,  Tri- 
azoacetone, Azidopropanone  or  Acetony lazoi- 
mide),  Ns  ■ CH2  • CO  ■ CH„  mw  99.09,  N42.41%. 
Col,  very  refractive  oil  bp  33—5°  at  1 ram 
d 1.1132  at  25/40,  n”°  1.4515(Refs  1 & 2); 

A *>  'l  O _ ^ O fty^C  A \ 1 10  O __  1 

up  ai  £ min  *iy,up  jo  ai  1 uiiii 

(Ref  5);  sol  in  w.  Detonates  on  heating  and 
decomps  in  storage.  Can  be  prepd  by  shaking 
chloroacetone  with  coned  aq  soln  of  Na  azide 
and  a small  amt  of  AcOH 


Refs : IBeil  1,661  & [7201  2)M.  Forster  & 

H.Fierz,  JCS  93,  81(1908)  3)H.Undemann  & 
H.Tiele,  Ber  61,  1529(1928)  & CA  22,  3598(1928) 
4)J.H.  Boyer,  J ACS  73,'5252(  19 5 1) & CA  47, 
490(1953)  5)J-H.  Boyer  & J. Hamer,  J ACS  77, 

953(  1955)  & CA  50,  1827(1956) 

Acetone,  Diazido  Derivative  or  l,3-Diazido~ 
2-propanone,  Ns  * CH2  • CO  • CH2  ■ mw  140.11, 
N59.99%  - not  found  in  Beii  or  CA  through  1956 


Acetoneazidoacetylhydrazlde,  called  in  Ger 
Acetyl-[azidoacet]-hydrazid  or  Isopropropyliden- 
[azidoacetyl]-hydrazine(CHj)2C:N  -NJH  • CO  — 
CH2  -N„  mw  155.16,  N45.14%.  Wh  ndls  (from 
acet),  mp  114°.  Was  prepd  from  azidoacetic 
anhvdride  and  acetone.  Mo  info  on  exrd 

^ - — r _ r ■ 1 — 


Refs:  l)Beil  2,(101)  2)Th.Curtius  & A.Bock- 


A c mn/inin 


Acetone- [4‘brompheny  I hydrazonej-peroxtde 

(Peroxyd  des  Aceton-p-bromophenylhydrazons, 
in  Ger),  (CHj)2  C-N-NH*C6H4Br,  mw  259.16, 

d. 


NIO.81%,  OB  to  C02  -132.7%,  OB  to  CO -77.1%. 
Yei, unstable  prisms  from  Iigroin,  mp  45—4  7° 
with  decomp;  expl  on  heating.  Sol  in  most  org 
solvents.  Can  be  prepd  by  passing  air  through 
cold,  agitated  acetone-[4-bromophenylhydrazone], 
suspended  in  ligroin(Ref  2) 


Refs : l)BeilI5,435  & 117  2)P.C*Freer,Ber 
30,737(1897)  3)M.Busch  & W.Dietz,Ber  47, 
3289-90(1914) 

Acetone  Compound,  CJ4Ha  2 JN„0#,  (No  struc- 
tural formula  given),  mw  658.56,  N38.29%, 

Kr  f <yK  f i/p  I If  tit.  Vac  nf^rvl  K\r  rvMirin  o 

v;  r““M6 

into  ice  cold  nitric  acid  (d  1.5),  cooling  and 
adding  to  the  resulting  oil  an  exce  ss  of  am- 
monia. Its  trinitro  derivative,  G,  4Hl9N2<Ol2 , 

(No  structural  formula  given),  mw  793.59,  N 
37.07%,  yel  ndls,  mp  193-5°,  was  prepd  by 
dissolving  compd  C24H22N1#06  in  nitric 
acid  (d  1.5)  and  pouring  immediately  into 
water.  No  expl  props  of  either  compd  were 
mentioned 

Refs:  l)BeiI  1,647  & 648  2)H.Apetz  & C.Hell, 

TS=,07  020  o.  C\A^f  1 QO/< \ 

***■*«  isjs  ix  r/ 

Acetone  Compounds  of  Pentoerythritol  are 

J * t _ l i _ _ r /%_.! r»  . /in  i i/  i o/  1 A'lON 

ucsuidcu  dy  L.uroiuerfDW  q ioy  l io—  l ovi7^°/- 
None  of  them  is  an  explosive 

Acetonedi  peroxide.  See  Acetone  peroxide, 
Dimeric 

Acetonedifeirazyi  Azide.  See  under  Acetonyi 
azidotetrazoles 

5*Acetonehydrazone-a(lH)-  tetrozole,  called 
Acetone  5-tetrazolylhydrazone  by  Benson, 
(Tetrazolon-iso-propyliden-  hydra zon,  in  Ger), 
(CHs)3C:N-NH-ONH-N,  mw  140.15, 

it  it 

II  II 

N N 

N 59.97%,  Ob  to  COj  -137.0%.  Cry  St,  mp 
181.5°*  SI  sol  in  w;  sol  in  acet,  ale  and  Et 
acet.  Was  prepd  from  5-hydrazinotetrazole 
hydrochloride  and  acetone  in  die  presence  of 
Na  ace  tate.  Its  expl  props  were  not  examined 

Refs : l)Beil  26,425  2)J. Thiele  & H. Ingle, 
Ann287, 23 7(1897)  3)F.R.Benson,‘  ChemRevs 


rinsing  the  residue  with  acet  and  drying  the 
crucible  in  an  oven  to  const  wt,  it  is  re- 
weigh ed(W2 ) 

% Acetone  Insoluble  ° (_Va  _ 10Q_ 

W 

(See  also  under  individual  compounds) 

Acetonemonotetrazyiozide.  See  under  Acetonyp 
azidotetrazoles 

Acetone,  Nitration.  Krauz  & Stepanek(Ref  1) 
attempted  to  prepare  tetr an itro methane  by 
nitration  of  acetone,  but  failed.  Instead,  they 
obtained  (after  treating  the  resulting  product 
with  a silver  salt)  a very  expl  solid  claimed 
to  be  Ag  salt  of  '* acetylmethylnitrolic  acid' , 
also  called  n-  nitro-  n-isonitroso-acetone. 

Hass  & Hudgin(Ref  3)  nitrated  acet,  using  a 
vapor-phase  nitration  technique  described  in 
Ref  2.  The  high -boiling  fractn  from  the  nitra- 
tion gave  an  odor  of  acetic  acid,  an  acidic 
reaction  in  aq  soln,  a red  color  with  ferric 
chloride  and  a yel  salt  with  Ag  nitrate  soln, 

■ r* V*  tti  n n ti,  4/or  c/\  I nrt  ^ vf  14  1 Tn  m 

niiivii  j ft  ovi  (uiu  putiiuiij  uvwvui|/m 

on  distil.  Attempts  at  its  further  purificn  and 
prepn  of  other  derivs  were  unsuccessful,  pri- 
marily due  to  instability  of  the  compd.  The 
paper(Ref  3)  does  not  give  the  compn  of  high 
boiling  fraction  of  nitration  and  does  not 
state  whether  the  substance  was  solid  or  liq- 
uid 

(See  also  Nitroacetone,  described  below) 

Refs:  1)C. Krauz  & J.Stepanek,ChemObzor 
10,137-40(1935)  & CA  30,3403(1936)  2)H.B. 
Hass,  E.B. Hodge  8c  B.M.Vanderbilt,  IEC  28, 
339(1936)  3)H.B.Hass  & D.  E. Hud  gin,  J ACS 
7A  0,  A AQ  P7Q£f1  0*0 

*•*»  ■»'!“'  y > // 

Acetone  nitrile.  See  Acetonitrile 


Acetone  Insoluble  Test  is  one  of  the  stand- 
ard tests  for  detg  the  purity  of  expls  and  pro- 
pellants. It  is  conducted  by  dissolving  a 
weighed  amt  of  sample(W)  in  measured  vol- 
of  acet  at  RT  and  filtering  the  soln  through 


Acetone,  Nitro  Deri vative(Nitroace tone  or 
Nitropropanone),  CH,  ■ CO*  CH2  N02 , mw 
103*08,  N 13.59%,  OB  to  C02  -85.4%,  OB  to 
CO  —38.8%.  Plates  or  ndls,  mp  49—50°,  bp 
103  — 104°  at  24  mm  or  185—190°  with  decompn 
when  heated  rapidly  in  small  quantities  under 
atm  press.  Si  sol  in  w,  soi  in'aic  sc  eth  and 
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very  sol  in  benz.  It  was  prepd  in  1899  by 
Lucas(Ref  4)  from  iodoacetone  and  Ag  ni- 
trate in  ethereal  Soln  at  0°.  This  is  an  indi- 
rect method  of  prepn  as  were  the  methods  of 
HarriesfRef  S)  and  Wieland  Si  Bloek(Ref  6)= 

It  was  claimed  by  Henry(Ref  2)  that  0.  de 
Battice  prepd  nitroacetone  in  1895  in  Bel- 
gium by  oxidation  of  nitroisopropanol  with 
chromic  mixture.  Henry  described  the  compd 
as  a col,  mobile  iiq  with  a sharp  odor,  a 1.070 
at  14°,  bp  152°  at  767  mm  and  insol  in  w. 
Lucas  claimedfRef  It  that  the  comnd  de- 
scribed  by  Henry  was  not  nitroacetone,  but 
this  statement  was  disputed  by  Henry(Ref  4). 
Harries  also  claimed(Ref  5)  that  the  compd 
described  by  Henry  is  not  nitroacetone 
More  recently,  Hass  & Hudgin(Ref  7) 
claimed  that  they  had  isolated  some  nitro- 
acetone from  the  high-boiling  fraction  of  the 
vapor-phase  nitration  of  acetone  but  it  is  not 
clear  from  their  paper  whether  the  substance 
was  liq  or  solid.  Hurd  & NilsonfRef  8)  prepd 
nitroacetone  as  pale-green  crysts,  mp  47°, 
by  oxidizing  I— nitro—2— propanoi  with  sodium 
dichromate  and  sulfuric  acid.  The  yield  was 
of  theoretical.  The  explosibility  of  this 
compd  was  not  mentioned 

Refs:  l)Beii  1,661  2)L. Henry ,Rec  17,399- 
402(1898)  3)A. Lucas, Ber32, 604  & 3179(1899) 
4)L. Henry.  Bet 32,86  5(1899)  5)CHar_ries. 

Ann  319,251  & 255(1901)  6)H. Wieland  & S. 
Block, Ann  340,83(1905)  7)H.B.Hass  & E.E. 
Hudgin,JACS76, 2694(1954)  & CA  49,8786(1955) 
8)C.D.Hurd  & M.E.NilsonJOC  20,931(1955) 
&CA  50,6310(1956) 

Acetone  Oxime.  See  Acetoxime 


Acetone,  Ozonization.  According  to  Schroeter 
(Ref  1)  a product  contg  active  0 was  prepd 
by  treating  acetone  with  ozonized  0 or  air. 

No  compn  was  given.  Briner  & Meier  (Ref  2) 
attempted  to  ozonize  acet  in  a gaseous  form, 
but  instead  of  prepg  an  acet  ozonide,  they 


conducted  ozonization  of  acet  in  solns. 
Schroeter  (Ref  4)  conducted  ozonization  of 
acet  in  the  presence  of  org  catalysts,  partic- 
ularly ether.  No  compns  of  resulting  products 
were  given 


Refs : 1)G. Schroeter,  Ger  P 495,021(1927) 

& CA  25,  1922(1931)  2)E.Briner  & R.Meier, 
Heiv  12,  552(1929)  3)j.Doevre,  BuliFr 
[4]  45,  140(1929)  4)G. Schroeter,  GerP 
557,516(1933)  Sl  CA  28,  783(1934) 

ACETONE  PEROXIDES 

Two  peroxides  are  known,  dimeric  and 
trimeric 

Acetoneperoxide,  Dimeric  or  Diacetone  Dl- 

peroxide(Acetonediperoxide,  Dimeric  Ace- 
toneperoxide,  Acetonedimer  peroxide,  Cycio- 
diacetone  Peroxide  or  Dicycloacetone  Perox- 
ide) (Was  called  in  Ger  Dimolekulares- 
aceton-superoxyd,  Po ly meres -ace tonsuperoxyd 
or  3.3  6.6— Tetramethyl—  1. 2.4.5 — tetraoxan), 

00 

/ \ 

ffH.vr  . C(CH,)„ . mw  148.16.  QB  to 

00  CO,  -151.2?S,  OB  to 

CO  —86.4%.  Col  prisms(from  Et  acet),  rap 
131.5 -133°»  very  volat.  Insol  in  w and  dil 
acids  & alkalies,  unaffected  by  boiling  in  w 
for  6 hrs.  Was  prepd  by  Baeyer  & Villiger 
(Ref  2)  by  treating  a cooled  ethereal  soln 
of  acet  with  Caro’ s reagent(prepd  by  rub- 
bing K persulfate  with  coned  sulfuric  acid 
and  then  adding  K sulfate).  Pastereau(Ref  3) 
prepd  the  peroxide  by  treating  acetone  with 
2%  hydrogen  peroxide  in  sulfuric  acid  soln. 
Other  methods  of  prepn(including  ozonization 
of  acet)  are  given  in  Refs  4, 5, 7, 8 and  in 
some  of  the  addnl  refs 

Phillips(Ref  6)  attempted  to  prepare  the 
dimeric  acet  peroxide  by  the  method  of  Ref  2 
but  obtained  the  trimeric  form  instead.  How- 
ever, he  succeeded  in  preparing  the  dimeric 
form  by  using  the  following  method;  5 ml  of 
acetone  was  mixed  with  2 ml  of  30%  hydro- 
gen peroxide(Baker’ s Analyzed)  and  cooled 
to  5°  in  an  icc  bath.  Then  3 ml  of  dil  sul- 
furic acid(4: 1),  was  added  at  such  a rate 
that  the  temp  rose  to  50°  but  was  not  al- 
lowed to  exceed  60°(by  temporarily  cooling 
the  mixt  in  an  ice  bath).  The  material  sepa- 
rated as  an  oily  liq  which  tended  to  float 
on  the  watery  layer.  It  was  purified  by  dis- 
solving it  in  ether,  washing  the  ethereal 
soln  three  times  with  w and  finally  evaporat- 
ing on  a steam  bath  with  a slow  current  of 

air  The  resulting  white  srdid  was  dried  fnr 
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2 hrs  and  bottled.  It  explodes  violently  on 
heating,  impact  or  friction 

Following  props(Ref  6)  of  dimeric  acetone 
peroxide  were  detd  at  PicArsn:  action  with 
match  flame  — a slight  puff;  brisance  by 
sand  test  — 30.1  g sand  crushed  when  0.4  g 
of  peroxide  was  initiated  with  0.2  g MF,  vs 
48.0  g sand  crushed  by  0.4  g TNT;  impact 
sensitivity,  BurMinesApp  with  2 kg  wt  — 

7 cm,  vs  604-  for  TNT;  minimum  detonating 
charge  in  sand  test  - 0. 19  g MF;  volatility 
— 66.4%  loss  of  wt  at  RT  after  14  days  and 
complete  volatilization  without  residue  after 

3 hrs  at  75° 

Its  toxicity  is  unknown  and  fire  & expin 
hazards  are  moderate(Ref  11) 

Rohrlich  & Sauermilch(Ref  6a)  say  that  high 
sensitivity  and  extreme  volatility  of  dimeric 
peroxide  exclude  it  from  practical  considera- 
tion. It  was  recommended,  however,  by  Nahsen 
(Addnl  Ref  a)  for  use  in  fuzes,  detonators 
and  caps  and  by  Thiemann(Addnl  Ref  c)  as 
an  additive  to  Diesel  fuels 

Refs:  l)Beil1,645  & [714]  and  19,435(under 
the  name  of  3.3 .6.6—  Tetramethyl-1. 2.4.5— 
tetroxan)  2)A.Baeyer&  V-Villiger,Ber32, 
3632(1899)  & 33,  124,  854  & 2480(1900) 
3)J.Pastereau,  CR  140,1592(1905)  & JCS  881, 
572(1905)  4)A.Rieche,  "Alky lperoxyde  und 
Ozonide,’ ' Steinkopf,Dresden(1931),  84(Re- 
produced  by  Edwards  Bros, Ann  Arbor, Mich) 

5) A.Rieche  & K.Koch,fier75, 1016-28(1942) 

6) A.J. Phillips,  PATR  1202(1942)  6a) 

M. Rohrlich  & W.Sauermilch.sS  38,98(1943) 

7) K.I.Ivanov  et  a!,ZhurObshKhim  16,1003 

(1946)  8)R.Criegee  et  al.Ann  565,9-13(1949) 
9)Kirk  & Othmer10(I953)(flot  found  under 
Peroxides)  10)Tobolsky  & Mesrobian(1954)t 
171  & 179  ll)Sax(1957),  234(liq  peroxide 

which  is  probably  a mixt  of  di-  and  trimeric 
peroxides) 

Addnl  Refs  on  Dimeric  Acetone  Peroxide: 
a)Sprengwer ke  Dr  R. Nahsen,  GerP  423,176 
(1925)  & BritCA,  SectB(I926),  p 6l3(Use  of 
acetone  peroxides  in  fuzes,  detonators  and 
caps  in  lieu  of  MF)  b)N.V.de  Bataafsche 
Petroleum  Maatschappij,  BritP  444,544(1936) 


& CA  30,5588(1936);  GerP  671,012(1939)  & 

CA  33,3399(1939)[Acetone  peroxides,  as 
well  as  peroxides  of  higher  mol  wt  ketones, 
may  be  prepd  by  treating  a ketone  with 
hydrogen  peroxide  (obtained  by  hydrolysis 
of  HjSjOj  or  a persulfate  in  the  reaction 
bath)  at  low  temp  in  the  presence  of  a strong 
acid  and  a stabilizer,  such  as  urea.  The  re- 
sulting peroxide  is  extracted  with  gasoline) 

c) A. E. Thiemann,  AutomobiltechnZ  45,454—7 
(1942)  & CA  38,2803(1944)  (Acet  peroxide 
dimer  and  trimer  are  claimed  to  be  effective 
ignition  promoters  when  added  to  Diesel  fuels) 

d) I.N.Nazarov  & I.N. Azerbaiev,  ZhurObsKhim 
18,414-23(1948)  & CA  43, 114(1949) (Dimeric 
acet  peroxide,  together  with  other  compds, 
was  obtained  on  ozonization  of  3,3 — dim  ethyl- 
ally  lchlo ride  in  methyl  chloride  soln)  e) 
Y.M.Slobodin  et  al, ZhurObshKhim  23,1873— 7 
(1953  )&  CA49,192(1955)(Dimeric  acet  perox- 
ide was  obtained  together  with  other  products 
on  ozonolysis  of  5— chloro—  2— methyl— 2— pentene) 

f) R.Criegee  & G.Lohaus,Ann  583,6—11(1953) 

& CA49,1588(I955)(Dimeric  acet  peroxide 
was  obtained  by  ozonization  of  freshly  prepd 
tetramethylethylene  in  Et  chloride  at  -60°) 

g) M.Kolobielski,  CR  237,1717-18(1953)  & 

CA  49, l696(1955XOzonization  of  one  of  the 

acetylene  derivatives  gave  mixes  of  a dimeric 
and  trimeric  acet  peroxides)  h)N.A.Mi!as  et 
al,  JACS  77,2537(1955)  & CA  50(Prepn  of 
diacetone  peroxide  by  ozonization  of  olefins 
in  the  presence  of  carbonium  ions) 

Acetone  peroxide,  Trimeric  or  Tri  acetone 
Triperoxide  (Acetonetriperoxide,  Trimeric 
Acetoneperoxide,  Acetonetrimer  Peroxide, 
Cyclorri  ace  tone  Peroxide,  or  Tricycloacetone 
Peroxide)(CalIed  by  Wolfenstein  Tricyclo- 
aceton-superoxyd  and  by  Rohrlich  and  Sauer- 
milch  Trizycloazetonperoxyd), 

0— C(CH,)j  -O 

I ! 

0 0 

I i 

(CHs)2  C— O — 0 — C(CHs)j , 

mw  222.23,  OB  to  C02  -151.2%,  OB  to  CO 

—86.4%.  Col  volat  crysts(from  eth),  mp  94—5° 
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(Ref  3);  ndls,  mp  96. 5°(Ref  l,p  714  or  crysts, 
mp  98.5ttRef  9);  d 1.2(Ref  4);  volat  with  w 
vapor;  non-hygroscopic.  Insol  in  w,  acids  & 
alkalies  and  unaffected  by  boiling  in  w for 
6 hrs;  decorapd  by  hot  dil  sulfuric  acid.  It 
is  diff  sol  in  methanol,  glycerin  & isoamyl 
ale.  Its  soly  in  some  org  solvents  at  17°  is 
as  follows:  absol  ale  0.15,  ether  5.5,  acet 
9.15,  C disulfide  9.97,  C tetrachloride  24.8, 
trichloroethylene  22.7,  benz  18.0,  pyridine 
15.4,  chlf  42.5  St  petr  eth  7.35%(Ref  13) 

Trimeric  acetone  triperoxide  was  first 
prepd  by  Wolfenstein(Ref  2)  from  acet,  50% 
hydrogen  peroxide  and  a small  amt  of  phos- 
phoric acid.  This  method  required  4 weeks. 
Much  simpler  and  more  rapid  was  the  method 
of  Baeyer  & ViIliger(Ref  3),  which  consisted 
of  adding(with  cooling)  coned  HCl  to  a mixt 
contg  equal  amts  of  acet  and  50%  hydrogen 
peroxide.  More  recent  methods  of  prepo  are 
given  in  Refs  7,9,10,11,13,14  and  in  some 
of  the  additional  references.  The  method  of 
prepn  used  at  PicArsn  is  described  in  Ref 
10.  In  this,  5 ml  of  acet  were  mixed  with  2 ml 
of  30%  hydrogen  peroxide( Baker*  s Analyzed) 
and  cooled  to  5°  in  an  ice  bath.  Then  3 ml  of 
dil  sulfuric  acid(4:l)  was  added  dropwise, 
the  temp  not  being  allowed  to  rise  above  10° 
The  white  flocculent  ppt  which  formed  in- 
stantly was  shaken  out  with  ether  and  the 
ethereal  soln  was  washed  3 times  in  a sepa- 
ratory funnel  with  cold  w.  The  ether  was 
evapd  on  a steam  bath  using  a slow  current 
of  air  and  the  crysts  of  peroxide  were  air 
dried  for  3 hours 

The  proced  used  by  Ficheroulle  & Kovache 
(Ref  13)  consisted  of  adding  in  small  portions 
a total  of  5 cc  of  coned  sulfuric  acid  to  a 
small  flask  contg  16  g of  acet  (wellcooled  in 
ice  w).  The  flask  was  shaken  vigorously  af- 
ter each  addn  and  the  temp  was  not  allowed 
to  rise  above  25°.  A total  of  32  g of  45% 
hydrogen  peroxide  was  added  in  small  por- 
tions while  the  flask  was  kept  in  ice-w  and 


then  the  mixt  was  allowed  to  stand  overnight. 
The  crysts  were  then  separated  by  filtration 
and,  after  rinsing  them  with  a large  amt  of 
ice  w,  were  dried  in  a desiccator  over  an- 
hyd  Ca  chloride 

Trimeric  acetone  peroxide  expld  violently 
on  heating,  impact  or  friction.  It  is  highly 
brisant  and  very  sensitive.  It  may  be  detond 
under  water  or  when  it  contains  up  to  25% 
of  moisture(Ref  15) 

Its  expl  and  some  other  props  were  deter- 
mined in  Germany(Refs  4 & 11),  France(Refs 
7 & 13),  USA(Ref  10)  and  Russia(Refs  12 
& 15) 

Following  are  some  properties: 

Action  of  flame,  burned  violently  and  some- 
times detond 

Action  of  beat,  as  detd  by  Patry(Ref  7)  by 
placing  small  samples  of  ca  0.005g  on  a 
’'block  Maquenne,’  ’ the  sample  melted  at 
97°  and  then  up  to  245°  it  vaporized  without 
decompn;  between  245  & 250°,  it  either  de- 
compd  without  flame,  burned  with  smoky 
flame,  or  deton;  between  250  & 285°  it  deton 
vigorously;  betewen  285  & 305°  it  behaved 
in  a manner  similar  to  that  described  for  the 
245—250°  range;  over  305°  it  ignited  with  a 
smoky  flame  without  deton 

Brisance  by  the  Lead  Plate  Test  was  detd 
by  Rohrlich  and  Sauermilch  (Ref  11)  with 
caps  contg  as  top  charge:  0.05,  0.1,  0.2  or 
0.3  g trimeric  peroxide(compressed  to 
250  kg/cm2),  an  intermediate  charge  of  0.3  g 
PETN(compressed  to  250  kg/cm2)  and  a base 
charge  of  0.5  g PETN(compressed  to 
500  kg/cm1).  The  holes  punched  by  these 
caps  were  comparable  to  those  produced  by 
No  8 caps 

Brisance  by  the  Sand  Test  was  detd  by  Phil- 
Iips(Ref  10)  using  0.4  g sample  initiated  with 
0.2  g MF.  The  amt  of  sand  crushed  was 
34.1  g(TNT  48.0  g) 

Burning  rate  at  1 atm  of  a highly  compressed 
cylinder  of  peroxide  - 0.95  cm/sec(Ref  12) 
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Compatibility  with  explosives . Equal  wt  of 


~ ^3  „,;*U  DA  VMT  DHV  DCTM  — , T 
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KC10,,  AN,  or  Sb2S3,  stored  for  40  days  at 
50°,  registered  loss  of  wt  equal  to  about  50% 
due  to  complete  volatilization  of  the  peroxide  ; 
there  was  no  decompn  of  PA,  TNT,  etc(Ref  13) 


Compatibility  luith  metals.  Strips  of  metals 
(Cu,  Al,  Zn,  Sn,  brass  or  Fe)  stored  with  per- 
oxide for  15  days  showed  no  signs  of  corro- 
sion: a slight  corrosion  was  observed  with 
lead(Ref  13) 


Detonation  velocity  - 5290  m/sec  as  detnd  in 
column  6.3  mm  diam  and  d 1.2(Ref  4);  3065 
m/secr  as  detnd  in  a column  15  mm  diam  and 
with  d 0.68(Ref  11);  3750  at  d 0.92  and  5300 
at  d 1. 18(Ref  5a) 


Friction  sensitivity . Extremely  sensitive 
(Rer  4a) 


Impact  sensitivity  with  Bur  of  Mines  App  and 
500  g wt,  10  cm(Ref  10) 

Impact  sensitivity  with  the  French  app  called 
"petit  mouton”  using  50  g wt,  15  cm  for  50% 
detonations(Ref  13) 

Note : Results  of  impact  sensitivity  tests  show 
that  acetone  triperoxide  is  one  of  the  most 
sensitive  explosives  known 

Initiation  test.  A 0.05  g charge  of  peroxide, 
compressed  at  250  kg/cm2,  caused  PETN  to 
detonate.  When  compression  of  the  peroxide 
was  increased  to  500  kg/cm2  partial  failures 
resuhedfRef  11);  min  chge  of  peroxide  to 
detonate  TNT  at  d 1.35  in  Cu  tube  0.16g(Ref5a) 


Power  by  the  Trauzl  Test.  A 10  g sample  gave 
expansion  of  250  cc  vs  285  cc  for  TNT(Ref  11) 

Minimum  detonating  charge  of  MF  in  the  sand 
test  0.  iy  g(Ref  10) 

Toxicity,  Fire  & Explosion  Hazards  are  dis- 
cussed in  Ref’18 

Volatility.  Sublimes  even  at  ord  temp(14— 18°), 
losing  about  6.5%  of  its  wt  in  24  hrs(Ref  11); 


loses  68.6%  of  its  wt  in  14  days  at  room 

. /ri  _ f 1 nv  1 1 eiw  ! _ 1 t e nO 

icmp(rvci  1 yj)\  *ii  £ ui  ^ ;u 

(Ref  11),  loses  100%  in  3 hrs(Ref  10).  At 
100°  it  volatilizes  very  rapidly,  depositing 
fine  needles  on  the  cover(Ref  11) 

Uses.  Ii  has  been  rccoirjiTjcnucu  for  use  in 
primers,  detonators,  etc(Refs  13,14  & a), 

Knf  tn  if c hioli  vnlatv  and  hi  <r h 

■'"*  — — — J — 

tivity  it  does  not  seem  very  desirable  for 
military  use 


Refs  on  Trimeric  Acetone  Peroxide:  l)Beil 
1,645  & L714]  2)R.  Woifen stein ,Ber  28,2265 

(1895)  3)A.Baeyer  & V.Villiger,Ber32, 

t t 0/  i n r\n \ o_  OO  nen  o.  ■5/J'oa/  1 OAAl  A \ A » 
jvytyioyy;  <x  a **^1x1^11, 

Jahresber  CTR  5,111(1926)  & 6,100(1927) 
4a)F.Schoofs  & M.Bohet,CA  23,5008(1929) 
5)A.Rieche,  "Alkylperoxide  und  Ozonide/ ’ 

Ste in kopf,Dresden(  1931) (Reproduced  by 
Edwards  Bros,  Ann  Arbor.Mich)  5a)H.Muraour, 

Bull  Fr[4],51, 1157(1932)  5b)Pepin  Lehalleur 
(1935).137  6)A.Rieche,  "Die  Bedeutung  der 
organischen  Peroxyd  fur  die  chemische 
Wissenschaft  und  Technik,’  ' Enke, Stuttgart 
(1936)  7)M.Patry,SS  32,177  & 231(1937) 

**  -I  tn^/^1 1 CA  ni  a/i  a;a\ 

ojw^uiiuicy  ci  aiy  j iy\  Lyqu) 

9)A.Rieche  & K.Koch,Ber75, 1016-28(1942) 


im  a 1 p;. 
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Report  1202(1942)  I l)M.Rohrlich  & W.  Sauer- 
milch, SS  38,97— 9(1943)  12)A.F. Belyaev  & 

E.E. Belyaeva,  DoklAkadN  52,503-5(1946) 
13)H.Ficheroulle  & A.Kovache,  MP  31,20— 
21(1949)  14)C.E.Mavrodi,BritP  620,498 
(1949)  & CA43, 6418(1949)  15)K.I.Ivanov 
et  al , ZhurObshKhim  16, 1003(1949)  16)Kirk 
& Othmerl0(1953)  (not  found  under  Peroxides) 

17) Tobolsky  & Mesrobian(1954),  172  & 179 

18) Sax(1957),234 


Addnl  Refs  on  Trimeric  Acetone  Peroxide: 
a)Sprengstoffwerke  Dr  Nahsen,GerP  423, 
176(1925)  Si  Brit  C A, Sect  B,  1926, 613  (use 
of  acet  peroxide  in  detonators,  caps  and 
fuzes  in  lieu  of  MF)  b)A.E.Thiemann,CbZtr 
194211,2757— 8(Acet  peroxides  are  claimed 
to  be  effective  ignition  promoters  when  added 
to  Diesel  fuels)  c)R.Acree  & H.L. Haller, 
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JACS65, 1652-3(1943)  (Small  quantities  of 


**  mr 


Ka 


hi  i*^v 


propyl  alcohol  left  standing  for  several  years. 
This  peroxide  might  be  a cause  of  explosions 
of  stored  isopropyl  alcohol,  occasionally  re- 
ported in  literature)  d)G^velot  & Gaupilat, 

FrP  893,941(1944)  &CA  47,8374(1953)  (Tri- 
meric  acet  peroxide  combined  with  PA  and 
RDX  gave  explosives  of  high  power  and 
velocity  of  detonation.  Such  mixts  were  less 
sensitive  to  shock  than  ordinary  primary  ex- 
plosives. A still  higher  vel  of  detn  may  be 
achieved  by  replacing  the  metaIlic(Cu  or 
brass)  container  for  explosives  by  a flamma- 
ble plastic  tube  which  incorporates  some  ex- 
plosive, eg  NC  + black  powder)  e)F. I.  Bere- 
zovskaya et  al,  ZhurFizKhiml 8, 321 —8(1944) 

& CA  39,2024(1945)  (Effect  of  catalytic  addns 
on  the  decomp  of  acet  peroxide  is  discussed) 
f )M.Ko lobie lski ,CR  237,1717-18(1935)  & CA 
49,1696(1955)  [Mixt  of  trimeric  and  dimeric 
peroxides  may  be  obtained  by  total  ozoniza- 
tion  of  2, 2, 3, 5-tetramethyl-2-(/3,/3 -dimethyl- 
vinyl)— 2.3— <3  ihy  dr  of  uran] 

Aeetonepicrylhydrazone  or  Acetone-(2,4,6- 
tr»nltrophenyIhydrazone)(CH,)a  C:N-NH*- 


^ a ^ “1  - 


CtfKi(N02)3t  raw  ici  or  orn 

ndls,  mp  ca  125°,  dec  ca  130°.  Was  prepd  by 
heating  picryl  hydrazine  with  acetone  in  ale 
or  AcOH  so  In.  No  info  on  expl  props 

Refs:  l)Beil  15,495  2)T.Curtius  & G.M. 
Dedicheri,  JPraktChem 50, 274(1894) 

Acetonetetrazyl  Azide.  See  under  Acetooyl- 
tetrazoles  and  Derivatives 


A cetonetri peroxide.  See  Acetone  Peroxide, 
Trimeric 


ACETONITRILE  AND  DERIVATIVES 

Acetonitrile,  Cyanomethane  or  Methyl  Cya- 
nide (Ethanenitrile  or  Methanecarbanitrile). 
CHjCN,  mw  41.05,  N34.12%,  OB  to  COa 
—214.4%,  OB  to  CO  -136.4%.  Col  liq,  fr  p 
-41°  to  -44°,  bp  ca  82°,  d 0.7828  at  20° /4°, 

□ ^16.5  I.3496,  vap  press  100  mm  at  27°, 


p 

fl  p(Cleveland  open  cup)  55°F,  Qc  304 

keal/mol,  — 16  kcal/mol(Refs  2 & 3) 

Qv  detd  at  PicArsn,  1324  cal/g  with  w liq 

(Ref  3a).  Miscible  with  w,  ale  & eth.  Can  be 
prepd  by  dehydration  of  acetamide  or  by 
other  methods.  Used  as  a solvent  for  many 
org  compdsfamong  them  RDX,  HMX,  etc)  and 
as  a starting  material  for  the  prepn  of  some 
org  corapds.  Its  toxicity  and  fire  hazard  are 
discussed  in  Ref  6.  The  expl  hazard  is 
great  when  acetonitrile  is  exposed  to  heat, 
flame  or  cnem  reactions  with  oxidizers,  ic 
forms  an  azeotrope  with  water 

Refs:  l)Bell  2,183,(84)  & [ 1S1J  2)J. Thomas, 
ZPhysChem  52,348(1905)  3)P.Lemoult,  CR 
148,1602(1909)  3a)L.E.Newman,PACLR123, 
718(1948)  (U)  4)Kirk  & Othmer  9(1952), 367 
5)Merck(1952),8  6)Sax(  19571,764  & 888-9 


Acetonitrile,  Azido  Derivative  (Azidoaceto- 


'j  '-**a 


mw  82.07,  N68.28%.  Col  liq,  bp  53°  at  12  ram, 
deflagrates  when  dropped  on  hot  plate.  Was 
prepd  from  ch  loro  acetonitrile  and  Na  azide  in 
aq  ale 


Refs:  l)Beil  — not  found  2)K.Freudenberg 
et  al, Ber  65B, 1188(1932)  &CA  26,5071(1932) 
(no  other  refs  in  CA  through  1956) 


Mononitroacetonitrile,  Nitrocyanomethane  or 
Nitromethyl cyanide  (Nitro ethanenitrile) 

Oa  N ■ CHj  -CN,  mw  86.05,  N 32.56%,  OB  to 
C02  —55.8%,  OB  to  CO  —18.6%.  Yel  volat 
oil,  bp— dec  on  heating,  d 1.36  at  18°.  Can 
be  prepd  by  acidifying  with  su  if  uric  acid  its 
Amm  salt,  which  in  turn  can  be  obtained  by 
treating  nitro acetaidoxime(methazonic  acid) 
with  thionyl  chloride(sulfurous  oxychloride), 
SOClj  in  ether(Ref  2).  It  can  also  be  prepd 
by  dehydration  of  nitroacetaldoxime.  Its  lead 
block  expansion  value,  according  to  Blatt 
(Ref  3), is  90%  of  FA 

Nitroacetonitrile  forms  sparingly  sol  salts 
some  of  which  are  expl,  eg,  silver  salt, 

AgC2  HNj  04  , brn  ppt,  obtained  by  treating 
Amm  nitroacetonitrile  with  Ag  nitrate 
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Refs:  l)Beil  2,227  & (100)  2)W.Steinkopf 
et  al  Ber4 1,1 04 8-9(1 908)  & 42,619(1909) 
3)A.H.  Blatt  et  al,  OSRD  2014(1944) 

Dinitroacetonitrile  or  Dinitrocyanomethane 

(Dinitroethanenitrile),  (02N)2CH*CN,  mw 

131.05,  N 32.07%,  OB  to  C02  -6.1  %,  OB  to 
CO  +18,3%.  Solid,  expl  on  heating  or  impact. 
It  was  prepd  in  impure  state  in  1861  by 
Schisckoff  on  acidifying  its  Amm  salt  with 
aq  sulfuric  acid  and  extracting  with  ether. 

The  Amm  salt  was  obtained  by  treating  tri- 
nitroacetonitrile(qv)  with  hydrogen  sulfide: 

C2  N(NOa ),  + 4 H2  S - C2  N(N02  )2  (NH4)  + 4S  + 
2H2  0 

Dinitroacetonitrile  forms  salts,  some  of 
which  are  expl,  eg,  silver  salt,  AgC2Ns04, 
expl  violently  on  impact 

Treatment  of  dinitroacetonitrile  or  its 
Amm  salt  with  fuming  nitric  acid  gave  the 
trinitroacetonitrile  described  below 

Refs:  l)Beil  2,228-9  2)L.Schischkoff, 
Ann  119,249— 50(186 l)(not  in  CA  through  1956) 

Trinitroacetonitrile  or  Trinitrocyanomethane 

(Trinitroethanenitrile),  (02N)}  C-CN,  mw 

176.05,  N 31.83%,  OB  to  C02  +18,2%,  OB  to 
CO  +36.4%.  Yel  volat  crysts  with  pungent 
odor,  mp  41.5°  and  expl  on  rapid  heating 
ca  220°(Refs  1 & 2);  sol  in  eth,  decomp  by 
w or  ale.  Was  first  obtained  in  1857  by 
Schischkoff  on  treating  Na  fulminurate  with 
mixed  fuming  nitric— sulfuric  acid  in  the  cold 
(Ref  3).  The  same  investigator  obtained  it 

in  1861  from  dinitroacetonitrile  and  its  Amm 
salt(Ref  3) 

According  to  Blatt(Ref  4)  its  lead  block 
expansion  value  is  182%  of  PA  and  FI(fig- 
ure  of  insensitivity)6%  PA 

Following  props  were  detd  at  PicArsn  and 
given  in  unclassified  reports(Refs  5 & 6): 

V 

Q 1324  cal/g  with  w liq  and  982  cal/g  with 


Refs:  l)Bei  12,229  2)L. Schischkoff,  AnnChim 
Phys[3], 49, 310(1857)  & Ann  101,215(1857) 

3 )Ib id , Ann  119,250(1861)  4)A.H.  Blatt  et  al, 
OSRD  2014(1944)  5)L.E.Newman,  Pic 
ArsnChemLabRept  123,718(1948)  6)H. 

Anderson  & H. Vaughan,  Ibid  123,975(1948) 


ACETONYLACETONE  AND  DERIVATIVES 


Acetonylacetone  or  1,2— Diaeetylethane 

(2.5—  DiVetohexane  or  2,5 — Heranedione), 


HjC  * CO— CH2  ♦ CHa  -CO  • CHj,  mw  114.14, 
OB  to  C02  -210.3%,  OB  to  CO  -126.2%. 
Col  liq,  d 0.9737  at  20°/4°,  mp  ca  -9°, 
bp  194°  754  mm,  vap  press  0.43  mm  at 

20°,  n^D  1.4232.  Sol  in  w,  ale  & eth.  Can 


be  prepd  by  gently  boiling  2,5— dimethylfuran 
for  36  hrs  with  an  aq  soln  of  AcOH  and  sul- 
furic acid,  followed  by  addn  of  Na  acetate  to 
convert  the  acid  to  Na  suifate(Ref  2) 


Its  chromium  salt  was  proposed  as  a compo- 
nent(up  to  3%  by  wt)  of  some  nitroparaf fin-gel 
compns(such  as  prepd  by  blending  nitromethane 
with  10—50%  NC)  used  either  as  steadily  burn- 
ing rocket  fuels  or  as  expls.  In  the  latter  case, 
a sensitizer,  eg  an  org  amine,  can  be  added. 

It  is  claimed  that  Cr  acetylacetonate  improves 
the  ignition  of  nitroparaffin  gels(Ref  3) 


Refs:  l)Bei]  1,788,(405)  & [841]  2)OrgSynth, 
CollVol  2(1943), 219-20  3)H.Maisner,USP 

2,712,989(1955)  & CA  49,14325(1955) 

Acetonylacetone/Azido-  and  Diazldo-Deriva- 
fives  — not  found  in  Beil  or  CA  through  1956 


Mononitroacetonylacetone  and  Dinitroacetonyl- 
acetone  — not  found  in  Beil  or  CA  through  1956 


ACETONYLTETRAZOLES  AND  DERIVATIVES 


5-Acetonyl-a(lH)-tefrazole  (C-Acetonyl— 
tetrazol  or  Acetessig— tetrazotsaure,  in  Ger)} 

CH, • CO ■ CHa  -C-NH-N,  mw  126.12,  N44.43%, 


w vapor;  impact  sensitivity,  BurMines  app 
with  2 kg  wt  1 5 cm  or  less 

Trinitroacetonitrile  is  a very  powerful  expl, 
and  may  be  suitable  for  use  in  primers  and 
detonators 


II  li 

N N 

OB  to  C02  -126.9%-  Crysts,  mp  114°,  easily 
sol  in  w or  ale.  Can  be  prepd  by  heating  1,3— 
dioxotetramethyleneotetrazole—  2—  carboxamide 
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with  w,  eliminating  2 molecules  of  CO,  (Ref  2) 

Re/s;  1)  Beil  — not  found  2)G.Schroeter  & 
E.Finck.Ber  71,683-4(1938)  3)F.R.Benson, 
ChemRevs  41,6(1947) 

Acetonylazidotetrazole  or  Azidoocetonyl- 
tetrazole,  called  by  Friederich  Acetonemono- 
tetrozylazide,  C4HsN40*Ns  (no  structural 
formula  given  in  CA),  mw  167.14,  N 58.67%, 
OB  to  C0a  -90.9%,  OB  to  CO  -5  2.7%.  Solid, 
explodes  on  heating.  Cao  be  prepd  by  inter- 
action of  mono  ch  loro  ace  tone  with  tetrazyla- 
zide 

It  was  claimed  by  Friederich  & Dynamit 
A— G to  he  a nowerful  exnl.  which  can  he  used 

— r ■ - - - 

either  alone  or  in  combination  with  other 
expls,  such  as  RDX,  PETN  & tetryl,  or  as  a 
primary  compd  in  detonators.  Usual  consti- 
tuents of  primary  mixts  such  as  tetracene, 

Ca  silicide,  glass  powder,  Sb  sulfide,  Pb 
dioxide,  Ba  nitrate,  etc  may  be  admixed  with 
ace  tony  la  zidotetr  azole 

Refs:  l)W.Friederich,USP  2,170,943(1939) 
&CA  34,265(1940)  2)Dynamit  A-G,FrP  841, 
768(1939)  &CA  34,4574(1940)  3)Dynamit 
A-G(BrP  510,992(1939)  &CA  34,5664(1940) 
4)W. Friederich ,GerP  695,254(1940)  &CA  35, 
5318(1941) 

Aeetonylnzidoditetrozole,  called  by  Friederich 
Acetoneditetrazylaxide,  (N,CN4)— H,  C • CO  •“ 

CHj  — (N^CN,),  mw  276.19  .N  71.01%,  OB  to 
C02  -63.7%,  OB  to  CO  -34.8%.  Solid,  expl 
on  heating.  Was  prepd  by  interaction  of  sym- 
dichloroacetone,  Cl  * H,  C • CO  • CH,  • Ci  with 
2 mols  of  tetrazyl  azide 

It  was  patented  by  Friederich  & Dynamit 
A— G for  the  same  purposes  as  acetonyl- 
azidotetrazole 

Refs : — same  as  above 

A ceto- Perchloric  Acid  Mixtures.  See  Perchlo- 
ric Acid— Acetic  Anhydride— Water  Mixtures 

ACETOPHENONE  AND  DERIVATIVES 
Acetophenone  or  Methyl  phenyl  ketone(  Acetyl- 
benzene  or  Hypnone)(AcPh  or  MeCOPh), 


CHS . CO . C,H, , mw  120. 14,  OB  to  CO* 
-253.0%,  OB  to  CO  -146.5%.  Col  crysts, 
mp  20.5°,  bp  202° (83.5°  at  12  mm),  d 1.0266 
at  25/25°,  n2D°°  1.5337,  fl  p 221°F(140.5°) 
(Ref  5).  Insol  in  w but  miscible  with  all 
common  org  solvents.  According  to  Kirk  & 
Othmer(Ref  2),  it  was  first  prepd  in  1857  by 
Fnedel  hv  distn  of  a isixt  of  Ca  benzoate 
and  Ca  acetate.  Commercially, acetophenone 
is  prepd  by  the  Friedel— Crafts  reaction  us- 
ing benz.AI  chloride  and  acetic  anhydride. 

It  is  an  excellent  solvent  for  NC(Ref  3),  as 
well  as  for  other  cellulose  esters  & ethers 
(Ref  2).  Its  toxicity  is  unknown  and  its  fire 
hazard  is  siight  when  exposed  to  heat  or 
flame.  It  can  react  with  oxidizing  materials 

Refs:  l)Beil  7,271,(146)  &[208]  2)Kirk  & 
Othmerl(1947),95-7  3)Durrans(1957),186- 
4)Sax(1957),235 

Acetophenone,  Azido  Deri  votive  s,C«H,NsO, 
mw  161.16,  N26.07%.  Two  isomers  are  de- 
scribed in  the  literature:  -Aridoaceto- 

phenone,  Triaxo acetophenone,  Phenacyl 
Azide,  Benzoylozidomethane,  N, -CH,  • CO  “ 
C6Hs  plates  (from  eth  + petr  eth),  mp  17°. 
Reacts  very  explosively  with  coned  sulfuric 
acid.  Was  prepd  by  prolonged  shaking  of 
m-bro  mo  acetophenone  with  Na  azide  in  aq 
ale,  with  cooling 

Refs:  l)Beil 7,(154)  2)M.O.Forster  & R. Mul- 
ler, JCS  97,140(1910)  & CA  4,1606-7(1910) 
3)J  .H. Boyer, JACS  74,4507(1952) 

2-Azidoocetophenone  or  1-Acetyl-2-azido- 
benzene,  CH,  • CO  ♦ C6H4  ♦ N,,  crysts(from 
ligroin),  mp  22— 22.5° ■ Can  be  prepd  by  treat- 
ing (2—  acetyl— ben  zenediazo)— hydroxy  lamide 
CH,  ♦ CO  • C4H4  -N  :N  • NH  • OH  with  dil  sulfuric 

arid.  No  to  its  exnl  nrons 

--  --  - t - r jr  - 

Refs:  l)Beil7,[225— 6]  2)J.Meisenheimer 
er  al, Ber  60,1746  - 7(1927)  3)J.H.Boyer  & 

D. Straw, JACS  75,2684(1953)  & CA  48,7583 
(1954) 
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Drazidoocetophenone,  C,H6ON4>  mw  202.18, 
N41.57%.  One  isomer,  called  o-azidopken- 
acylazide , Ns  ■ CH2  * CO  • C6H4  • Ns,  wh  ndls, 
mp  37—8°  was  prepd  by  Boyer  & Straw  by 
treating  a dil  acid  soln  of  diazotized  o- 
amino-phenacylazide  with  a si  molar  excess 

: j „ a i . 

\jl  na  az.iu^«  i lu  at  j o J. O wao  uui 

because  the  compd  immediately  showed  signs 
of  decompn 

Refs:  l)Beil  — not  found  2)J.H. Boyer  & 

D.Straw  JACS75, 2684(1953)  & CA48,7583 
(1954) 

L-_._ ..  II  MA  — i/'c  i t 

iTivnviiiiiuuv^iupii^iiuii^af  in  w iu 

N8.48%.  Following  isomers  are  listed  in 
Beil  : 2-,3";4-nitroaceto.-phenones,CH.*CO-- 
C4H4-N02,pp  288,(153)  & [222-33  and  w- 
nitro-acetophenone,(02  N)CHa  • CO  ■ C6HS , 
pp  289  & (153)*  None  of  these  compds  or 
their  salts  is  expl.  The  5-nitro-isomer  listed 
in  CA46, 8630(1952)  is  actually  the 
listed  in  Beil 


Refs:  l)Beil  7, [2253  2)A.Sonn  & W. Billow, 
Ber58, 1697(1925)  & CA 20, 376(1926) 

Te  tranitroacetophenone,  C8H4N40#  was  not 
found  in  Beil  or  CA  through  1956 

Acetophenone— (4- bromophenylhydra  zone)- 
peroxide,  called  in  Ger  Peroxyd  des  Aceto- 
phenon— p—brom  phenyl— hydrazon, 

CHj 

^ C-N  ■ NH  • C6H4  • Br,  mw  321.18,  N 
C4HS  ^ \)2  10.26%,  OB 

to  COj  —162.0%.  Yel  unstable  ndls  or  prisms, 

mh  ^C  = 0°  pvn I An  nr  cl-Qnr3  in  c a 1 

-***  — y > '—r-  — &j 

in  most  org  solvents.  Can  be  prepd  by  passing 
air  through  cold,  agitated  acetophenone —(4— 
bromophenylhydrazone)jSUspended  in  petr  eth. 
No  refs  to  its  expl  props 

Refs:  l)BeiM5,437  & (118)  2)P.C. Freer, 

Ber30.737(1897)  3)M. Busch  & W.Dietz. 

Ber47, 3290-1(1914) 


Dinitroacetophenone  s,CaHeN2  O,  , mw  210.14%, 
N13.33%.  Following  isomers  are  listed  in 
Beil  7: 

2.4— Dinitroacetophenone,  CHS  • CO  ■ C6H,(N02  )2  , 
yel  oil,  p 154 

3.5— DinilToacetophenone,  CHS  • CO  • C6Hs(N02  )2 , 
ndls  or  plates,  mp  82—4°,  p 290 

4,co  —Dinitro acetophenone,  (02  N)  • CHj  * CO  « — 
C8H4(N02),  It  yel  plates,  mp  148-148.5°, 
p291.  No  expl  props  were  reported 


▲ I A U X.T  A 1 X 

I rinuruutuiwpin7iiwiic»j  it sw7,  ljj* 


N 16.47%,  OB  to  C02  -72.1%  & OB  to  CO 
—21.9%.  Only  one  isomer  is  described  in  the 


literature: 


5— Acefophenoneh  yara  zone— a(lH)—  fei  razole 
or  5— [(  Methyfphenylmethylene)-hydrazine]- 
a(lH)— tetrazole,  called  in  Get  Tetrazolon— 
a— phenathylidenhydrazon  or  5— a— Phenathyli- 
denhydrazinotetrazol, 

CHj 

^C-N-NH-C-NH-N.  r) 

/ it  ii'  ? 

C6Hg  . N N 

N41.56%,  OB  to  C02  -182.0%.  Crysts, 
mp  235°;  si  sol  in  ale  & nearly  insol  in  w. 

W'ic  nrprsf3  Ku  ffp'ihno  S 7<nn rr  ( 1 H ^ 

,r — i — c ^ *■/'** \ 

tetrazolehydrochloride  with  acetophenone  at 
RT.  No  refs  to  its  expl  props 

Refs:  l)Beil26,406  2)J. Thiele  & H.Inge, 

Ann  287, 2 36(1 895)  3)F.R.Benson,ChemRevs 
41,8(1947) 


2,4,6-Tfinitroacetophenone,  CH,  • CO  ■" 

C4H2(N02)3,  orange-red  crysts,  mp  90-2°(dec); 


OUl  in  11UL  TV  TT  1111  UV  will^ll  ******  *■*  ***vwi. 

solvents  except  eth.  Was  prepd  by  the  action 
of  an  ethereal  soln  of  diazomethane  on  trini- 
trobenzaldehyde.  Its  expl  props  have  not  been 
detd 


Acetophenoneperoxide  Dimeric,  or  Diaceto- 
phenone Dtperoxide,CHs  02  CH, 

\ / \ / 

"c  'C 

/ \ / \ 

C4Hj  02  C6Hs 
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mw  272.29,  OB  to  C02  -211.5%-  Col  crysts, 
mp  185-6°(Ref  3),  182-3°(Refs  2 & 4),  181-2° 
(Ref  5).  Was  first  prepa  by  heating  1-methyl- 
T phenyl  ozonide  in  AcOH  (Ref  2).  Other 

rtf  rr/>nn  r i**  £,1  vpn  in  Rrf  <?  ^ A R.’  S 
a--~ -i  ■?  — - ' 

No  refs  to  its  expl  props 

Refs:  1)  Beil— nor  found  2)C.  Harries, 

Ann  390,265-6(1912)  3)W.  Oil  they  et  al, 

JPraktChem  154,  234(1940)  4)N.A.Miias 
et  al,  J ACS  77,2537  & 2540(  1955);  CA  50, 
5512(1956)  5)T.Yokoyama  & Y.Yukawa, 
MemlnstScilndResearch, Osaka  Univ  12, 
159(1955)(in  Engl)  & CA  50,  16716(1956) 

ACETOPHENON EOXIME  AND 
DERIVATIVES 


ACETOTETRAZACYCLOOCTANE  OR 
ACETYUOCTAHYDROTETRAZINE 

Akin  nCDlUATIUCC 

MM  k/  1/  L.  r\l  T M I I T 

]-Aceto-l,3,5,7-t«trazacyelobctone  or 
1 -Acetyl-  1, 3, 5,7- le  train  Cycled  ct  an  e. 


CH2 . NH  . CH,  x 

H3C.CO.N  ' NH,  mw 

VCH2.NH.  CH/ 

158.20,  N 35.42%.  May  be  considered  as  the 
parent  compd  of  derivs  which  follow 


Refs — nut  fuii lj u.  in  jjeii  Of  A ui  fGugil  iv'ju 


j _* _ n^M  ^ - r*  a a-U me/ 


1- Aceto-3,7-d»nitro-5-ni  tro  to- 1, 3, 5,7-tetra- 
zacyclooctane  or  l-Acetyl-3,7-dinitro-5- 
ni  tro  to*  1, 3, 5,7-tetraza  cydooctane, 


Acetophenoneoxime  or  Methylphenylketoxime, 

CH3.  Q:NOH).  C6Hs  ,ndls,  mp  58.5-59°,  is 
described  in  Beil  7,  278-9,  (150)  & [ 216] 
Acetophenoneoxime,  Azido  Derivative  (Azido 
acetophenoneoxime  or  Triazoacetophenone- 
oxime),  Nj.  CH2.  Q:NOH).  CeHs,  mw  176.18, 


A 7 *J  1 rtA)  07  D nl  a ,r  <kl  A I I I /'h  r-A  111  ^ n A f K I 

M ji.OU/0-  L y t-X  Ull  VY  I 1 1 V,  II  WiAAU  HVfc  d 

crystallized.  Was  p rep d from  azidoaceto- 
phenone  and  hydroxylamine  as  described 
in  Ref  2.  No  refs  to  its  expl  props 


Refs:  l)Beil  7,(  154)  2)M.O,  Forster  & R. 

Muller,  JCS  97,141-2(1910)  & CA  4,1607 
(1910) 


Acetophenoneoxime,  Di  azido  Derivative, 
CBH7N70— not  found  in  Beil  or  CA  through 
1956 


Mononitro  acetophenoneoximes,  CgHgNjOj, 
mw  180.16,  N 15.55%-  Several  isomers  are 
listed  in  Beil  7,  28S,  289,(153)  & [222] 


Dint troac etopbenon eoxinte s,  Cgh^NjOj  , mw 

225. 16, N  18.66%.  Several  isomers  are  listed 
in  Beil  7,290,2yi  &(154) 
Trinitroacetophenoneoximes,  CjHgN407,  mw 

270.16,  N20.74%.Not  found  in  Beil  or  CA 
through  1956 

Acetophenyiamine.  See  Aminoacetophenone 

Acetophenylnitromine.  See  Nitramino aceto- 
phenone under  Aminoacetophenone 


,CH,.N(NO,).CH 

H.CCO.N.  N(NO), 


r u M/wn  \ ru 

*1 . *2 


mw  277.20,  N 35.30%,  OB  to  C02  -66.4%, 

OB  to  CO  -31.8%.  Crysts,  mp  180°  with 
froching,  volat  completely  at  190°-  It  was 

nroF\i-i  ku  efirrint,  f It  for  IS  1lf&.  A SI  I S- 

j ©,  ---  --  -r 

pension  of  1,5-methylene  3, 7-dinitro- 1, 3, 5,7- 
tetraza  cydooctane  in  a mixt  of  nitrosyl 
chloride  and  Ac20 

When  oxidized  it  yields  the  expl  product 
which  follows 


Refs:  l)Beil— not  found  2)W.  E.  Bachmann 

& N.C.DenoJACS  73,2778(1951) 

1-Aceto-3,-5;7-trini  tro-1.3f5.7-tetraxo  cyclo- 
octane or  l-AcetyI-3,5,7-trinitr©-l,3,5,7- 
tetrazacyclooctane, 


Hj  C . CO  . N 


CH2 . N(N02) . CH2 

v NfNO.Y 

S CH2.N(N02).  ch/ 


designated  as  SEX  and  QDX  and  also  called 
1- Acetyl-3,5, 7-trinitroBctahydro-s-tetrazine, 
l-Acetyloctahydro-3, 5,7-trinitro-l#  3,5,7- 
tetrazocine,  or  Octahydro-l-acetyl-3,5,7- 
trinitro-s-tetrazocine,  mw  293-20,  N33. 44%, 
OB  to  C02  -57.3%,  OB  to  CO  -24.6%.  Crysts 
mp  224.2-224.7°  with  frothing;  can  be  detond 
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by  a hammer  blow  (Ref  4).  SI  sol  in  pyridine, 
acet  & nitiomethane;  nearly  insol  in  ale,  benz, 
AcOH  & eth.  It  is  usually  formed  during 
nitrolysis  of  hexamine  (Refs  3 & 4),  but  can 
also  be  prepd  by  other  methods,  such  as  oxi- 
dation of  l-aceto-3,7-dinitro-5*nitroso-l,3, 5,7* 
tetrazacyclobctane,  either  with  absol  nitric 
acid  at  40° or  with  a mixt  of  absol  nitric  with 
hydrogen  peroxide  (30%  strength)  (Ref  6). 

Goes  over  (25%)  to  HMX  on  treatment  with 
98%  nitric  acid  at  5° (Refs  3 & 4).  X-ray 
diffraction  spectra  of  SEX  are  given  in 
Ref  2,  UV  absorption  spectra  in  Refs  5 & 7 
and  analytical  procedures  in  Ref  8 
Refs:  l)BeiI— bot  found  2)A.Soldate& 

R. Noyes,  AnalChem  19,  442-4(1947)  & CA 
41,6105(1947)  3)W.J. Chute  et  al, CanJRes 

27  S,  515(1949)  4)  E.  Aristoff  et  al,  Ibid 

27B,  533*4(1949)  5)R.N. Jones  & D. Thorn, 

Ibid  278,  831(1949)  6)W.  E.  Bachmann  et 

al,  J ACS  73, 2778(19 51)  7)W.Schroeder 
et  al,  AnalChem  23,1742(1951)  8)E.W. 

Malmberg  et  al,  AnalChem  25,901(1953) 

Acetotetroxononanediol acetate  and  Deriva- 

tlves,See  Acetyldi acetoxytetrazanonane  and 
Derivatives 

Acetotoluide  or  Acetotoiudide.  See  Acetr 
amidotoluene  and  Derivatives 

ACETOTRI AZACYCLOHEXANE  OR 
ACETYLHEXAHYDROTRlAZINE 
AND  DERIVATIVES 

1- Aceto-1,3, 5-trioxacyclohexane  or  1-Aeetyl- 
1,3, 5-triazacyciohexane, 

CH.-NH 

H C.  CO . N " ^ CH2, 

" CH2— NH 

mw  129.1b,  N32.  54%.  May  be  considered  as 
the  parent  compd  of  the  dinitro-deriv  which 
follows 

Refs:  not  found  in  Beil  or  CA  through  1956 

l-Aceto-3,5-dinitro-lf3, S-triazacyclohexane; 

1 -Acetyl -3, 5-dinitro-  s-trlazine;  1 -Acetyl - 


3,5-dinitro-l,3,5-triozacyclohexane  or  1,5- 
Di  ni  tro-  3- ac ety M , 3, 5-  tYi  a zi  n e;  de  si gn  at e d 
as  TAX, 

„ CHj— N(NOj) 

H3C.CO.N  ,ch2 

CHj— N(NOj) 

mw  219.16,  N 31-9%  OB  to  C02  -69.4%,  OB 
to  CO  -32.9%-  Crysts,  mp  156-8°,  sol  in  acet, 
ale  and  acet-alc  mixts.  It  is  one  of  the  products 
of  nitrolysis  of  hexamine  and  was  first  prepd 
in  Canada.  It  also  can  be  prepd  from  3,5-di- 
nitro  -3,5-di azapiperidinium  nitrate  and  by 
other  methods  described  in  Refs  4&6.  Cy- 
cionite  in  38%  yield  may  be  obtained  by  treat- 
ing TAX  with  nitric  acid  as  described  in  Ref  3. 

Its  UV  absorption  spectra  are  given  in  Refs 
5&7  and  analytical  procedures  in  Ref  8 

Refs:  I)BeiI— not  found  2)W.J. Chute  et 

al,  CanJRes  27  B,  515,517(1949)  A CA43, 
9074(1949)  3)E.  Aristoff  et  al,  CanJRes 

27 B, 5 34- 5(1949)  & CA  43,9075(1949)  4)F. 

Chapman  et  al  JCS  1949, 1640  & CA  44, 
1412(1950)  5)R.N.Jones,G.O.  Thorn,  Can 
JRes  27  8,843(1949)  & CA  44  2848(1950  6) 

K.W.  Downing  & W.J.  Downing,  JCS  1950, 
2923,2930  &CA  45,  6443-4(1951)  7)W. 

Schroeder  et  al,  AnalChem  23,1742(1951)  & 

CA  46,5434(1952)  8) E.  Malmberg  et  al. 

AnalChem  25,901(1953)  & CA  47,  12095(1953) 

Acetotrinltrotetrazacyclooctqne.  See  under 
A ceto tetrazacyclobctane  and  Derivatives 

ACETOXIME  AND  DERIVATIVES 

Acetoxime  or  Acetone  Oxime(2-Propanone 
Oxime  or  Dimethyl  Ketoxime),  mw  73.00, 

N 19.16%,  OB  to  C02  -164.  2%,  Col  crysts, 
mp  61°,  bp  136.6°,  d0.97  at  20o/20°,  QP 
490.5  kcal/mol,Qf  12.6  keal/mol;  sol  in  w, 
ale,  eth  & pet  eth.  Can  be  prepd  by  shaking 
an  aq  soln  of  hydro xylamine  with  acet  and 
extracting  acetoxime  with  ether  (Ref  3),  The 
product  cannot  be  obtained  in  a perfectly  dry 
condition  without  considerable  loss  by 
volatilization  (Ref  2).  It  can  be  used  as  a 
solvent  for  cellulose  ethers;  as  an  intermediate 
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in  org  synthesis  and  as  a primer  for  Diesel 
fuels 

Acetoxime  is  the  simplest  ketoxime.  It 
occurs  in  two  isomeric  forms: 

R'  -C-R(anei)and  R’  — C— R(syn), 

NOH  HON 

where  R1  is  a radical  of  greater  weight  than 
R 

Refs:  l)Beil  1,649,(344)  & [716]  2)P. 

Landrieu,  CR  140,867(1905)  3)OrgSynth, 
CollVol  1(1941), 318- 20  4)Hackh(l944),  9 

5)Merck(  1952),  9 6)CondChemDict(l956) 

10  ' 

Acetoxime,Aildo  Deri  votive  (Azido  acetoxime, 
Triazoacetoxime  or  1- Azi  do -2-prop  an  eoxime), 
CH, . C(:NOH) . CHa . N„  mw]  14. 11,  N49. 10%. 
Col  oil,  bp  84°  at  2 mm  with  partial  decompn. 
Was  prepd  from  azidoacetone  and  hydroxyl- 
amine  hydrochloride  in  aq  soln  contg  some 
soda  ash.  When  an  attempt  was  made  to  distil 
50g  of  azidoacetoxime  at  2 mm,  about  25  g 
distilled  off  at  84°  while  the  residue  in  the 
flask  gradually  darkened  and  then  violently 
exploded 

Refs:  l)Beil  1,661  2)M.O.  Forster  & H.  E. 

Fierz,  JCS  93,83(1908) 

Acetoxime,  Diazido  Derivative,  CsHsNtO- 
not  found  in  Beil  or  CA  through  1956 
Mononitroacetoxime,  CHS . C(:NOH) . CH2  .N02, 
mw  118.09,  N23.72%  is  listed  in  Beil  1,661 

Dinitroacetoxime,  02N  . CH2 . C(:NOH) . CH2 . 
NOj,  mw  163.09,  N 25.77%— not  found  in  Beil 
or  CA  through  1956 

ACET0XYD1PHENYL  AMINE 
AND  DERIVATIVES 

Ac  e to  xy  diphenyl  amine,  CH3 . COO  . CeH4 
NH . C6H5.  May  be  considered  as  the  parent 
compd  of  di-,  tri-,  and  tetranitro-  derivs, 
listed  below 

Refs- not  found  in  Beil  or  CA  through  1956 

Azidoacetoxydiphenylamine,  C,4H12N40j  and 
Diazidoacetosy  diphenyl  amine,  C14HuN702  — 
not  found  in  Beil  or  CA  through  1956 


M.ononitroacetoxydiphenylamine,  C14//12N204- 
not  found  in  Beil  or  CA  through  1956 

Dinitroacetoxydiphenylamine  C^H^NjOj. 
Several  isomers  are  listed  in  Beil  13, 

366  & 446 

T rini  tro  ac  e to  xy  diphenyl  amine, 

C,4H10N4O#>  mw  362.25,  N 15.47%.  Sev- 
eral isomers  are  described  in  Beil  13, 

366  & 446,  none  of  them  explosive 

Tetronitroacetoxy  diphenyl amine,  CI4H5,N5O10, 
mw  407.25,  Nl7.20%.  Following  isomer  listed 
in  Beil 

x,x,  2'  ,4 1 -T etranitro-4-acetoxydiphenylamine, 

CH3 . COO  . C4H2(N02)2 . NH  . C4H3(N01)J,  yel 
ndls  (from  aq  acet),  which  brown  at  155°  & 
melt  at  161°;  sol  in  acet,  chlf,  benz  & AcOH; 
di ff  sol  in  alc;sl  sol  in  eth  and  insol  in  ligroin. 
Was  prepd  by  nitrating  2'  ,4' -dinitro-4- 
acetoxydiphenylamine  with  fuming  nitric  acid. 
No  ref  to  its  expl  props 

Refs:  l)Beil  13,5  32  2)F.Reverdin  & E. 

Deletra,  Ber  37,  1731(1904) 

Note:  No  higher  nitrated  compds  are  listed 
in  Beil  or  CA  through  1956 

ACE  TO  XY  ETHO  XYT  R!  AZAH  EP  TAN  E 
AND  DERIVATIVES 

l- Acetoxy-7 -ethaxy-2>  4, 6-triazahepthane  > 

CHS . COO-CHj . NH . CHa  - NH  . CH2 . NH  . CH2~ 

— O.C2  H,  ,may  be  considered  as  the  parent 
compd  of  the  trinitro-  deriv  described  below 

Refs-  not  found  in  Beil  or  CA  through  1956 

1-  Ac etoxy-7- ethoxy- 2,4, 6-trlnltro-2, 4,6- 

triaioheptone,  CHS . COO-CH2 . N(NQ2) 

CH2 . N(N02) . CH2 . N(N02) . CH2-OC2Hs , mw 
340.26,  N 24.70%,  OB  to  CO2~70.5%,  OB  to  CO 
"32.9%.  Crysts,  mp  106-7°.  Was  obtained  by 
Chute  et  al  as  one  of  the  products  of  nitrolysis 
of  hexamine.  No  refs  to  its  expl  props 

Refs:  1) Beil — not  found  2)W.J. Chute  et 

al,  CanJRes  27B,504  & 513(1949);CA  43, 
9074(1949) 
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ACETQXYMETHYLTETRAZACYCLO- 
OCTAHE  AND  DERIVATIVES 


1—Acetoxymethyl- 1, 3, 3,  7-tetrazacyclooctane, 
H2C-N(CHj.  OOC.  CH3)-CHj,  may  be 

f ! N — CH2 — NH  — CH2— Nil 


considered  as  the  parent  compd  of  trinitro- 
deriv  described  below 

Refs:  not  found  in  Beil  or  CA  through  1956 

1 -Acetoxymethyl-3,5,7.trinitro-l,  3,5,7- 
tetrazacyclo  octane 

H2C-N(CH2.00C.  CH3)-CH2 

02N.N~CH2-N(N02)-CH2-N  . no„ 
rnw  323.23,  N30.34%,  OB  to  C02~6l.9%,  OB 
to  CO  -27.2%.  Crysts,  mp  152°(when  heated 
rapidly).  No  suitable  solvent  for  its  recrystn 
has  been  found.  It  was  obtained  on  nitrolysis 
and  acetylation  of  DPT  (l,5-methyiene-3,7- 
dinicro-l,3,5,7-tetrazacyclob‘ctane) 

Acetoxymethyltrinitroeriazacyclodctane 
reacts  with  a mixt  of  HN03  and  Ac20  to  give 
a linear  tetranitramine,  l,9-diacetoxy-2,4,6,8- 
tetranitro-2,4,6,8-tetrazanone(qv)  (scission  of 
the  8-membered  ring  takes  place).  When  AN 
was  present  in  the  HN03-Ac20  mixt,  the  ring 
remained  intact  and  the  cyclic  tetranitramine, 
3(  5 (7-tetranitro- 1,3, 5, 7-tetrazacy  clo- 
octane)  was  formed  in  good  yield 

Refs:  1) B ei  1 — not  found  2)W.  E.Bachmann 

& E.Jenner,  JACS  73,2773-4(1951)  & CA  46, 
2085(1952)  3)^-E.Bachmann  & N.Deno, 
JACS  73,2778(1951)  & CA  46,2085(1952) 

ACETOXYMETHYLTRIAZACYCLO- 
HEXANE  AND  DERIVATIVES 


l-Acetoxymetbyl-l,3,5-triazacyclobexane, 
H aC-N(CHj.OOC.  CHj)-CH2 

HN  CH2 NH 

may  be  considered  as  the  parent  compd  of 
dinitro-  deriv  described  below 

Refs:  not  found  in  Beil  or  CA  through  1956 


H^'NfCHj.OOC.CHjJ-CHj 
OaN.N CH2 N.NO,  * 

mw  249.19,  N 28.11%,  OB  to  C02  "73.8%, 

OB  to  CO  -35.3%.  Crysts,  mp  143.7-144.7; 
sol  in  acet,  insol  in  w or  petr  eth.  Was  ob- 
tained by  Chute  et  al  as  one  of  the  products  of 
nitrolysi  s of  hexamine.  No  refs  to  its  expl  props 

Refs:  l)Beil— not  found  2)W.J. Chute  et 

al,  CanJRes  27B,  506  & 517-18(1949);  CA 
43,9074(1949) 

ACETOXYNAPHTHALENE 
AND  DERIVATIVES 

Acetoxynapbtkalene  or  Napbthylacetate, 
called  in  Beil  E ssigsaure  -naphthylester, 
CHjCOO . Cl0H7.  Two  isomers  a-  and  ft-  are 
described  in  Beil  6,  608, 644,  (307,  313) 

& [580,  6001 

Acetoxynaphtbalene,  Azido  Derivative, 

CHj . COO.Cl0Hfi  . N3  and  Diazido  Derivative 
CHj  . COO . Cl0H5  (N3)j— not  found  in  Beil 
or  CA  through  1956 

Mononitroacetoxynapbtbalene,  C12H,N04. 

Four  isomers:  2-nitro- I-acetoxy-,  5-ni/ro-l- 
acetoxy-,  l-nitrO’2~acetoxy-  and,  fi-«*7ro-2- 
acetoxy~naphtbalene  are  described  in  Beil 
6,  615,  616,  654  & 655 

Dinitroacetoxynapbtbalene,  CJ2pj4N206.  One 
isomer,  2,4-dinitro- l~acetoxynapbtbalene  is 
listed  in  Beil  6,  [587] 

Trinitroacetoxynapbthalene,  CHS.  COO  .- 
CjoM/NOj^,  mw  321.20,  N13.08%-not  found 
in  Beil  or  CA  through  1956 

Tetranitroacetoxynaphthalene,  Cl2H4N40lD, 
mw  366.20,  N15.30%.  Following  isomer  is 
listed  in  the  literature: 

2,4,5,7-Tetranitro-l-acetoxynaphthalene, 

also  called  in  Beil  [2,4,5,7-naphthyl-(l)]- 
acetat,  CH3 . COO . CeH(N02)2:C*H2(N02)2. 
Crysts  (from  AcOH),  mp  l63-5°(dec).  Was 
prepd  by  treating  4-ben zeneazo-a-n aphthyl- 
1-acetate  with  nitric  acid  (d  1.42).  No  ref 
to  its  expl  props 


l-Acetoxymethyl-3,5-dini»ro-1,3,5-trioia- 

cyclohexane. 


Refs:  l)Beil  6,  [587]  2)R.Meldola  & G. 

T. Morgan,  JCS  55,609(1889) 
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Note:  No  higher  nitrated  derivs  were  found  in 
Beil  or  CA  through  1956 

ACETOXYTRIAZAH  EPTANE 
AND  DERIVATIVES 

bAcetoxy-2, 4, 6-triazaheptane, 

(CHj.COO)  CH3  .NH.  CH2.NH. CHj. NH.  CHs , 
may  be  considered  as  the  parent  compd 
of  its  crinitro-deriv  described  below 

Re/s— not  found  in  Beil  or  CA  through  1956 

l-Acetoxy-2,4,6-tnnitro-2,4,6,-triazaheptane; 
N,N'  ,N"  -Trinitro(acetoxymethylaminomethyl) 
-(methy!aroinomethyl)amine;  2,4,6-Triaza- 
2,4,6-trinitro-heptan- l-ol  or  MSX,  (HjC-OOC)*- 
CH2  *N(N02)-CH2  *N(N02  )*CH2  *N(N02  )*CHj  , 
mw  296.20,  N 28, 38%.  Col  rosettes  or  prisms; 
mp  153-4°.  Was  prepd  from  l,5'dinitro-3- 
methyl-hexahydro-l,3,5-triazine, 

H2C-N(N02)-CH2 

I I 

OjN.N  -CHj N.CHj 

added  along  with  a soln  of  AN  in  98%  nitric 
acid  to  AcOH  + Ac20,  stirring  and  adding  w 
(Ref  2).No  ref  to  its  expl  props.  Ultraviolet 
absorption  spectra  are  given  in  Ref  3 
This  compd  was  examined  in  connection 
with  a study  of  the  reaction  leading  to  the 
production  of  cyclonite 

Refs:  1) Beil — not  found  2)F. Chapman 

et  al,  JCS  1949,  1648  & CA  44,  1412(1950) 
3)R.N, Jones  & J.D, Thorn,  CanJRes  27B, 
835(1949)  & CA  44,  2848(1950) 

Acetozone.  See  Acetylbenzoylperoxide 

ACETYL ACETONE 
AND  DERIVATIVES 

Acetylacetone,  2, 4-P  entanedione  or  Di * 
acetylmetbane,  CHjCO . CH2 . CO.  CHJf 
mw  100.11.  col  liq.  d 0.9721  at  25/4°  fp 
-23.2°,  bp  137-140°,  nJ8.80  I<4513,  Can  be 
prepd  from  acetone,  ethyl  acetate  and  Na 
ethylate  or  by  other  methods.  It  is  an  ex- 
cellent gelatinizer  for  NC 
Refs:  l)Beil  1,777,(401)  & [831] 


2)L.Claissen  & E.  Ehrhardt,  Ber  22,  1010 
(1889)  and  many  other  later  refs  listed  in 
Beil  and  in  CA 

Chromium  Salt  of  Acetylacetone  or  Chromyl- 
acetyf acetone,  Cr(CsH70J)3,  red- viol  crysts, 
d 1.34,  mp  214°,  bp  340°  (without  decompn).  Was 
prepd  by  Urbain  & Debieme  by  treating  chromic 

nitrate  with  acetylacetone  (Refs  1 & 2).  Its 
UV  absorption  spectra  are  given  in  Ref  3 and 
crystallographic  structure  by  X-rays  in  Ref  4 
Maisner  (Ref  5)  claims  that  incorporation  of 
up  to  3%  Cr  acetylacetonate  in  rocket  pro- 
pellants prepd  by  gelling  nitroparaffins  (such 
as  nitromethane)  with  NC,  renders  them 
easier  to  ignite.  These  mixes  can  vary  from 
syrupy  to  solid  gels,  depending  on  the  amt  of 
NC  used.  When  gels  are  solid  (large  amts  of 
NC),  they  are  suitable  for  use  as  regular 
propellants.  Same  mixts  can  be  used  as  expls, 
especially  when  an  org  amine  (such  as  methyl- 
amine)  is  incorporated  to  serve  as  a sensi- 
tizer. Ail  these  mixts  can  be  prepd  at  RT 

Refs:  l)Beil  1,  782,(404)  & [836]  2)G, 

Urbain  & A.Debi&rne,  CR  129,304(1899)  & 

JCS  76,1,789(1899)  3)G.T.Morgan  & H.W. 

Moss,  JCS  105,200(1914)  4)W.T.  Astbury, 

ProcRoySoc  112A, 449, 4 58(1926)  & CA  21, 
842(1927)  5 )H. Maisner,  USP’s  2,690,964 

(1955)  & 2,712,989(1955);  CA  49,618  & 
14325-6(1955) 

Acetylacetone,  Azido  Derivative, 

N, . CH2 . CO . CH2 . CO  . CHj  and  Acetyl- 
acetone, Diazido  Derivative, 

N3CH2 . CO . CH3 . CO . CH2 . N}— not  found  in 
Beil 

Mononitroacetylacetone,  (02N).  CH2.CO.CH2 . 
CO.CHj  and  Dinitroacetbylacetone 
OjN.  CH2  .CO.CH2  .C0.CH2.N02  —not  found  in  Beil 
Acetylacetone  Peroxide,  Polymer,  (Q  Hl0O,)*, 
mw(l34.13)x,  OB  to  C02  -131.2%,  OB  to 
CO  -71.5%'  Glassy  syrup,  not  volatile  with 
steam;  very  expl.  Was  prepd  by  Pastureau 
from  acetyl  acetone  and  hydrogen  peroxide 
in  sulfuric  acid  soln 

Refs:  l)Beil  1,  785  2) J. Pastureau, 
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BulIFr  (43.  5,  228(1909);  JCS  96,208(1909) 

& CA  4,19 1(1910).  No  other  refs  in  CA  1920- 
1956 

N-Acetylamidomethyl  hexamethylenetetra- 
mlnemononitrate;  l-Aeetamidomethylhexa- 
minenitrate  or  1-Aeetamidomethylhexamethyl- 
enetetrami nonitrate,  designated  as 

CH}.  NH.  CO.  CHj 

I 

H,C N CH2 


N CHj N 

aw  274.28,  N 30.64%.  Large  col  plates, mp 
183‘4°(Ref  4).  Its  prepn  by  three  different 
methods  was  not  described  until  1951  by 
Bachmann  et  al  (Ref  4),  but  the  compd 
was  mentioned  and  used  in  1949  (Refs  2 & 

3).  Ref  2 describes  studies  of  the  nitrolysis 
of  H2  resulting  from  the  prepn  of  RDX  and 
HMX,  while  Ref  3 gives  UY  absorption 
spectra  of'Hj.  Neither  of  the  papers  discusses 
the  prepn  of'H“  or  gives  any  previous  refs 
on  this  subject.  It  seems  that  Bachmann 
prepd'Hj  prior  to  1949  but  did  not  publish 
his  methods  of  prepn  and  physical  props, 
such  as  mp  of“H2  until  1951  (Ref  4).  Spectro* 
photometric  data  and  the  structure  of  'H3‘ 
are  given  in  Ref  5 

Refs:  1) Beil— not  found  2)E.Aristoff 

et  al,  CanJRes  27B,  541-5(1949)  & CA  43, 
9075(1949)  3)Rjones  & G.Thorn,  CanJ 
Res  27B,832, 853(1949)  4)W.E. Bachmann 

et  al,  JACS  73,2775*7(1951)  & CA  46, 
2085(1952)  5)W.Schroeder  et  al,  AnaJChem 
23,1741-2(1951),  compd  No  19 


acetylalanine  and  derivatives 

Acetyl- dl- alanine  or  Acetamidopropionic 
Acid,  CHj . CO  . NH . CH(CHS) . COOH, 
plates  or  ndls,  mp  132*137.5°.  Can  be  prepd 
by  treating  d, 1-alanine  with  acetic  anhydride 
or  by  other  methods 

Refs:  l)Beil  4,394,(495)  & [811]  2) A. 

de  Jong,  Rec  19,282(1900)  and  several  other 
refs  in  Beil  and  in  CA 

Azldoacetyl-dl -alanine,  CHj.CO.NfNjJ.CHfCHj). 
COOH,  mw  172.15,  N32.55/L  Long  fine  ndls, 
mp  101°.  Was  prepd  by  Freudenberg  & Keller 
from  dl-alanin  by  a procedure  described  in 
Ref  2.  In  the  course  of  prepn  of  this  compd 
an  intermediate,  Azi do acety l- dl- alanine 
chloride  was  obtained.  This  chloride  could 
not  be  purified  because  it  decompd  explos- 
ively at  ca  30° 

Refs:  i)Beii— not  found  2)K. Freudenberg 

& R. Keller, Ber  71 B,  334(1938)  & CA  32, 
2905(1938) 

Note:  No  nitrated  derivs  of  acetyl-dl- alanine 
were  found  in  Beil  or  CA  through  1956 
Acetylani line.  See  Acetanilide 

ACETYLBENZOYLPEROXIDE 
AND  DERIVATIVES 

Acety  Ibenzoyl  peroxide;  Benzoyl  acety  I per- 
oxide; Acetozone  or  Benzozone  (formerly 
called  Ac ety Ibenzoyl- sup eroxyd  in  Ger) 

CH3 . CO  . Oj . CO . C6H5 , mw  180. 15-  Wh 
crysts  mp  37*41°,  bp  130°  at  19  mm  (might 
explode);  expl  violently  at  85*100°  and  also 
by  friction  or  compression;  stable,  when 
dry  at  RT.  but  decomps  in  the  presence 
0/  moi  sturejorg  matter  or  traces  of  ale,  eth 
or  acids;  si  sol  in  w(0.064  g in  100  ml  at 
25°)  ale  & mineral  acids;  sol  in  CC14,  chlf, 
eth  & oils.  Was  first  prepd  by  Nef(Ref  2) 
from  benzaldehyde  and  acetic  anhydride. 

Other  methods  of  prepn  are  listed  in  Ref  1. 
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Caruthers  (Ref  5)  patented  a method  of 
prepn  in  which  benzaldehyde  and  acetal- 
dehyde  are  caused  to  react  at  ca  35°  with 
an  O-contg  gas  in  the  presence  of  dibenz- 
oylperoxide 

Thermal  decompn  of  acetylbenzoylperox- 
ide  is  discussed  in  Ref  3 and  the  decompn 
by  UV  light  in  Ref  4*Its  fire  & expln  hazard, 
toxicity  and  shipping  regulations  are  dis- 
cussed in  Refs  6 & 7 

Acetylbenzoylperoxide  is  used  in  lab  and 
industry  as  an  oxidation  and  polymerization 
catalyst  in  a number  of  reactions 

Refs : 1) Beil  9#  179,(93)  &[  157]  2)J.U. 

Nef,  Ann  298,  280(1897)  3)F.Fichter  & 

H.Erlenmeyer,  Hely  9, 146(1926)  & CA20, 
1385(1926)  4)F. Fichter  & E.  Willi,  Helv 

17,  117X1934)  & CA  29,1013  (1935)  5)T.F. 

Caruthers,  USP  1,985, 886(  1935)  & CA  29, 
1104(1935)  6)CondChemDict(  1956),  117 
7)Sax(l957),  235 

Acetylbenzoylperoxide, Azido  Derivative, 

N, . not  found  in  Beil  or  CA  through 

1956 

AcetyI-(3*nltrobenxoyl)-p«roxide  or  m-Nltro- 
benzoyl  acetyl  peroxide  (called  by  Nef  m- 
nitrobenzoylacetylhydroperoxyd),  CH,  .COr 

02 . CO . C8H4 . NOj,  mw  225. 15,  N6. 22%. 

Col  ndls  (from  hot  methanol),  mp  68°;  expl 
at  higher  temps;  sol  in  most  org  solvents; 
diff  sol  in  cold  methanol  & ligroin.  Was 
prepd  by  treating  acetylbenzoylperoxide 
with  fuming  nitric  acid  in  the  cold 

Refs : i)Beii  9,381  2)J-U.Nef,  Ann  298, 

28 6(  1897) 

Note:  No  later  refs  were  found  in  CA  through 
1956 

Acetyl-(dinitTobenzoyl)-peroxide, 

CH, . CO  . 02 . CO  . C#H,(NOa)a  —not  found  in 
Beil  or  CA  through  1956 

Acetylbenzylperoxide;  Benzyl  acetyl  peroxide,* 
Benzylperacetate  or  Peracetic  Acid,Benzyl- 
ezter,  CH, . CO  . 02 . CH2 . C#HS ; powder.  It 
was  patented  in  1927  by  Carbide  & Carbon 
Chemicals  Co  (Ref  2)  for  use  as  a catalyst 


in  polymerizing  vinyl  compds  particularly 
vinyl  chloride  and  acetate.  Sax  (Ref  4) 
lists  this  compd  without  giving  its  formula 
or  method  of  prepn  but  states  that  it  is  a 
powerful  oxidizing  agent;  its  toxicity— details 
unknown,  fire  hazard— moderate  by  spontan- 
eous chemical  reaction,  expln  hazard— mod- 
erate when  shocked  or  exposed  to  heat  and 
disaster  control— dangerous;  shock  will 
cause  deton  with  evoln  of  toxic  fumes;  will 
react  with  w and  steam  to  produce  heat; 
can  react  vigorously  with  reducing  materials 

Refs:  l)Beil— not  found  2)Carbide  & 

Carbon  Chemicals  Co,  FrP  748,972(1933)  & 
CA  27,  5755(1933)  3)Tobolsky  & Mesrobian 
(1954)-not  found  4)Sax(  1957), 236 

Acetyl  Bromide  or  Ethanoyl  Bromide, 

CH,COBr,  mw  122.96,  OB  to  C02  -58.6%, 

OB  to  CO  -45.5%.  Col  liq  fuming  strongly 
in  the  air;  d 1.663  at  16°  mp  -96.5,  bp  76° 
at  750  mm,  1.4537  at  15.8°.  Miscible  with 
eth,  ben 2 & chlf,  decomp  violently  by  w and 
ale.  Can  be  prepd  from  acetyl  chloride  and 
an  excess  of  HBr  or  by  other  methods.  Its 
toxicity,  fire  & explosion  hazards  are  dis- 
cussed in  Ref  3 

Refs:  l)Beil  2,174,(79)  & [176]  2)H. 

Staudinger  & E.  Anthes,Ber  46,1421(1913) 
3)Sax(  19  57),  236 

ACETYL  CELLULOSE 
AND  DERIVATIVES 

Acetyl  Celluloses  (AC)  (Acetates  of  Cel- 
lulose or  Cellulose  Acetates).  According  to 
Doree(Ref  3)  the  action  of  Ac20  on  cellulose 
(called  acetylation)  should  theoretically 
yield  the  triacetate  [C6H7O2(O0C.  CH,),]n. 
Actually,  the  products  of  acetylation  are  a 
mixture  of  tri-,  di-  and  mono-acetate.  A 
characteristic  property  of  the  lower  acetyl- 
ated  acetates  is  their  sol  in  acetone,  whereas 
the  triacetate  can  absorb  acetone  only  to  the 
extent  of  causing  swelling 

Lab  and  industrial  methods  of  prepn  of 
AC  are  described  in  Refs  2,3,4&6.  AC  is 
used  in  the  manuf  of  rayon,  films,  unbreakable 
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windows  (Ref  4), as  a component  and  as 
an  inhibitor  coating  of  rocket  propellants 
(Refs  5 7).  The  Italians  claim  that  AC 

has  the  property  of  slowing  down  the  rate 
of  burning  of  a propellant  and  rendering 
the  combstn  more  uniform 

Following  are  Ital  military  spec  require- 
ments for  AC:  ash  <0.15%,  free  acid  none, 
foreign  matter  <0.1,  ether  <0.15,  insyl  in 
acet  <1.0  and  acidity  (calcd  as  AcOH) 

<p.  15%,  detd  by  132°  Heat  Test  using  a 
Bergmann-Junk  tube 

Refs:  l)Beil— not  found  2)Heuser(1944), 

226  3)Doree(  1947), 272-92  4)Kirk  & 
Othmer  3(  1949), 372-6  5)Capitoiato  Tecnico 
Generale  per  la  Fornitura  di  Esplosivi 
Prop  el  e nti,  MD  Esercito  CTF  35  6)Ott 
5, part  2(19 5 4), 767  7)P. Tavernier,  MP  38, 

328(  1956)(Thermodynamic  props  of  acetyl- 
celluloses) 7)J.A.Rolfe  & N.J. Morris, 
RPE(Rocket  Propulsion  Establishment), 

Gr  Britain,  TechNote  No  171,  October  1958 
Nitroacetylcelluloses  (NAC)  (Cellulose 
Acetate  Nitrates).  Oddo  (Ref  2),  being  dis- 
satisfied with  the  chem  stability  of  NC's 
decided  to  det  whether  acetylated  NC's 
would  be  any  better.  He  took  lOg  of  NC 
(11.66%N),  dried  it  at  90°  and  gradually 
introduced  300g  of  acetic  anhydride  free  of 
AcOH.  After  12  hrs  at  RT  the  mixt  was 
heated  on  a sand  bath,  under  reduced  pres- 
sure and  under  a reflux  condenser  (sealed 
with  a sulfuric  acid  valve),until  about  two- 
thirds  of  the  acetic  anhydride  was  distilled. 
The  residual  liq  was  filtered  and  poured  into 
a large  amt  of  w.  The  resulting  It  yel  product 
was  dried,  dissolved  in  AcOH,  filtered  and 
repptd  by  pouring  the  soln  drop  wise  with  ag- 
itation into  a large  amt  of  cold  w.  The  dried 
purified  product  was  white  and  could  be 
easily  pulverized.  Its  mwwas  (290. 5)n  and 
N ca  9.65%,  which  corresponds  approx  to 
C6H702(0N0j)j(0Ac),  calcd  mw  (294.  l)n- 
It  decomp  at  185.5°  with  the  evoln  of  gas. 
The  product  was  easily  sol  in  et  acet, 

AcOH  & pyridine  and  could  be  gelatinized 
by  1: 1-ether/ ale 


Doree(Ref  3)  prepd  several  NAC’s  (some 
of  them  with  a N content  as  high  as  13.8% 
and  an  AcOH  content  32.3%)  by  gradually 
adding  cellulose  to  an  ice-cooled  bath  contg 
mixt  of  acetic  anhydride  and  fuming  nitric 
acid.  Kruger  (Ref  4)  studied  the  nitration- 
acetylation  of  cellulose  with  mixts  of  acetic 
anhydride- nitric  acid- acetic  acid.  Werner 
(Ref  5)  studied  a method  of  prepn  of  NAC  by 
nitration  of  fibrous  cellulose  triacetate  with 
nitric  acid  contg  less  than  9%  w.  He  also 
studied  prepn  of  NAC  by  acetylation  of  NC. 
A brief  description  of  NAC  is  also  given  in 
Ref  6 

NAC  with  N ca  11.5%  has  been  used  in 
Italy  as  an  ingredient  of  DEGDN  propellants 
(polveri  al  nitroglicol).  Following  are  Ital 
military  specification  requirements  (Ref  7): 
nitrogen  content  11.20-11.70%,  fineness 
<90,  acetyl  content  > 1.50,%  ash  < 1%,  lime 
calcd  as  CaO  ^-0.30%,  stability  by  80°  Abel 
test  > 25  min,  by  135°  Ger  test  50  min  and 
by  131°  Bergmann-Junk  test  < 1.75  cc  of  NO 

Refs:  l)Beil— not  found  2)B.Oddo,Gazz 

4911,140-5(1919)  & CA  14,1530(1920  ) 3) 

Do  ree(  1947)305  4)D.Kriiger,  Cellulose  chem 

11,220(19  30)  5)K. Werner, AngChem  50, 

127- 32(  1937XNew  method  for  making  and 
utilizing  cellulose  triacetate)  6)Heuser 
(1944),  301  7)Capitolato  Tecnico  Generale 
per  la  Fornitura  di  Esplosivi  Prop  ell  enti, 

MD  Esercito,  195 1, CTF  34 
ACETYL  CHLORIDE  AND  DERIVATIVES 
Acetyl  Chloride  or  Ethanoyl  Chloride, 

CHj , CO . a,  mw  78.50,  OB  to  COa  -9L7?S, 
OB  to  CO  “71.3%.  Col  liq  which  fumes  in  air. 
It  is  flam,  d 1.1051  at  20°,  mp  -112°,  bp 
51-2°,  N 20  1,3898.  Miscible  with  eth,  benz, 
chif,  glacial  AcOH  & petr  eth.  Decompd 
violently  by  w or  ale.  Extremely  irritating 
to  the  eyes.  Can  be  prepd  from  glacial  AcOH 
and  phosphorus  trichloride  (see  also  Ref  6) 
or  by  other  methods  listed  in  Ref  1.  Used  as 
an  acetyl ating  agent  and  for  the  detn  of  w 
in  organic  liquids.  Its  toxicity,  fire  and  ex- 
plosion hazards  are  discussed  in  Refs  4 & 5 

Its  nitrocompound  is  described  below 


A5? 


Refs:  l)Beil  2,173(79)  & [1751  2)L. 

Orthner  & L.Reichei,Organische  Chemisches 
Praktikum,Berlin(1929),73  3)Merck(  1952), 

11  4)CondChemDict(1956),ll  5>Sax(l957), 

/\n  Pi  /“’•_  _ t_  * 1 I t a /^r  / <\  inny  1 a A 

z 30-  / o;iv.  L'.'^vgnm,  j ou,  ^oo(  iy^o)  x 

CA  32, 23 5 5(  19 38)( Expln s take  place  some- 
times during  this  method  of  prepn,  Coghill 
attributes  the  formation  of  phosphine,  PH3, 
as  the  cause  of  such  explns) 

Azidoacetylchloride  or  Trtazoacetylchlorlde, 


N3.  CH,.  CO.  Cl,  mw  119.52,  N 35.16%.  Col 
pungent  smelling  liq,  decomp  by  moisture; 
bp  43-44°  at  14  mm  & 55-60°  at  18  mm;  ex- 
pl  at  higher  temps;  d 1.30  3 at  25°  1.4634. 

Was  prepd  by  Forster  & Muller  by  the  action 
of  phosphoryl  chloride  on  azidoacetate  sus- 
pended in  abs  eth  (Refs  1 & 2).  Other  methods 
of  prepn  are  given  in  Refs  3 & 4 


Refs:  l)Beil  2,  229  & (101)  2)M.Forster 

& R.Muller,  JCS  95, 200(  1909)  & 97,1061(1910) 
3)E.D.Nicolaides  et  al,  JACS  76,2889 
(1954)  & CA  49,10184(1955)  4)F. Huber, 


T A f-'C'  77  1 1 1/  mf  c\  o.  A CA  tiA  x/  mc/N 
J /VV^O  / / f JJ)  CX  A 7 jvj 


Dtazidoacetylchloride,  (N3)2CH.  CO,  Cl— not 

c 1 d«:i  r a 

luuiiu  iu  jj tn  wi  wiivujn  17 


Nitroacetyl  Chloride(02N . CH, . CO . Cl,  raw 
123.50,  N 11.33%,  OB  to  C02  “25.9%,  OB  to 
CO  ±0%.  Liq,  fr  p -35°,  bp  68°  at  12  mm; 
slow  distn  is  accompanied  by  an  expin.  Was 
prepd  in  poor  yield  by  nitration  of  ketene  in 
ether,  cooled  in  solid  C03  + alcohol(Ref  2) 
Refs : l)Beil  2,  not  found  2)W.Steinkopf 

& M.lOihnel,  Ber  75 B,  1328(1942)  & CA  37, 
4687(1943) 


Nitroazidoacetylcbloride,  (03N)N3.  CH.  CO.  Cl- 
not  found  in  Beil  or  CA  through  1956 


Dtnitroacetylcbloride,  (0,N),CH. CO. Cl— not 
found  in  Beil  or  CA  through  1956 


ACETYLDIACETOXYTETRAZANONANE 
AND  DERIVATIVES 

2- (4)- Acetyl- 1. 9-diaeetoxy-2:4: 6,8-tetra- 
zanonane  or  2-(4-)Aceto-2,4,6,8-tetrazanon - 
ane-l,9-diol-diacetate, 

CHj.CO-O.CHj-N-CHj-NH-CHj-NH-CHj-NH-CHj.O-CO.CH, 

CO.CHj 


may  be  considered  as  a parent  coropd  of 
trinitrocompd  described  below 

2-(4-)Acetyi-l,9-diacetoxy-4-(2-),6,8-trinitro 
-2,4.6,8-tetrazanonane:  2-(4-)Aceto-4-(2-).6,8- 
trinitro-2,4,6,8-tetrazanonane-  1,9-diof- 
diacetate;  l,9-Diacetoxy-2-(4-)acetyl-4-(2-), 
6,8-trinitro-2,4,6,8-tetrazanonane  or  H-16 

CHj.CO-O.CHj-N-CHjN-CHjN-CHjN-CHj.O-CO.CHj, 

/ ill 

OC.CHjNOj  NOj  NOj 
or 


CHj.CO-O-CHj-N-CKj-N-CHj-N-CHj-N-CHj.O-CO.CHj, 

/III 

N02  OC.CHj  NOj  NOj 

mw  425, 32,N23.05%-  According  to  Arist- 
off  et  al  (Ref  2),  this  compd  was  prepd  by 
M*  Carmack  et  al  (private  communication) 
when  they  treated  hexamethylenetetramine 
with  nitric  acid  and  acetic  anhydride.  Its 
expl  props  were  not  investigated.  Schroeder 
et  al(Ref  3)  give  the  absorption  spectra 
data  and  Malmberg  et  al  (Ref  4)  the  chrom- 
atographic data 

Refs : l)Beil— not  found  2)E.  Aristoff  et 

al.CanJRes  27B,  526-7(1949)  3)^.A.  . 

Schroeder  et  al,  Anal  Chem  23,1740,17  4 5 
(1951)  4)E.  W.Malmberg  et  al,  Anal  Chem 

^ -V 

Acetyldinitroglycerin.  See  Glycerin  Acetate 
Dinitrate  under  Glycerin  and  Derivatives 
Acetyldinitrotriazacyclohexane.  See  Aceto- 
dinitrotriazacyclohexane  under  Acetotriaza- 
cyclohexane  and  Derivatives 
Acetyl  din  itron  itro  sot  ertra  zacycl  ooetane . 

See  Acetodinitfonitrosotecrazacyclooctane 
under  Acetotetrazacyclooctane  and  Deriv- 
atives 

AC  ETYLDIPHENYL  AMINE 
AND  DERIVATIVES 

Acetyldipbenylamine,  C14Ht3NO.  Its  N- 
acetvl-isomer  fC.H.  LN  . CO  . CH_  is  de- 

J \ O » ' 4 ■ ’ ■ ■ 3 

scribed  in  Beil  12,247,(194)  & [ 144]  under 
the  name  of  Essigsaure-diphenylamid. 

P. Tavernier  & L.Lamouroux,  MP  38,  84 
(1956)  gives  for  it  1752  kcal/mol  and 


v 

Qf  9.64  kcal/mol.  Isomers  in  which  acetyl 
group  is  attached  to  the  ring,  anilinoaceto • 
phenones,  are  not  described  in  Beil,  although 
their  nitro-,  dinitro-  and  trinitro-  derivs  are 
listed  in  vol  14.  One  of  the  aniline  aceto- 
phenones, was  prepd  recently  by  S.G.P. Plant 
& C.  R.  Worthing,  JCS  1955,1279  & CA  50, 

2457(1956)  and  listed  as  4-acetyldiphenyl - 
amine 


Azidoacetyldiphenylomi ne,  N3.C,4Hl2NO,  mw 
252.27, i N 22.21%.  Following  isomer  i s known: 
o~  Azido-N-acetyl-diphenylamine  or  2'  - Azido - 
N-phenylacetanilide, 


CH,.CO . M 


X 


c6h4.n3 

CJL 


pale  yel  crysrs,  mp  99*99.5°,  dccomp  therm- 
ally to  gums.  Was  prepd  by  diazotizing  o- 
amino-N- acetyl-diphenyl  amine  in  aq  HC1  and 
treating  the  productwith  Na  azide 
Refs:  l)Beil— not  found  2)P.  A.S.  Smith 

et  al,  JACS  75,6336(  1953)  & CA  49,7571 


(1955) 


Diazidoacetyldipbenylamine, 
(N3)2C14HnNO— not  found  in  Beil  or  CA 
through  1956 

Mo  non  itroacetyl  diphenyl  amine,  C]4Hl203Nz. 
Its  N-acetyl-derivs  are  listed  in  Beil  12, 
[372,391],  while  the  isomers  with  acetyl 
on  one  of  the  rings  are  given  in  Beil  14, 
[29,30].  The  latter  isomers  may  also  be 
called  nitroanilino acetophenones 


Dinitroacetyldiphenylamine,CMHnNj05 . 

Three  N-acetyl-isomers  are  described  in 
Beil  12,720,7  5 4 [391,410],  while  one 

isomer  with  acetyl  on  one  of  the  rings, 

2’  4'  -dinitro-4-acetyl-diphenyl amine, 
CH3.CO.CftH5  .NH.C6H3(N02)2,is  given  in 
Beil  14, [32; 


Trinitroa  cetyl  diphenyl  amine,  C14H10N4O7, 
mw  346.25,  N 16.18%.  No  N-acetyl-isomers 
are  listed  in  Beil  12,  but  two  isomers  with 
acetyl  on  one  of  the  rings  are  given  in  Beil 
14  ,[42  & 47] 


Tetranitroo  cetyl  diphenyl  amine,  CI4H9NsO„ 


mw  39  1-  25,  N 17.  90%.  Following  isomer  i s 
described  in  the  literature  2 ,4,2'  ,4'  -Tetra- 
nitro-N- acetyl- diphenylamine,  called  in  Ger 
Essigsaure-bi  s[  2,4-dinitrophenyl]-amid, 
(CWc6h3  ^ 

N.  CO.  CH3, 

(02N)2c6h3' 

crysts,  mp  197°.  Was  obtained  by  Pictet  on 
treating  N-acetyldiphenylamine  with  diacetyl- 
orthonitric  acid,(HO)3N(O.OC.CH3)2 

Refs:  l)Beil  12,754  2)A.Pictet,Arch- 

SciencPhysNat,Geneve,[IV|  16, 20 1(  1903)  & 
ChemZtr  1903  II,  1109 

P entanitroacetyldipbenylamine,  C14H8N6On  — 
not  found  in  Beil  or  CA  through  1956 
Hexanitroacetyldi  phenyl  amine,  C14H7N7Ou, 
mw  481.25,  N 20.38%.  Following  isomer  is 
described  in  the  literature: 

2, 4,6,2'  4'  ,6'  -HexanitrO’N~acetyl-diphenyl- 
amine,  called  in  Ger  EssigsSure-bis[2,4,6- 
trinitrophenyl]-amid, 

(02N)3C6H2 

x N.  CO.  CH3. 

(02N)5C6H2  " 

Lt  yel  crysts,  mp  240°  with  decompn;  starts 
to  blacken  ca  200°;  sol  in  ben  & acet;  in  sol 
in  ligroin.  Was  prepd  by  treating  silver  salt 
of  hexanitrodiphenyl amine  with  acetylchloride. 
No  refs  to  its  expl  props 

Refs:  l)Beil  12,767  2)A.Hantzsch  & 

St.  Opolski  Ber  41,1747(1908) 

N-Acetyldiphenyihydrazine.  See  N-Acetyi- 
hydrazobenzene 

ACETYLENE  AND  DERIVATIVES 
Acetylene  or  Ethine  (Ethyne),  HC-  CH,  mw 
26.04.  OB  to  C02  -307.2%,  OB  to  CO  -184.3° 
Col  gas  with  garlic  odor,  fr  p —85°  at  895  mm, 
subl  p -84°  at  760  mm,  d 0.91  (air  =1.0), 
Qf-54.9  kcal/mol.  Bruni(Ref  19c)  gives 
bp  —23°  eric  temp  +35.4°  and  temp  of  triple 
point  —83.6°.  Soly  in  w 1.7  vols  per  1 vol 
of  w at  RT;  soly  in  acet  over  the  temp  range 
of  0°  to  40°  and  at  a partial  press  of  C2H2 


of  l atm  can  be  calcd  from  the  equation  S “ 
13000/(T-185.3)  “81,3  derived  by  Brameld  & 
Clark  (Ref  7).  Soly  at  higher  press  is  much 
greater 

Acetylene  gas  bums  in  air  with  a very  hot 
luminous  flame.  When  burned  in  oxygen  (as 
in  an  oxyacetylene  flame)  temps  of  the  order 
of  6000° F( 33 15^  can  be  attained.  According 
to  Reppe  (Ref  20g),  aceeylene  tends  to  de- 
compose explosively  into  its  elements  even 
at  a press  of  the  order  of  1 atm,  evolving  ap- 
preciable quantities  of  heat.  Compressing 
acetylene  is  a dangerous  operation  unless  a 
special  technique  is  used  (asio  loading 
containers  for  oxyacetylene  welding).  For 
purposes  of  safe  storage,  acetylene  can  be 
dissolved  in  acet  and  kept  indefinitely 

Mixes  of  gaseous  acetylene  and  air  are  ex- 
tremely expl.  In  dry  air  at  atm  press  the  expl 
limits  are  2.6  to  77%(or  even  80%)  of  acetyl- 
ene by  vol 

Numerous  explosions  have  occurred  (see 
CA  from  1907  to  present)  which  were  at- 
tributed to  acetylene  or  to  acetylene  liber- 
ated from  Ca  carbide 

According  to  Sax  (Ref  23)  acetylene  is  si 
toxic  and  its  fire  hazard  is  great  when  ex- 
posed to  heat  or  flame.  Its  expl  hazard  is 
moderate  when  exposed  to  heat  or  flame  or 
when  it  undergoes  spontaneous  chem  re- 
actions. At  high  press  it  may  decomp  ex- 
plosively even  at  moderate  temps.  It  can 
react  vigorously  with  oxidizing  materials 
and  it  forms  expl  compds  on  contact  with 
Cu  or  Ag(see  Acetylides) 

The  discovery  of  acetylene  in  1836(or 
183 7)  is  attributed  to  Edmond  Davy,  but  it 
was  not  until  I860  that  Berthelot  definitely 
identified  and  named  it(Ref  9,  p 101  & Ref 
16,  p 469).  The  compd  obtained  by  Berthe- 
lot ftom  cuprous  acetylide  was  not  pure 
because  it  contained  some  vinyl  chloride. 
Acetylene  was  not  produced  commercially 
until  Ca  carbide  was  produced  in  the  lab 
in  1B99  by  Morehead  & Willson,  by  heating 
a mixt  of  lime  and  coke  in  an  electric  furnace. 
They  expected  to  prepare  metallic  calcium 


but  obtained  the  carbide  instead 

Examination  of  the  material  prepd  by  M & 

W showed  that  when  it  was  brought  into  con- 
tact with  water,  a large  amt  of  gas,  identified 
as  C3Hj,  evolved.  This  gave  impetus  to  the 
coml  production  of  CaC2  for  use  in  acetylene 
generators.  At  first  CjH2  was  used  for  in- 
creasing the  illuminating  power  and  heating 
value  of  water  gas,  but  since  1906  it  has 
been  utilized  for  welding  and  cutting  steel. 
The  chemical  utilization  of  C2H2  began  in 
Germany  in  1910,  then  in  Canada  in  1914  and 
finally  in  this  country.  Research  in  the  field 
of  acetylene  chem  was  greatly  expanded  dur- 
ing WW1&I  & II  and  the  use  of  C2H2  increased 
tremendously  (Ref  9)  The  industrial  prepn 
of  acetylene  from  Ca  carbide  is  described  in 
Ref  9,  pp  102-7  and  Ref  24,  pp  34-41 
Many  other  methods  for  the  manuf  of 
acetylene  have  been  developed,  especially 
during  and  after  WW  II  in  Germany,  such  as 
from  hydrocarbons  by  the  Hills  arc- cracking 
process  (Ref  9,  pp  107-10),  from  hydrocarbons 
by  the  Wuiff  thermal  cracking  process  (Ref 
9,  pp  110-11)  and  from  methane  by  its  partial 
combustion  (Ref  9»  PP  111-12) 

In  addn  to  the  above  mentioned  processes 
for  the  production  of  acetylene,  several 
others  were  developed,  of  which  the  Tenn- 
essee Eastman  process  (Ref  22)  and  the 
Societe  Beige  de  i’Azote  (SB A)-Kellogg 
process  (Ref  27)  are  the  most  recent 

Purification  of  crude  acetylene  for  lab  pur- 
poses i s described  in  InorgSynth  v 2(1946), 

76 

Uses:  In  addition  to  the  extensive  use  of 
acetylene  in  oxyacetylene  welding  it  is  used 
as  a starting  material  for  the  manuf  of  inorg 
and  org  acetylides  as  well  as  many  other 
compds.  Some  of  them  such  as  acetone, 
acetaldehyde,  acetic  acid,  acetic  anhydride, 
etc  are  indispensible  in  the  manuf  and 
testing  of  expls  and  ammo.  Acetylene  was 
also  used  to  manufacture  tetranitromethane 
by  the  method  described  in  PATR  2510 
(1958),  p Ger  19 5,  under  Tetan 


A60 


Straight  acetylene  can  be  used  as  an  ex- 
plosive when  in  liquefied  or  solidified  form 
(see  Acetylene  as  an  Explosive)  (See  also 
Acetylene  Condensation  or  Polymerization 
Products,  Acetylene  Derivatives,  Acetylene 
Hydroperoxides  & Peroxides,  Acetylene- 
Nitric  Acid  Reactions,  Acetylene  Reactions, 
Acetylenic  Compounds,  Acetylides,  Cuprene 
and  Halogenated  Acetylenes) 

Refs:  (Acetylene):  l)Beil  1,228,(100), 

[202]  & [887]  2)M.Berthelot,  AnnChimPhys 
[3l67,  67(1863)  3)J- A.Nieuwland  & R. R. 

Vogt,  '’The  Chemistry  of  Acetylene,"  Rein- 
hold,NY(  1945)  4)P.Piganiol, "Acetylene, 

Homoiogues  et  Deri  ve'es,”  Mas  son,  Paris 
(1945)  5)R-L.Hasche,ChMetEng  52,No  10, 

116*  19(1945)( Acetylene  industry  in  wartime 
Germany)  6a) 'tf.  Reppe,  "Advances  in 
Acetylene  Chemistry”(as  developed  at  the 
IG  Farbenindustrie  A-G),  PB  Rept  1112(CWS 
IDR  No  4149X about  1946)  6b)W.Reppe, 
"Synthesis  of  Intermediates  for  Polyamids 
on  Acetylene  Basis,”  PB  Rept  25553( about 
1946)  7)V. Brameld  & M. Clark,  J SCI  65, 

58-61(1946)  & CA  40,  3670(1946)  8)A.W. 

Johnson,  "The  Chemistry  of  Acetylenic 
Compounds,” Arnold, London, Vols  1 & 2 
(1946  & 1950)  9)Kirk  & Othmer  1(1947), 
101-121  10)E.D. Bergmann/'The  Chemistry 

of  Acetylene  and  Related  Compounds,” 

Intersci  ence,NY(  1948)  1 1)C,  J.Herrly, 

C&EN  27,  2062(  1949)(The  acetylene  industry 
in  America)  12)W.  Reppe,  "Neue  Entwick- 
iungen  auf  dem  Gebiet  der  Chemie  des 
Acetylens  und  Kohl enoxyds, "Springer, Berlin 
(1949)  1 3) J . W. Cop enh aver  & M.H.  Bigelow, 

"Acetylene  and  Carbon  Monoxide  Chemi stry,  ” 

Reinhold,  NY(1949)  14)J.  W.  Reppe 

"Acetylene  Chemistry, "Technical  Publica- 
tions, NY(  1949)(T*'anslated  from  the  German 
by  C.  A.Meyer  & Co,Inc)(PB  Rept  18852-s) 
15)P.Piganiol, "Acetylene, Homologs  and 
Derivatives, "Mapleton  House,  Brooklyn 
( 1950)( Translated  from  the  French  by  F.  A. 
Hessel  & J.B.Rust)  l6)B,  T.  Brooks, 

"The  Chemistry  of  Nonbenzoid  Hydrocarbons,” 
Reinhold,  NY  (1950),  p 469*488  17)R. Owens 

& A. 7/.  Johnson,  "The  Acetylene  Industry 
and  Acetylene  Chemistry  in  Germany  During 


the  Period  1939'  1945, ”HMSO,London(  1951) 

18)  W.Reppe,  "Chemie  und  Technik  der 
Acetylen-Druck-Reaktionen,”  Verlag  Chemie, 
Weinheim(  1952)  19a)M.Konschak,  Brenn- 
stoff-Warme- Kraft,  4,62*6(  19 5 2)( Explosive 
properties  of  acetylene  and  safety  measures 
for  its  storage)  19b)O.Nicodemus  & K.Win- 
nacker  in  E.Weingaertner,  "Chemische  Tech- 
nologic, ” Miinchen,  3(1952),  614-73  19c) 

G.  Bnmi,Idracarburi  1953,  Nov  9*12  & CA 
50,5350(1956)  20a)Ui!mann  3,(1953)43-68 
20b)  E.R.H. Jones,  "Acetylene  Chemistry,” 

Univ  of  Notre  Dame  Press,  Indiana(  1954) 
20c)P.Holemann,R.Hasselmann  & G.Dix, 
"l/ntersuchungen  uber  die  thermische  Ziindung 
von  Explosibelen  Azetylenzersetzungen  in 
Kapillaren,”Westdeutscher  Verlag,  K81n 
(1954)  20d)R. Duff  et  al,  JChemPhys  22, 

1618-19(1954)  & CA  49,6l7(1955)(Studies  of 
detonation  of  pure  acetylene  gas  in  tubes) 
20e)W. V. Robertson  et  al,  "Self  Combustion 
of  Acetylene,”  in  the '5th  Symposium  on  Com- 
bustion,’ReinhoId,NY(  1955),  628-3X9  refs) 
20f)E. A.  Westbrock  et  al,  "Seif  Combustion 
of  Acetylene,”  in  the  5th  Symp  on  Combstn” 
(1955),  631-37(17  refs)  20 g) W.Reppe  et  al, 

Ann  596,6(1955)  21a)R. A.Raphael, "Acetyl- 

enic Compounds  in  Organic  Synthesis,” 
Academic  Press,  NY(1955)  21b)Anon, 
Explosivst  1956,  101(Directions  for  avoiding 
accidents  in  handling  acetylene)  21c) 
Forschungsstelle  fur  Acetyl en, Dortmund, 
Explosivst  1956, 14l(lnvestigation  of  trans- 
formations in  the  explosive  decomposition 
of  acetylene)  21d)J.L.  Romig  et  al,  Ex- 
plosivst 1956f218(Investigation  of  the  course 
of  decomposition  of  acetonic  solns  of  C2H2) 
21e)Trzeciak,  Explosivst  1956, 2 19(  Sou  fees 
of  danger  in  the  generation  of  acetylene) 

2lf)A. Ebert, Explosivst  1956,245-8(On  the 
prevention  of  acetylene  explosions)  22) 
Anon, C&EN  35,32  (Dec  23, 1957)[New  process 
forprepn  of  C2H2  designed  by  Tennessee 
Eastman  Co  is  briefly  described.  It  involves 
high  temp  breakdown  of  satd  hydrocarbons 
(such  as  natural  gas)  conducted  in  a special 
furnace  (constructed  of  stabilized  zirconium) 


which  is  capable  of  withstanding  temps  up 
to  2500°C.  The  process  is  different  from 
any  previously  used]  23)Sax(  1957),  237 

24)  Faith,  Keyes  & Clark(  1957), 34-41 

25) F.CStehling  et  al,  ’‘Carbon  Formation 
from  Acetylene.”  A paper  reported  in  the 
6th  Symposium  on  Combustion,  Reinhold, 

NY(  19 57), 247- 54(22  refs)  26)H.H.Nelson, 
’’The  Effect  of  Pipe  Diameter  on  the  Thermal 
Decomposition  of  Acetylenes.”  A paper  re- 
ported in  the  6th  Symp  on  Combs tn, Reinhold 
NY( 1957), 823- 27(17  refs)  27)SBA-Kellogg 
Way  to  Acetylene,  C&EN  36,15(Jan  13,  1958) 
[Brief  description  of  the  manuf  of  C2H2  from 
natural  gas  or  naphtha  by  the  process  pat- 
ented by  the  Soci£te  Beige  de  1’  Azote(SBA) 
using  a special  burner.  This  process  was 
adopted  in  USA  by  the  M.  W.Kellogg  Co,  NY. 
Ethylene  can  also  be  produced  by  this  method] 
28)  Many  papers  on  acetylene  and  acetyl- 
ene chemistry  are  listed  in  Chemical  Ab- 
stracts, especially  starting  about  1940.  There 
are  listed  above  only  the  more  important 
papers 

Acetylene-Air  Mixtures.  Various  C2H2-air 
mixtures  were  detonated  in  rubber  balloons 
by  means  of  central  elec  detonators.  Photo- 
graphs of  spherical  explosions  thus  produced 
were  made  with  a rotating- drum  camera  and 
with  a 6000-frame-per-sec  movie  camera. 

Deton  vels  measured  by  this  method  agreed 
with  values  obtained  from  measurements  in 
tubes  by  std  techniques.  For  instance,  the 
mixts  contg  12.5%  CjH2  developed  a deton 
vel  of  1920  m/sec  and  multiple  reflected 
waves  were  clearly  observed  (See  also 
Acetylene-Oxygen  Mixtures) 

Refs:  1)H. Freiwald  & H.Ude,  CR  236, 

1741-3(1953)  & CA  47,9617(1953)  2)Ibid, 
ZElektrochem  57,629-32(1953)  & CA  49, 
8602(1955) 

Acetylene, Analysis. See  Acetylene  and 
Derivatives  Analysis,  listed  after  Acetylene 
Derivatives 

Acetylene  as  an  Explosive.  When  acetylene 
is  liquified  it  becomes  an  expl  which  can 


be  detonated  by  a blow,  spark  or  a detonator. 
The  same  applies  to  acetylene  in  the  solid 
state.  According  toRimarski&  Metz  (Ref  3)> 
solid  acetylene  is  an  expl  of  considerable 
power  as  detnd  by  the  Trauzl  lead  block 
test,  although  less  powerful  than  common 
HE’s.  Its.  brisance  and  deton  vel  (2270  m/ 
sec  at  d 0.503)  are  also  inferior  to  the  common 
HE’s.  Sensitivity  to  heat,  friction,  shock  and 
spark  are  slight.  By  using  solid  C2H2  with 
liq  air  or  oxygen,  a very  brisant  expl  is  ob- 
tained. The  disadvantages  of  using  solid 
C2H2  lie  in  the  difficulties  in  storage  and 
transportation 

Acetylene  may  also  be  used  as  an  expl 
when  in  the  gaseous  state,  but  for  this  use 
it  must  be  previously  mixed  with  some  oxy- 
gen-contg  gas,  such  as  air  to  create  an  expl 
mixt.  For  instance,  gaseous  acetylene  is 
used  as  a blasting  expl  in  cases  where  ma- 
terials are  desired  to  be  reduced  to  large 
pieces  (Ref  1).  In  one  application  a lead  pipe 
was  separated  into  3 sections  by  two  light, 
easily  broken  partitions.  The  first  sectn 
(next  to  the  tamping)  was  charged  with  CaC2 
in  small  grains,  the  second  sectn  contained 
water  and  the  third  an  electric  exploder. 

After  inserting  the  pipe  into  a borehole  and 
tamping,  the  first  partition  was  broken  from 
outside  by  an  iron  bar  thus  allowing  an  in- 
flux of  air  and  causing  the  CaC2  and  H20 
to  form  acetylene.  The  resulting  press  broke 
the  2nd  partition  bringing  the  C2H2-air  mixt 
in  contact  with  the  exploder  which,  after  a 
suitable  time  had  elapsed  caused  the  mixt  to 
detonate 

According  to  British  regulations  issued 
during  WW  I,  acetylene  when  liq  or  when  sub- 
ject to  a certain  degree  of  compression,  or 
when  in  admixture  with  atm  air  or  oxygen, 
was  deemed  an  expl  (Ref  2) 

Stettbacher  (Ref  4)  gives  the  following 
expl  props  for  74.75/ 24. 55  mixts  of  liq  02 
with  solid  C2H2:  maxim  d less  than  1,  normal 
gas  vol  634  1/kg,  heat  of  expln  2760  kcal/kg, 
deton  vei  6000  m/sec,  maxim  temp  of  expl 
(calcd)  7280°  and  sensitivity  to  impact  5 cm 
with  2 kg  wt 
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The  expl  decompn  of  acetylene  is  dis- 
cussed  in  Ref  5 and  the  effect  of  mixing 
with  hydrocarbons  and  other  gases  upon 
the  explosibility  of  C2H2  in  Ref  6 (For 
more  information  on  explosions  of  acetylene 
and  its  homologs,  consult  CA  under  Acetyl- 
ene) 

Refs : l)Anon,Sprengstoffe,  Waffen  und 

Munition  9,41(1914)  & CA  9,  1115(1915) 
2)British  Statutory  Rules  and  Orders  1919) 
No  809, ''Acetylene  as  311  Explosive”&  CA 
14,468(1920)  3)W.Rimarski&  L.Metz,  Auto- 
gene Metallarbeit,  26,341(1933);  Chem  Ztr 
1934,1,803-4  & CA  29,4942(1935)  4) A, 

Stettbacher,  Pro  tar  8,9 1(1942)  & CA  37,1603 
(1943)  5)E.  A.  Biyumberg  & D.  A.  Frank- 

Kamenetskii,  ZhFisKhim  20,1301-17(1946) 

& CA  41,2969(1947)  6)G.W.  Jones  et  al, 

US  BurMinesReptlnvest  4196(1948)  & CA  42, 
1739-40(1948) 

Acetylene  Black.  See  under  Carbon  Blacks 
Acetylene  Chloride  or  Chloroethyne.  See 
under  Halogenated  Acetylenes 


Acetylene  Condensation  and  Polymerization 
Products  may  be  obtained  by  subjecting 
acetylene  to  the  action  of  heat,  light,  elec- 
trons, alpha-rays,  elec  discharge,  etc  with 
or  without  catalysts  (Ref  1,  l892-3H.One 
such  products  is  cuprene(qv),  which  is  a 
condensation  product  of  acetylene  and  not 
a polymer  as  it  is  usually  called.  The  real 
polymerization  product  of  acetylene  is 
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other  compounds)  in  1866  by  Berth elot  by 
heating  acetylene  in  retorts  of  glass  soften- 
ing at  400-500ctRef  l,p  232).  The  same 
investigator,  prepd  by  silent  electrical  dis- 
charge in  acetylene  some  unidentified  prod- 
ucts of  high  mol  wt  which  decompd  ex- 

: i j.,  ~ -.i a : t ^ 

piuaivciy  uuuu^  uicu  uiaui  i^ivci  a,  p 4J4.) 

Wo  hi  (Ref  2)  proposed  to  use  the  conden- 
sation products  obtained  from  C.H.f  either 
by  the  action  of  heat  or  by  the  silent  dis- 
charge in  the  presence  of  Cu20)  as  com- 
burents  for  various  blasting  expls,  such  as 
those  based  on  black  powder,  NG,  AN, 


Amm  perchlorate,  liq  oxygen,  etc 

Systematic  studies  of  acetylene  polymeri- 
zation were  conducted  in  the  laboratories  of 
the  duPont  Co  and  the  results  are  described 
in  numerous  papers  (see  Ref  3).  Studies  of 
acetylenic  polymers  from  the  point  of  view 
of  their  utilization  in  solid  rocket  propellants 
has  been  conducted  by  Reaction  Motors  (see  * 
Ref  IQ).  Polymerization  under  press  is  de- 
scribed in  Ref  4 and  some  industrial  prod- 
ucts obtained  by  polymerizing  acetylene  are 
listed  in  Ref  5 

Shimizuya  & Kimura(Ref  6)  proposed  a 
smoke- producing  mixt  contg  as  the  principal 
ingredient  a product  obtained  by  treating 
C-H-  Dolvmer  (consisting  mainlv  of  divinvl- 

'it  if  1 * ' ^ 

acetylene)  with  5-6  atoms  of  chlorine  at 
60-70°.  Other  ingredients  of  the  smoke  mixt 
are  Al,  KClOj  and  kieselguhr 

According  to  Saito(Ref  7),  the  acetylene 
trim ers obtained  as  byproducts  in  the  prepn 
of  CH2:CH.  C:  CH  by  condensation  of  acetyl- 
ene are  expl.  They  can  be  stabilized  by  hy- 
drochlorination in  the  presence  of  a complex 
salt  of  CuCl  and  NH4C1  to  yield  additive 
compds  contg  1 or  2 mols  of  HC1,  from  which 
they  are  separated  by  distn.  Nakagawa(Ref  8) 
reviews  the  chemistry  of  poiyacetyienes  and 
gives  25  references.  Polymerization  of  acetyl- 

AM#.  I A ~l  MA  J!  AM..  A A A J ! - H f>.  / C' _ __ 

la  ai^u  uid^ud^cu  i ii  i\ci  y y occ  bu 

Cuprene) 

Refs:  DBeil  1,232,(1 01), [211]  & 1892-5} 

2) A.Wohl, BritP  145,258  & 145,597(1920) 

& CA  14,35  3 3(19  20  ) 3)J.  A.Nieuwland,  W.H. 

Carothers  and  others,  ’‘Acetylene  Polymers 
and  Their  Derivatives,”  series  of  articles 

in  JACS  53,4197-4225(1931);  54,4066-76 
(1932);  55,786-95,  1094-1101,  1622-31,  2004- 
12,  2040-51,  2807-17  , 466  5-70  & 5077(1933); 
56,1167-70,  1625-8  (1934);  57,1978-84,  2255- 
59  & 2739(1935);  58,1747-49(1936)  4)H.W. 

Stark  weather"  Polymerization  under  High 
Pressure" JACS  56,  1870-74(1934)  5)M. 

Piganiol/'New  Industrial  Acetylene  Poly- 
merization Derivatives”  BulIFr  9,749-58 
(1942)  & CA  38,3248(194 4)  6)N. Shimizuya 

& T.Kimura,  JapanP  175,984(  1948)  & CA 
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45,5341(1951)  7)H.Saito  et  al,  Japan  P 
172,910(19 46)  & CA  46,50  7 2(19  5 2)  8)B.T. 

Brooks, 'The  Chemistry  of  Nonbenzoid  Hy- 
drocarbons” Reinhoid,  NY(1950),  474  8a) 

M.Nakagawa,  Kagaku(Japan)  10,658-65 
(1955)  & CA  49,15721(1955)  9)R.  A. Raphael, 

'Acetylenic  Compounds  in  Organic  Synthesis,’* 
Academic  Press, NY(1955),  105,152  & 159*60 
10)Reacdon  Motors  Division  of  Thiocol 
Chemical  Corp,  Denville,  NJ,  Report  RMI> 
157F(  Final  Rept)  by  G. Golub  & D.  Perry, 
‘'Acetylenic  Polymers  for  Solid  Propellants” 
(1959). Contact  NOrd  17851(Conf)  (Was  not 
used  as  a source  of  info) 

Acetylenecyanide  or  Acetyienenitrile.  See 

Cy  ano  ac  etyl  en  e 

Acetylene  Derivatives.  Under  this  term  are 
listed  compds  obtained  by  substituting  the 
hydrogen  atoms  of  acetylene  or  its  homologs 
with  metals, with  halogens  or  with  organic 
or  inorganic  radicals.  In  case  of  substitu- 
tion with  metals,  the  compds  are  called 
acetylides  (qv),  whereas  the  other  derivs 
are  usually  called  acetylenic  compounds 
Following  examples  of  acetylenic  compds, 
some  of  which  are  expls,  were  isolated  by 
Italian  investigators  from  mists  obtained  by 
passing  acetylene  into  fuming  nitric  acid 
(d  1.52):  a)Straw-yel  expl  substance  melting 
at  78°  without  decompn;  when  crystd  from 
benz  or  petrol  eth,  copious  evoln  of  nitrous 
fumes  occur  and  transparent  col  crysts  of  a 
neutral  compd,  C4H3N403,  melting  at  108°, 
separates  b)Mono*basic  acid,  C4H,N03 
sepg  from  toluene  in  large  It  yel  crysts 
melting  at  149°,  form  a stable  silver  salt 
which  espl  mildly  at  165°  c)Diazoimide 
C3HjN40,  a refractive  oil  explg  with  great 
violence  on  heating 

kefs:  1)G.  Testoni  & L.Mascarelli,  Atti 

Reale  Accad  Lincei  [V]10  I,  442*4(1901); 

JCS  80  I,  494-5(1901);  Gazz  31,  461(1901) 

& 33  II,  319(1903)  2) A. Quilico  & M.Freri, 

Gazz  60, 172*84(1930)  & CA  24,3789  (1930) 
Note:  More  refs  on  acetylene  derivatives 
are  given  under  Acetylene— Nitric  Acid  Re- 
action Studies 


Acetylene,  Acetylenic  Compounds  and 
Acetylides;  Analytical  Procedures. 

Hydrogen  atoms  adjacent  to  the  triple  bond 
of  an  acetylenic  compd  are  easily  replaced 
by  silver,  cuprous  or  mercurous  atoms  and  the 
resulting  metallic  derivs  are  usually  insol  in  w 
Following  methods  are  described  by  Siggia 
(Ref  7a,  pp  48*58)  t 

A) Ammonical  silver  nitrate  method,  in  which  ' 
the  excess  silver  is  detd  volumetric  ally  by 

0.  IN  NH4  CNS  soln.  Ppt  of  AgC:  CR  which 
forms  during  this  reaction  is  expl  and  should  be 
destroyed  as  described  under  Silver  Acetylide 

B) Alcoholic  silver  nitrate  method  in  which 
the  following  reaction  takes  place: 

2AgN03  + HC:  CR-»  AgC  I CR.  AgN03  4 HNO,, 
the  liberated  HN03  is  titrated  by  std  alkali. 
This  method  is  especially  useful  for  H30- 
insol  samples  but  it  can  also  be  used  for 
HjO-sol  samples 

QAmmoniacal  silver  nitrate  method  which 
is  applicable  to  samples  contg  aldehydes; 
aldehydes  are  serious  interferences  in  methods 
A & B because  they  reduce  the  silver  ions 
present 

D)  Cuprous  method,  described  in  Ref  7a,  pp 
57*8,  involves  reaction  of  cuprous  chloride 
with  the  acetylenic  compd  in  a pyridine 
soln,  according  to  the  equation:  Cu3Clj 
42HC  J CR->  2CuC : CR  + 2HC1.  The  liberated 
HC1  is  titrated  with  std  alkali.  This  method 
is  not  as  accurate  as  silver  methods,  but  it 
is  applicable  to  samples  with  which  silver 
cannot  be  used  because  of  interfering  re- 
actions 

Piganiol(Ref  8)  also  describes  silver  nitrate 
and  cuprous  chloride  methods,  as  well  as 
the  following  additional  methods: 

E) Potassium  iodo-mercurate  reagent,prepd 
by  dissolving  66  g HgCl3  and  163  g KI  in 
160  ml  w and  adding  125  ml  of  10%  NaOH 
soln.  Acetylenes  give, in  ale,  ppts  (RC  : - 

C) a  Hg  whose  mp's  are  characteristic.  For 
instance,  (CH,-C:QaHg  has  mp  203-4°, 
whereas  (CjH5 -C  ; C):Hg  has  mp  l62_3°*  This 
method  permits  detn  in  some  cases  of  the 
structure  of  pptd  compd,  asdoesche  Raman 
spectra  method 
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F)Raman  spectra  method  is  the  only  physical 
method  used  at  present  to  detect  an  acetyl- 
ene compd  in  a complex  mixt.  The  method 
is  not  as  rapid  as  chemical  methods,  but  it 
gives  more  valuable  info  about  the  entire 
structure  of  the  molecule  (Ref  8) 

For  detn  of  acetylene  in  air  or  other  gases 
the  following  procedures  can  be  used: 

a)  For  small  conen  of  acetylenes  (up  to  ca 
2%),  the  measured  vol  of  gas  is  passed 
through  a cuprous  chloride  or  silver  nitrate 
reagent  until  an  appreciable  amt  of  ppt  forms. 
An  apparatus  of  the  Orsat  type  can  be  used 
(Ref  8) 

b)  For  high  concns  of  acetylenes,  the  gas 
can  be  passed  through  coned  HaS04  using 
the  Orsat  apparatus.  Olefins  are  also  ab- 
sorbed, If  silver  nitrate  soln  is  used  for 
absorption  of  gas,  olefins  do  not  interfere 
but  ammonia  and  carbon  disulfide  do  (Ref  8) 

c)  Fractionation  methods  in  columns  of  Pod- 
bielnlak  or  McMillan  type,  operating  at 
slightly  above  atm  press  to  eliminate  the 
freezing  of  acetylene  in  the  column  (Refs 

4 & 7) 

In  detn  of  di substituted  acetylenic  compds, 
formation  of  ppts  is  observed  only  when  us- 
ing mercuric  salts  (chloride,  sulfate  or 
nitrate),  but  this  reaction  is  not  specific 
because  some  ethyl enic  compds  and  compds 
contg  certain  oxygen  and  nitrogen  groups 
also  give  ppts.  This  method, ho  wever,  can 
be  used  in  conjunction  with  the  Raman 
spectra  method  (Ref  8) 

According  to  Piganiol(Ref  8),  the  problem 
of  detection  of  various  acetylenic  compds  in 
a mixt  is  fairly  complicated  and  must  be 
solved  individually  for  each  particular  case. 
Sometimes  several  methods  must  be  tried 
before  the  problem  is  solved 

Following  methods  may  be  tried  for  solv- 
ing each  problem: 

a)  Detn  of  carbon  and  hydrogen  atoms  by 
combustion 

b)  Absorption  of  CaH2 contg  gas  by  80%  sul- 
furic acid 

c)  Measurement  of  d of  mixt 

d)  Use  of  mercuric  cyanide  for  absorption  of 


some  ingredients  of  mixt,  such  as  di  vinyl 
acetylene  and  tetramers  and  detn  of  the  amt 
of  carbon  in  residue 

Analysis  of  acetylenes  for  impurities  is 
briefly  discussed  in  Kirk  & Othmer  (Ref  7) 

Refs:  l)BeiI  1, 237* 8, ( 10 3* 4), [2 16- 17]  & 

J 908-9 J 2)E.Berl  in  Berl-Lunge,  "Chemisch- 

Technische  Untersuchungen, ’’Berlin  1(1931), 
649;  3(19 3 2), 707  & 722  & U.Stolzenberg,  Erg- 
Bd  2(1939)112  & 121  3)C.Coul son- Smith 

& A.P.Seyfang,  Anal  67, 39-41  ( 1942)( Colori- 
metric method  for  estimation  of  small  quan- 
tities of  acetylene  in  air)  4)H.P.McKoon 
& H.  D.  Eddy,  IEC,  Anal  Ed  18, 133(  1946)(Detn 
of  traces  of  acetylene)  5)C.D.  Wagner  et 
al,  Ibid  19, 10 3(  1947 )( Detn  of  mono-  and  di- 
alkyl acetylenes)  6)T.  A.Geisman  et  al, 

Ibid  19,919*21(  1947)(Detn  of  traces  of  acetyl- 
ene in  air)  7)Kirk  & Othmer  1,(1947)  114- 
16  7a)S,Siggia,  "Quantitative  Organic 
Analysis  Via  Functional  Groups  ."Wiley,  NY 
(1949)  8)P.PiganioI,  "Acetylene  Homologues, 
and  Derivatives,"  Mapleton  House,  Brooklyn 
( 19  50)(  Tran  slated  from  the  French  by  F.A. 
Hessel  & J.B. Rust),  27 6-9( Numerous  refer- 
ences are  given)  9)LMarszak  & M.Koulkes 
MSCE  36, 4 2 1-6(  19 5 1)( Detg  the  true  CjH* 
functioning  group  by  using  Ag  benzoate) 
10)M.KouIkes  & I.  Marszak,  BullFr  [V].  19, 
556-7(1952)  & CA  46 1 ioo  50(19  5 2)(  Detg  the 
true  C2Hj  functioning  group  by  using  the 
AgNOj— CjH4  diamine  complex)  ll)Ullmann 

3(1953), 59  12)Org Analysis,  v 2(1954),  40 
& v 3(1956),  329 

Acetylenedicarboxamide.  See  under  acetyl- 
enedi carboxylic  Acid  and  Derivatives 
Acetylenedicarboxanillde.  See  Bis(carbox- 
anilideacetylene,  also  called  Di(N-phenyl- 
c arbo  xami  de)-  ac  ety  1 en  e 

ACETYL ENEDICARBOXYL1C  ACID 
AND  DERIVATIVES 

Acetyienedi carboxylic  Acid  (Acetylendi- 
carbonsaure  or  Butindisaure,  in  Ger;  Acide 
Acetylenedicarboxylique,  in  Fr), 

HOjC.  C : C.  COaH,  mw  114.06,  OB  to  COt 
-70.1%,  OB  to  CO  -14.0%.  Plates,  mp 
178-80^ decomp).  Very  sol  in  w,  ale  and  eth; 
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crysts  from  soins  as  a dihydrate.  May  be 
prepd  by  the  method  of  Baeyer  from  a,  a'  - 
dibromo succinic  acid  and  ale  KOI1  (Ref  3).  A 
modified  version  of  the  prepn  is  given  in 
Refs  4 & 5.  Gilman  & llaubein(Ref  6)  prepd 
it  by  stirring  vinyl  bromide  and  n-butyl- 
lithium  in  ether  for  15  mins  and  carbonating 
the  resulting  milky  mixt  with  dry  ice 
Its  silver  salt  detonates  violently  from 
heat  or  shock  as  was  found  by  Bandrowski 
(Ref  2).  This  property  is  not  mentioned  in 
Beil,  although  the  salt  is  listed(Rcf  l,  2, 

80  2) 

Kefs:  1)  Beil  2,801,(317)  & [670|  2)1-:.  Band- 
rowski, Ber  10,841(1877)  3)  A.  Raeyer,  Ber 

18,677-8(188  5)  4)M.J.  Backer  & J.M.Van 

der  Zanden.Rcc  47,77S(192S)  5)OrgSynth, 
Col l Vo  1 2(1943),  10  6)H. Gilman  & A. If. 

Ilaubein,  JACS  67,1421(1945) 

Acetyienedicarboxamide  or  Bl s(carboxami de)- 
acetylene;  HtN  . OC . C '■  C . CO  , NM2,  mw 
120.09,  N24.99%-  Microcrystallinic  powder, 
mp-dec  at  294°;  sparingly  sol  in  w,  ale,  eth, 
chlf  & AcOH.  Was  prepd  by  treating  dimethyl- 
ace  thy  lenedi  carboxyl  ate  with  ammonia  at 
10° 

Kefs i l)Beil  2,(317)  2)Ch.Moureau  & J. 
Bongrand,  AnnChim(  Paris),  [91,14,12(1920) 

Monon  i troacety  I enedi  carboxamide,  (OaN)- 

HN  CO  . C • C . CO  . NH2-not  found  in  Beil 
or  CA  through  1956 
Dinitroacety!  enedicarboxomide, 

(OjN) . HN.  CO.  CiC  - CO . NH(N03)-not 
found  in  Beil  or  CA  through  1956 
Acetylenedlchloride.  See  under  Ualogenated 
Acetylenes 

ACETYLENEDIUREIN  OR 
GLYCOLURIL  AND  DERIVATIVES 

Acetylenediurein,  Glycoluril  or  Tetrahydro- 
imidoz[  d|imidazole-2,5(lN,3H)-dione  ( Acetyl- 
enediureide;  Glyoxaldiureide)( Acetylene  di- 
ur£e,  in  Fr)  } Acetylendiurein,  Glyo  xaldiurein; 
a . a - fi— Diureylen-jithan;  Dioxo-hexa- 
hydro-[imidazolo-4'  ■ 5'  : 4.  5—  imidazoll;  Gly- 
koluril  or  Acetylenharnstoff,  in  Gerj, 


NH-CH-NH 

oc x 1 \:o, 

x NH-CH-NH  ^ 

mw  142.  12,  N39.43%,  OB  to  CO,  -101.3%, 

OB  to  CO  -56.3%.  Wh  mils,  mp  297°  with 
decompn,  decrepitates  on  heating  above 
mp;  Qc  465.4  keal/mol,  Qj  464.5,  Ovf  + 115.2 
and  QP  i 1 18.6  kcal/mol(Ref  5,  p 83)  It  is 
si  sol  in  w and  nearly  insol  in  ord  solvents. 
Was  prepd  in  1877  nearly  simultaneously  by 
$chiff( Ref  2)  ;ind  by  Bottinger( Ref  3)  from 
glyoxal  and  urea.  Several  other  methods  are 
listed  in  Ref  1.  Riltz  & Schiemann(Ref  4) 
prepd  it  by  heating  a mixture  of  glyoxal, 

Nu  bisulfite  and  urea  in  aq  MCI.  The  compd 
was  suggested  as  an  ingredient  of  propellants 
(Kef  5) 

Its  silver  salt,  Ag3C4H4N402  is  explosive 
(Ref  I,  p 442) 

Note:  Numbering  of  acetylenediurein  ring 
includes  three  different  systems:  a)Reil- 

stein  system  b)CA  system  prior  co  1927 
and  c)CA  system  since  1927.  We  are  using 
system  c 

Kefs:  l)Beil  26,441-2,(130  & [260[  2)H. 

Schiff,  Ann  189,157(1877)  3)C.  Bottinger, 

Ber  10, 192X  1877)  4)H.  Riltz  A G.Schiemann, 

JPraktChem  113,98(1926)  5)l3- Tavernier 

& M.Lamouroux,  MP  38,67-8  Si  83(  1956) 

Azidoacetylenediurein,  C5M5N7Oj-not  found 
in  Beil  or  CA  through  1956 
Mononitroacetylenedivreln,  C4HS  Ns04-not 
found  in  Beil  or  CA  through  1956 
Dinitroacetylenadiureln  or  Dinitroglycolurll, 
C4H4N6Ot,  mw  232-  12,  N 36.  2195,  OB  to  C02 
-27.6%,  OB  to  CO  - 0%.  One  isomer  to  which 
Franchimont  & Klobbie  assigned  the  structure, 
^ NH . CH . N(NOj) 

oc  [ ;co 

V NH  . CH  . N(NOj) 

is  known.  It  i s a wh  pdr  which  deflagrates 
at  217rt  without  melting.  It  was  obtained  by 
treating  I part  of  acetylene  diureine  with 
5 parts  of  abs  nitric  acid.  The  structure  of 
this  compd  was  not  definitely  established. 
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It  decompd  on  heating  with  w but  was  not 
attacked  by  aq  ammonia  (Refs  I Sc  3) 

Another  dinitro-compd,  called  by  Fran- 
chimont  & Klobbie  Uodinitroglycolurlle  , 
wh  microscop  crysts,insol  in  ordinary  org 
solvents  and  sol  in  coned  nitric  acid  was 
also  obtained  from  acetyl enediurein  and 
absol  nitric  acid.  It  was  distinguished  from 
the  first  isomer  by  the  fact  that  the  iatter 
was  not  decomp  on  heating  with  w but  was 
decompd  by  aq  ammonia  at  RT  (Refs  1 & 3) 
Refs:  l)BeiI  26,  443  2) A. Franchimont 

& E. Klobbie.  Rec  7,18-19  & 246(1888)  3) 

Ibid,  8,290-1(1889) 

Note:  No  later  refs  were  found  in  CA  through 
1956 

Trinitroaeetylenediurein , C4H3N7Oa  and 
Tetranitroacetylenediurein,  C4H2N,O,0-were 
not  found  in  Beil  or  CA  through  1956 

Acetylene,  Halogenated.  See  Halogenated 
Acetylenes 

ACETYLENE  HYDROPEROXIDES 
AND  PEROXIDES 

A series  of  compds  which  contain  both 
acetylene  bonds  and  peroxide  groups,  was 
synthesized  by  Milas  et  al  by  using  a modi- 
fication of  the  sulfuric  acid-hydrogen  perox- 
ide method  originally  described  in  Refs  1 & 

2.  The  procedure  consists  essentially  in  al- 
lowing an  acetylenecarbinol,  R1.R2.C(OH)r 
C-CH  or  glycol  R3.  Rj.C(OH).C  i C(OH).R,r 
R,,  in  which  R,  & R,  are  various  hydrocarbon 
radicals,  to  react  at  low  temp  with  hydrogen 
peroxide  in  the  presence  of  sulfuric  acid  of 
suitable  strength 

Following  types  of  compds  were  prepd: 

A)  Acetylene  hydroperoxide*,  R,R2.C.  CiC, 

OOH 

such  as  l i-dsmethyj-2-propynylhydfoporo*- 
ide  or  S-methyl-S-hydroperoxy-l-butyne, 
(CfI3)jC(OOH).  C-:CH,  oxygen  16.0%.  Liq> 
bp  42  to  52.2°  at  17  mm,  d 0.9540  at  25° 
and  n^  1.4295;  l,1'dlethyl-2-propynylhydro- 
peroxide  or  3-methyl-3-hydroperoxy-l- 
pentyne,  (C  2H5)2C(00H)  . C l CH,  oxygen 

14  n<Z.  I. to.  hn  4R-4n°  ar  K mm  /I  n 

- 1J  - r ^ *“)  - V.//1/ 


at  257  4°,  n2D5°1.4369 

n\  A - J:  I I J__ 

D)Mtf?ijfiVii»:  uiiijrurvpcruxiut;», 

R.R.C  C -C.CR.R. 

t I 

HOO  OOH 

such  as  1, 1,4, 4-tetromethyl-2-botynylene- 
dihydroperoxide  or  2, 5- dimethyl -2,5- dihydro- 
peroxy-3-hexyne,(CH3)jC(OOH).  C i QHOO)C- 
(CH,)2,  oxygen  18.4%.  Solid,  mp  107-9° (de- 
comp); 1,V  -dihydroperoxy-1,  V -dicyclohexyl- 
acetylene, 

CH2-CH2  pH2-CH2 

h r.  v ^r_r : r_r  Vh 

,-2_  r..2, 

ch2-ch2ooh  jch2-ch2 

OOH 

oxygen  12.6%;  solid,  mp  95°  (decomp) 

2, 5-dimethyl-2,5-di-(t-botylperoxy)-3-hexyne, 

(CHj)2C— C ; C -QCHj), 

(CHj)jCOO  OOC(CH3)  j 


Liq,  bp  65-7°  at  2 mm,  d 0.881  at  25°,  n^ 
1.4219 

QDiolkynyl  peroxides, 

R,  R2C-0  0-CR1R1 

I I „ • 

HL.  :C 


such  as  bis(  1, 1-dimethyl-2-propyny))-perox- 
ide  or  di-(3-methyibutynyt)-3-peroxide, 


(CH3)2C— GO— C(CHj)a 


HC i C C = CH 


Liq,  bp  60°  at  76  mm;  bi*(  1-methyl-l- 
ethyl-2-propynyl)peroxide  or  di-{3-methyl- 
peniynyl)-3-perOxide, 


(CHjX  CjH5  )C— 00 )( CH3) 

HC  j C C 5 CH 

T in  br»  ar  7 mm  A fl  On  3fl  nt 

i»  — r * w*  s > — * > — v./v  i./  / t 

and  n2^  1.4390 

These  peroxides  are  stable  but  they  can 
be  detonated  by  means  of  a blasting  cap 

Refs:  1)N. A.Milas,  USP  2,223£07(  1940)  & 

CA  35,1802(1941)  2)N. A.Milas  & D.M. 

SurgenorJACS  68, 206-7(  1946)  3)N.  A.Milas 
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& O.L.Mageli,  J ACS  74,1471*3(1952)  & 

CA  48,545(1954)  4)Kirk  & Othmer  10(1953), 
68-9 

Acetylene,  Manufacture  of  Tetranitromethane, 
From.  See  PATR  2510(1958),  p Ger  195,  unde 
Tetan 

Acetylene-Nitric  Acid  Reactions  Studies.  Re- 
actions between  acetylene  and  nitric  acid 
were  studied  in  Italy  as  early  as  1901  by 
Baschieri,(Gazz  31  11,462),  in  1902  by  Tes- 
toni  & Mascarelli  and  in  1903  by  Mascarelli 
A.Quilico,  M.Freri  and  other  investigators 
found  that  the  earlier  work  was  incomplete 
and  questionable  and  for  this  reason  they 
repeated  some  of  the  earlier  work  and  pub- 
lished a series  of  papers  in  Gazz,  beginning 
in  1929(vol  59).  The  products  which  they 
examined,  many  of  them  explosive,  were  prepd 
by  bubbling  a slow  current  of  purified  acetyl- 
ene through  fuming  nitric  acid.  Following  is 
a selected  list  of  papers  and  the  names  of  the 
expl  compds  prepd  by  Q & F: 

a) Gazz  59,930-41(1929)  & CA  24,3484(1930) 
(An  expl  comp d presumably  5-isoxa2olecar- 
borylic  acid.  This  compd  was  reexamined 
in  1942  and  the  results  were  published  in 
Ref  m) 

b) Gazz  60,721-44(1930)  & C A 25, 1247(1931) 
(An  expl  compd,  C4H2N407,  which  was  not 
identified)(See  Ref  h) 

c)  Gazz  61,484-500(1931)  & CA  26,454(1932) 
(The  constitution  of  an  expl  compd, 

C4HjNaOT,  was  partially  established).  There 
was  also  prepd  an  expl  oil  heavier  than 
water,  CjHaON,,  bp  147°  at  155  nim 

d) Gazz  61,759-72(1931)  & CA  26,1606 
(1932)(The  structure  of  a previously  prepd 
expl  oil,  CjHjON,,  was  partly  established) 

e) Gazz  61,970-6(1931)  & CA  26,2978(1932) 
(Prepn  and  some  props  of  a-i  sox  azole  amine 
hydrochloride  and  diazoaminoisoxa2ole) 

f) Gazz62, 436- 44(1932)  & CA  26,  5561 

( 19 32)(Mono substituted  derivs  of  a-i  soxazole- 
carboxylic  acid,  etc) 

g) M.  Freri.Gazz  62,457-63(1932)  & CA  26, 
5952(1932)(Some  expl  derivs  of  a.  izoxa- 
xoiecarboxylic  acids  and  of  a-  methyl- 


isoxazolecarboxylic  acid 

h) Gazz  62,503-18(1932)  & CA  62,5953-4 
(1932)(The  structure  of  a previously  prepd 
expl  compd,  C4H2N607j  was  established  as 
ON:CH.CH:CN:N.qN02),.  The  compd  was 

named  a-isoxazoleazotrinltromethane.  Benz- 
enes zotrinitrom  ethane  and  its  nitro compd 
p-nitrobenzeneazotrinltromethane  were  also 
prepd 

i) Gazz  62,9  1 2-27(19  3 2)  & CA  27,1348(19  33) 
(More  info  on  benzeneazotrinitromethane, 
p-nitrobenzeneazotrinitrom ethane.  Prepn  an 
props  of  other  expl  compds  are  given,  such  a 
/3-nophthylazotrinltromethane  and  p,p*  • 
biphenylenebisozotrinitromethane) 

j) Gazz  65,120  3-13(19  3 5)  & CA  30,5219-21 
(1936)(Prepn  and  establishment  of  structure 
of  eulite.  It  decomp d explosively  when 
heated  above  its  rap,  102.8°) 

k) Gazz  66,278-99(1936)  & CA  31,180  5(1937) 
(Prepn  of  the  mercuric  salt  of  eulite,  which 
exploded  violently  on  heating) 

l) Gazz  71,327-42(1941)  & CA  36,771(1942) 
(Nitro,  amino  and  diazo  derivs  of  isoxazole 

m) Gazz  72,458-74(1942)  & CA  39,2753-4 

( 1945)(By  means  of  a synthesis  of  isoxazol 
derivs  with  fulminic  acid,  it  was  establish* 
that  the  structure  of  the  acid  reported  in 
Ref  a is  incorrect.  It  should  be  3-isoxazole 
carboxylic  acid) 

n) Gazz  76,3-29(1946)  & C A 41, 380- 2(  1947) 
(Further  investign  of  the  compd  described 
in  Refs  a and  m.  Prepn  of  some  derivs  of 
furazan.  Silver  salts  of  4-(3-isoxazolyl)-3. 
furazancarboxylic  ocid  and  of  3-furazanace 
4-carbaxyiic  acid  are  explosive) 

o) Gazz  76,30-43,  87-107,  195-9(1946)  & CA 
41, 38  2- 6(19  47>(  Further  work  on  eulite) 

Acetylenenltrile.  See  Cyano acetylene 

Acetylene -Oxygen  and  Acetylene-Air  Mixti 

were  examined  in  Japan  and  the  results  ar 
reported  in  the  following  refs: 
l)R.Kiama  et  al,  RevPhysChemJapan  23, 
43*8(1953)  & CA  48,8544(1954)  (A  mixt  of 
54%  CjH2  and  46%  0,  initially  at  270°  and 
10.9  atm,  exploded  on  being  compressed 
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rapidly(0.7sec)  to  56.  1 atm.  No  expln  was 
observed  with  mixts  of  C2H2-air  treated 
under  similar  conditions)  2)R.Kiyama  et 
al,  RevPhysChemJ  apan  24, 4l-8(  1954)  & 

CA  49,  12006(  1955)(Wixts  of  C2I12  and  O or 
air  at  10  kg/cm2  were  rapidly  introduced 
into  a heated  vessel  and  the  occurrence  or 
nonoccurrence  of  an  expln  was  noted.  The 
min  expln  temp  for  C2!!2-D  mixts  was  220- 
30°  and  for  C2H2-air  mixts  ca  390°.  Addn  of 
a small  amt  of  CC14  elevated  the  temp  of 
expln  about  25°,  while  addn  of  H2G  vapor 
elevated  the  temp  even  more.  In  both  cases 
the  resulting  expins  were  more  severe  than 
without  the  addns)  3)N-Terani shi,  Rev 
PhysChemJapan  25,58*63(1955)  & CA  50 
8207(  1956)(Previous  work  on  the  expln  of 
mixts  of  C2H2  with  O and  air  at  10  kg/cm2 
press  was  continued.  Explns  of  C2H2- 
air  mixts  were  less  violent  than  correspond- 
ing CjIIj-0  mixts.  The  addn  of  small  amts 
of  HjO  to  C2H2  mixts  increased  the  temp  of 
expln  while  addn  of  small  amts  of  methanol 
increased  the  temp  only  for  a C2H2/0  ratio 
greater  than  2.  N retarded  the  propagation 
of  expln  and  an  increase  in  the  press  of 
either  the  air  or  the  O mixts  decreased  the 
temp  required  for  spontaneous  expln) 

Acetylene  Ozontde.  Briner  & Wunenburger 
(Ref  1)  reported  that  the  action  of  ozone  on 
acetylene  carried  out  in  a gaseous  phase, 
resulted  in  expln,  but  few  crysts  of  ozonide 
were  obtained  when  reaction  was  carried 
out  in  soln  and  at  low  temps.  These  crysts 
could  not  be  properly  investigated  because 
they  exploded  violently  a short  time  after 
their  prepn.  Hurd  & Christ(Ref  2)  conducted 
ozonization  of  some  acetylene  derivs  with 
5-10%  solns  of  ozone  in  chlf.  Jacobs  (Ref 
3)  conducted  ozonization  of  some  di substi- 
tuted acetylenes.  Dallwigk  et  a!  (Ref  4) 
detd  infrared  spectra  of  ozonides  of  some 
acetylene  derivs 

Re/s:  1)E.  Briner  Sc  R.  Wunenburger,  Helv 

12,78  6-90(19  2 9)  & CA  23,  5156(1929)  2) 

C. D.Murd & R.E.Christ  JOC  1,141(1936) 

3) T.L. Jacobs,  JACS  58,2272-3(1936)  4) 


E. Dallwigk,  et  al,  Heiv  35,1377-84(  1952)  & 

CA  46,8965(1952) 

Acetylene  Peroxides.  See  Acetylene  Hydro- 
peroxides and  Peroxides 
Acetylene  Reactions  are  described  in  the 
following  references: 

l)Beil  1,232-37,(101-3),  [211-161  & 1892- 
907 1 2)J.  A.Nieuwland  & R.R.Vogt,  "The 

Chemistry  of  Acetylene,"  Reinhold, NY(  1945) 
3) A. W. Johnson,  "The  Chemistry  of  Acetyl- 
enic Compounds,"  Arnold, London,  1(1946) 

& 2(1950)  4)Kirk  & Othmer  1(1947),  101*2 
5)E.D.  Bergmann,  "The  Chemistry  of 
Acetylene  and  Related  Compounds,”  Inter- 
science, NY(  1948)  6)J.  W.Copenhaver  & 

M.H.  Bigelow,  "Acetylene  and  Carbon  Monox- 
ide Chemistry,"  Reinhold, NY(  1949)  7)C. 

Gardner,  J.D.  Rose,  B.Weedon,  J.B.  Batty, 

R.  A. Gale  and  others  made  a special  study 
of  acetylene  reactions  and  the  results  of 
their  work  were  published  in  JCS  1949,780- 
79 6 8)P-Piganiol,  "Acetylene,  Homologs 
and  Derivatives,"  Mapleton  House,  Brooklyn 
( 1950)(  Translated  from  the  French)  9)P>T, 
Brooks,  "The  Chemistry  of  Nonbenzoid 
Hydrocarbons,  "Reinhold,  NY(  1950),  474-88 
Acetylene  Tetrachloride.  A misnomer  for 
1, 1,  2, 2-Tetrachloroethane 
Acetylene  Tetra urethane.  See  Ethane  Tetra- 
urethane 

Acetylenic  Compounds  are  organic  com- 
pounds contg  at  least  one  triple  bond  -O  C-  . 
They  may  be  hydrocarbons,  alcohols,  acids, 
aldehydes,  etc.  The  acetylenic  hydrocar- 
bons include,  in  addition  to  acetylene  (qv), 
the  higher  members,  such  as  ailylene  or 
propyne  HSCC:CH,  crotonylene  or  butyne  -2 
H3C.C  l C.CHj,  valerylene  or  pentyne  -2 
H,C2.C:C.CH„  etc 

Considerable  research  on  acetylenic 
compds  was  conducted  before  and  during 
VAV  II  in  Germany,  especially  by  W.  Reppe 
et  al.  In  more  recent  years,  research  on 
acetylenic  compds  was  conducted  by  a 
group  of  investigators  in  Gt  Britain:  K. 
Bowden,  E.R. Jones,  Sir  Ian  Helbron, 
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E. J.  Haynes,  B.C.  Weedon,  E.  A.  Braude, 

F. Sondheimer,  M.C  Whiting,  H.B.Henbest, 
T.Y.Shen,  E.M,  Fowler,  G. Eglington,  etc. 
Results  of  their  work  were  described  in 
numerous  papers  published  in  JCS,  begin- 
ning in  1946.  Many  acetylenic  compds  are 
described  in  refs  listed  under  Acetylene 
and  Acetylides 

Following  are  some  additional  references 
on  acetylenic  compounds  which  might  be  of 
interest  as  explosives: 
l)C.L.Leese  & R.A.Raphael,  JCS  1950, 

27  29,  & CA  45,3324(1951)(In  the  course  of 
synthesizing  long-chain  aliphatic  acids  from 
acetylenic  compounds,  some  expl  substances 
were  obtained,  eg,  methylnonylthiuronium 
picrate,  Cl7H27Ns07S,  N 15.7%,  mp  > 300 °, 
detonated  violently  on  rapid  heating  2) 

J.  B.  Armitage  et  al,  CA  47, 1034(  1953)(In 
the  prepn  of  mono  substituted  derivs  of  di- 
acetylene, a small  quantity  of  an  expl  product 
corresponding  to  the  formula: 
H2C:CH-CH2.C-C.CiCH 
was  obtained.  It  was  a liquid,  bp  42°  at 
150  mm,  njL^  1.4038  3)  T.  Herbertz,  Ber 

85,475-82(1952)  & CA  47, 1574 ( 19 53)(In  the 
syntheses  of  acetylenic  compds,  starting 
with  di acetylene,  some  expl  substances 
were  obtained,  eg,  C1CH2C  I CCH2C1,  liq, 
bp  110°  at  5*6  mm,  expl  decompn  ca  120° 

Acetylenic  Derivatives.  See  Acetylene  De- 
rivatives 

Acetylenic  Polymers  for  Solid  Propellants. 

Title  of  a series  of  the  Reaction  Motors  Inc 
Reports,  Project  157.  Contract  NOrd,  17851 
(1957)(Ccmf)  (Were  not  used  as  sources  of 
info) 

Acetyl  glycine,  Ax|d«  (Azidoacetylglycine 
or  Triazoacetylglycine),  CH3.CO.N(Nj).CHjt 
COOH,  mw  158.12,  N35-44%,  Explosive,  un- 
distillabie  oil.  Was  prepd  from  glycine  and 
azidoacetic  acid 

Refs:  l)Beil— not  found  2)K.  Freuden- 

berg  & R. Keller,  Ber  7 IB,  334(1938)  & CA 
32,2905(1938) 

1- Acetyl  hexahydro-3,5-dinitro-s-triax!ne. 


See  I-Aceto-J^-dinitro-triazacyclohexane 
under  Acetotriazacyclohexane  and  Derivatives 

N-Acetylhexahydrodiphenylamine.  See  N- 
Cyclohexyl  acetanilide 
Acetylhexahydrotriaxlne,  See  Acetotriaza- 
cyclohexane 

ACETYLHYDR AZOBENZENE  AND 
DERIVATIVES 

N-Acetylhydrazobenxene  or  N-Acetyl-N,N’  - 
diphenyl  hydroxine(  Acetic  1,2-diphenylhydra- 
zide), 

CO . CH, 

I 

C6Hj  . N . NH . C#Hj , 

mw  226.27,  N 12.38%,  OB  to  CO2-240.4%. 

Ndls  (from  hot  ale),  mp  159°,  Q c 1792.9  kcal/ 
mol(Ref  3);  insol  in  w & alkalies,  si  sol  in 
ale  & eth.  Was  prepd  from  hydrazobenzene 
and  acetic  anhydride(Ref  2) 

Refs:  l)BeiI  15,244,(64)  & [93]  2)D. 

Stern,  Ber  17,380(  1884)  3)A.Pongratz, et 
al,  Ber  77,651-4(1944)  & CA  40,6068{  1946) 

Azldo-Diazldo-  and  Nitrated  Acetylhydrazo- 
ben zones— were  not  found  in  Beil  or  CA 
through  1956 

ACETYLIDES  AND  CARBIDES 
(INORGANIC) 

Acetylides  (Acetylene  Derivatives,  Inorganic) 

( Acetyl enide  or  Carbide,  in  Ger).  Acetylides 
are  compds  obtained  by  replacement  of  one 
or  two  hydrogen  atoms  of  acetylene  or  its 
homologs  or  derivatives  by  a metal.  Their 
structure  may  be  as  follows:  HC  i CM1  , 

M*  C » CM  or  RC  « CM'  , where  M'  stands  for 
a monovalent  metal  and  R for  an  organic 
radical,  eg  LiC:CH,  AgC^CAg,  CuC  * CCu. 

With  divalent  meted s the  formulae  would  be 
C : C,  eg  C ! C 

M"  Ca 

Certain  carbides  (but  not  all)  may  be  re- 
garded as  acetylides,  eg  calcium  carbide, 

CaC2 

Note:  Kirk  & Othmer(Ref  4)  list  the  acetylides 
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of  Ca  and  of  some  other  metals  under  carbides 
A general  method  for  the  prepn  of  acetylides 
is  to  pass  CjHj  through  ammonlacal  solos  of 
the  corresponding  salts  (such  as  nitrates)  or 
of  oxides.  For  the  prepn  of  alkali  metal  acetyl- 
ides, the  metal( such  as  Na  or  K)  is  dissolved 
in  liq  NH3  and  the  C,H2  is  passed  through 
Most  acetylides  of  the  heavy  metals  are 
expl  s,  very  sensitive  to  mechanical  action. 

Only  one  of  the  acetyl ides( cuprous  acetylide) 
has  found  application  in  industry  as  an  in- 
gredient of  electric  detonators.  Some  acetyl- 
ides, as  for  instance,  that  of  silver,  arc  prob- 
ably suitable  for  use  in  primers  and  deto- 
nators. They  also  may  be  incorporated  in 
LA-based  compositions  for  expl  rivets  in 
order  to  reduce  their  ignition  poinc(Ref  6) 
According  to  Sax(Ref  6)  the  toxicity  of 
acetylides  is  unknown,  but  their  expln 
hazards  are  considered  to  be  the  same  as 
those  of  fulminates  and  azides.  The  acetyl- 
ides must  be  handled  with  extreme  care  and 
in  storage  they  must  be  kept  cool  and  wet. 
Metal  powders,  such  as  finely  divided  Cu 
or  Ag,  should  be  excluded.  Shipping  regu- 
lations are  the  same  as  for  other  primary 
and  initiating  explosives 
Refs:  l)Beil  1, 238-40,(  104-6), [217- 20]  & 

1909-14}  2)J. A.Nieuwland  & R.R.Vogt, 

MThe  Chemistry  of  Acetylene,'’  Reinhold, 

NY(  1945)  3)Kirk  & Othmer  1(1947),  121-3 
4)Ibid  2(19 48), 8 27-46  5)Karrer(1950), 

68  6)Sax(  19  57),  239*40 

The  following  acetylides  and  carbides 
may  be  of  interest 

Aluminum  Acetylide,  Ala(Cj)j,  wh  solid, 
prepd  by  direct  action  of  acetylene  on  Al 
pdr  at  450- 500°.  It  is  a true  acetylide  be- 
cause on  hydrolysis  it  gives  CjHs 

Refs:  1)  B eil  1,[220]  2)J.F.  Durand, 

BullFr  [4] 35,  1141(1924);  JCS  126  I,  1278 
(1924)  & CA  19,632(1925) 

Aluminum  Carbide,  A14Cj,  pale  yel  hexag 
crysts,  mp  2200°,  subliming  in  vacuo  at 
at  1800 reacts  with  w giving  methane 
together  with  less  than  10%  hydrogen.  This 


reaction  was  used  in  Germany  for  producing 
the  gas  employed  in  galleries  for  testing 
expls  in  regard  to  their  safety  for  use  in 
gaseous  and  dusty  coal  mines  (Ref  4).  Al4C3 
was  first  prepd  in  1894  by  Moissan(Refs  1, 

2 & 3)  by  heating  an  intimate  mixt  of  alumina 
(AljOj)  with  carbon  in  an  electric  arc  furnace. 
Other  methods  of  prepn  are  also  known 

Refs:  l)Beil  1, 59,(7), [ 11]  & J 27 1 2)H. 

Moissan,  CR  119, 16(  1894)  & JCS  66  11,450 
(1894)  3)Mellor  5(1924), 870  4)Naoum, 

NG{  19  28),  389  5)Kirk  & Othmer  2(  1948), 

828  6)Sidgwick,ChemElems  1(1950),  413-14 
Arsenium  CorbidejASjCg,  bm  amorph  ppt, 
which  expl  on  wanning  or  gentle  rubbing. 

Was  prepd  by  treating  acetyl en e- bi  s- mag- 
nesium iodide,  Mgl.  CiC.Mg  I,  in  ether  with 
arsenium  trichloride 

Refs:  l)Beil  1,(221]  2) E.deMahler,  Bull- 

Fr [4]  29,1072(1921)  & JCS  1221,101(1922) 
Aurous  Acetylide.  See  Gold  Acetylide 
Barium  Acetylide,  also  called  Barium  Car- 
bide, BaCj,  greyish  solid  d 3-75-  Was  first 
prepd  by  Maquenne  by  treating  Ba  amalgam 
with  carbon  in  a stream  of  hydrogen  (Refs 
1 & 2).  Moissan  (Ref  2a)  prepd  it  by  heating 
in  an  elec  furnace  mixt  of  BaO  with  carbon. 
Fischer(Ref  3)  preferred  to  heat  BaO,  or 
BaCOj  with  methane. Vaughn  et  al  (Ref  4) 
obtained  an  unstable  product,  corresponding 
to  an  approx  formula  between  BaC2  and 
Ba(CjH)a  by  addiog  a soln  of  Ba  in  liq  NH3 
to  CjHj  in  liq  NHr  Masdupuy  & Gallais 
(Ref  5)  prepd  BaCa,  by  beating  to  120°  Ba 
(HaQ1.4NH3,  which  was  obtained  by  treating 
Ba  in  liq  NH3  with  acetylene 

Refs:  l)BeiI  1,243(220]  & {913}  2)L. 

Maquenne, BullFr[3]7,  366(1892)  & JCS  62  I# 
685(1892)  2a)H.Moissan,CR  118,683(1894) 

& JCS  66  1,314(1894)  3)F. Fischer, Brennstoff- 

chem  9-929(1928)  & CA  23,2662(1929)  4) 

T.H.  Vaughn  et  al,  JOC  2,2-3(1937)  & CA  31, 
5751(1937)  5)E.Masdupuy  & F.Gallais,  CR 
232,1837-9(1951)  & CA  45,7905(1951) 

Beryllium  Acetylide,  BeCa,  wh  solid,  prepd 
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by  passing  puce  dry  C2H2  over  Be  pdr  at 
ca  450°  | 

Refs:  l)Beil  1,[218]  2)J.  F.  Durand, 

BullFr  [4]  35,1145(1924);  JCS  126  1,1278 
(1924)  & jcA  19,632(1925) 

Beryllium  Carbide,  BeaC,  yel  or  brn-yel 
crysts,  dj  1.9  at  15°.  Was  first  prepd  by  heat- 
ing beryllium  oxide  with  carbon  in  an 
electric  furnace  (Ref  2).  Other  methods  of 
prepn  arej  listed  in  Ref  1.  Henry  (Ref  3) 
established  its  formula  as  Be2C 
Refs:  I)Beil  1,(7)  &(  27l  2)P.Lebeau, 

CR  121,496(1895)  & JCS  70  II , 169(1896) 
3)L. Henri,  CR  121,600-1(1895)  & JCS 
70  11,169(1896) 

Boron  Carbide,  B4C;  coml  prod  called  <tNor- 
bide,,>  rap  ca  2375°,  d 2.52  is  prepd  by 
heating  anhyd  boric  oxide  B20,  with  carbon 
in  graphite  resistance  furnace  at  ca  2500°. 
Its  special  interest  is  due  to  its  remarkable 
hardness  which  lies  on  the  Moh’s  scale 
betw  thatiof  silicon  carbide  and  diamond. 
Used  as  an  abrasive.  Detailed  description 
of  this  compd  is  given  in  Kirk  & Othmer 
2(1948),  830-4(21  refs) 


Cadmium  Acetyl ide,  CdC2(fonnula  is  not 
definitelyj  established).  It  was  prepd  by 
passing  pure  dry  CjH2  over  pulverized  Cd 
at  ca  500^Refs  1 & 2 ).Gebauer  (Ref  3 ) 
prepd  twolderivs,  CdC2 . CjH2  . Cdl2  and 
CdC, . CjHj,  both  of  which  partially  de- 
comp  d by  hot  w but  were  stable  in  the  air 
even  at  200° 

Refs:  l)Beil  1,(220]  2)  J.  F.  Durand, 

BullFr  35j  1142(1924)  & CA  19,632(1925) 
3)K.Gebauer,  ZAnorgChem  176,284(1928) 
& C A 23,815(1929) 

Calcium-l.-ocetyllde,  called  in  Beil  Cal- 
cium carbid- Acetyl en,  Ca(CjH)a,  wh  solid 
which  decpmpd  in  5 hrs.  Was  first  prepd 
either  by  passing  G,Ha  into  soln  of  Ca 
in  liq  NHS|  or  by  adding  Ca-NHS  soln  to 
CjHa— NH,  soln 


Refs:  l)Beil  1,242  & 1911}  2)H.Moissan, 

CR  136,1524(1903)  3)T.H.Vaughn  & J.  P. 
Danehy,  pJrocIndianaAcadSci  44,144*8(1934) 


& CA  30,428(1936)  4) T.H. Vaughn,  et  al, 

JOC  2,  2-3(1937)  & CA  31,5751(1937) 

Calcium  Acetylide  or  Calcium  Carbide,  CaC3, 
mw  64. 10,  OB  to  C02  and  CaO  “75.0%.  The 
pure  prod  is  a wh  solid,  mp  2300°,  d 2. 155, 
sp  heat  (0  to  2000° )0. 28  cal/g,  whereas  the 
coml  prod  ranges  in  color  from  steel-grey  to 
red-bm.  It  exists  in  four  crystn  forms  of  which 
the  tetragonal  predominates.  It  reacts  vig- 
orously with  w producing  acetylene  and  Ca 
hydroxide.  If  only  a small  amt  of  w is  used, 
the  carbide  becomes  incandescent  and  causes 
an  expln  of  acetylene- air  mixt  formed  on  con- 
tact of  w with  CaC2.  Small  quantities  of 
expi  gas  may  form  in  CaC2  drums  during 
storage,  and  the  opening  of  such  drums  by 
spark  producing  tools,  such  as  steel  chisel 
or  screw- driver,  is  a dangerous  operation. 
Many  methods  of  prepn  are  known  and  listed 
in  Beil.  The  earliest  method  is  that  of 
Wohler  (Ref  2)  , who  prepd  CaCj  by  heating 
Zn-Ca  alloy(previousiy  prepd  by  Caron)  with 
carbon  at  very  high  temp.  Invention  of  an 
industrial  method  of  prepn-heating  quick- 
lime and  carbon  in  an  elect  arc  furnace  at 
2500- 3000°  is  generally  attributed  to  Willson, 
who  in  collaboration  with  Lord  Kelvin  prepd 
CaCj  in  189 2( Ref  3).  Slightly  later  ( 1894-5) 
and  independently,  Moiss an  prepd  CaC2  by 
essentially  the  same  process  as  Willson. 

Bohm  (Ref  4)  claimed  that  he  invented  a 
similar  process  earlier  than  Willson  and 
applied  for  patent  in  1891,  but  the  patent 
was  not  issued  until  1895.  The  electric 
Eire  furnace  method  invented  in  1892  is 
essentially  the  same  as  the  current  method 
of  manuf  of  CaC2,  Detailed  description  of 
the  method  is  given  in  Refs  5,6,7  & 8.  The 
coml  prod  contains  CaO, graphite  and  some 
other  impurities 

For  the  lab  prepn  of  pure  CaCj,a  small 
quantity  of  pure  Ca  cyanamide  is  heated 
in  the  presence  of  carbon: 

CaCN2  + C -*  CaC2  + N2  (see  also  Ref  5a) 

Toxicity,  fire  & expln  hazards,  storage 
Si  handling  and  shipping  regulations  are 
discussed  in  Ref  9 
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CaC2  is  used  extensively  for  the  manuf 
of  acetylene,  and  Ca  cyanamide(by  fixation  of 
atmospheric  nitrogen),  as  the  starting  ma- 
terial for  making  the  melamine  family  of 
resins,  for  the  manuf  of  acetylene  black 
and  many  other  pucpo ses 
Refs:  l)Beil  1,242,(105),  [218]  & (912} 

2) F. Wohler,  Ann  124,220(1862)  3)H. 

Schweitzer,  ZAngewChem  1898,  411-12 

4) L.K.Bohm,  ZAngewChem  1899,  1058-6 

5) R.Tausig,'‘Die  Industrie  des  Calcium- 

carbids,”  Knapp, Halle(  1930)  5a)H.H. 

Franck  et  al,  ZAnorgChem  232,75(1937) 

& CA  31,5289(1937)  6)C.H.Aall,  "Con- 
tribution a 1’ etude  du  carbure  de  calcium 
industriel,"  Dunod.P ari s(  1940)  7)Kirk 
& Othmer  2(  1948),  8 34-46  8)Ullmann  5 
(1954),  1-43  9)Sax(  1957),  425 

Calcium  Carbide— Ammonia— Acetylene, 

(called  in  Ger  M Cal ciumcarbid ammo ni ak- 
acetylen)"  CaC2  + H2C2  + 4NH1(  wh  prism 
crysts,  which  become  incandescent  in 
contact  with  w,  Cl,  C02  & S02  and  yield 
on  heating  pure  CaC,.  It  was  prepd  by 
Moissan  by  passing  acetylene  into  a soln 
of  Cain  NH3  (cooled  at  -40  to  80°) until 
the  original  blue  color  disappeared.  When 
the  resulting  col  li q was  strongly  cooled, 
or  when  the  NHj  was  allowed  to  volatilize, 
wh  crysts  were  obtained.  The  same  method 
was  used  by  Moissan  for  prepn  of  lithium, 
potassium  and  sodium  carbide  derivs 

Refs:  l)Beil  1,242  2)H.Moissan,  CR 

127,911-17(1898)  & JCS76I,  241(1899) 

Cesium  Hydrogen  Acetylide;  Monocesium 
Acetylide  or  Cesium  Acetyl  ide-Acetyiene, 

CsHC2  or  Cs2Cj.  C2H2,wh  crysts,  mp  ca 
300,  sol  in  liqNH};  reacts  explosively  with 
some  inorg  compds.  Was  prepd  by  Moissan 
by  treating  cesium  hydride  writh  acetylene 
at  100°  or  by  passing  acetylene  through  Cs- 
NH„  soln 

Refs:  l)Beil  1,  240  2)H.Moissan,  CR 

136,1217,1524(190  3)  & JCS  84  1,545,595 
(1903) 

Cesium  Carbide  or  Dicesium  Acetylide, 


Cs2C2,  It  bm-red  leaflets;  reacts  explosively 
with  some  oxides.  Was  obtained  by  Moissan 
on  rapidly  heating  CsHC2  in  vacuo  at  300° 

Refs:  l)Beil  1,240  2)H.Moissan  CR  136 

1220(190  3)  & JCS  84  1,  546(1903) 

Chromium  Carbide,  CrsC2,  crysts,  d 5.62, 
prepd  by  Moissan  on  heating  Cr  with  a large 
excess  of  carbon  in  a crucible  in  an  electric 
furnace.  Another  carbide,  Cr4C  was  also 
prepd.  It  is  harder  than  quartz  and  softer  than 
corundum.  According  to  Kirk  & Othmer  chrom- 
ium carbides  are  not  used  in  industry 


Refs:  l)Beil— not  found  2)H.  Moissan, 

CR  119,185(1894)  & JCS  66  II,  452-3(1894) 
3)Kirk  & Othmer  2 (1948),  849 

Coboltous  Acetylide  [Kobalt  (II)— acetyl enid, 
in  Ger],  CoC2;  solid,  prepd  by  treating  CaQ 
with  CoClj 


Refs:  l)Beil  1,[220]  2)J.  F.  Durand,  CR 

.177,  694(1923)  & CA  18,657(1924) 


Copper  Acetylide  (Kupfer-acetylenid,  in  Ger) 
exists  in  both  cuprous,  Cu2C2Jand  cupric, 
CuC2,  forms 

Cuprous  Acetylide  or  Dicopper  Acetylide 

(Acetylene  Copper  or  Copper  Carbide)  [Di  - 

kupfei(  l)-acetylcnid,  in  Ger],  Cu-C 

I III 

raw  151. 10  Cu  C 


Brick-red.amor  pdr  which  expl  violently 
when  dry,  on  heating  to  ca  120°  and  also  by 
friction 

Note:  According  to  Ref  5,  Cu2C2  flashes  at 
ca  150°.  Klement  & Koddermann-Gro  s (Ref 
8,  p 213-15)  gave  for  95%  pure  prod  an  expln 
temp  of  170°  in  air  and  265°  in  a high  vac 
CujCj  is  si  sol  in  w and  sol  in  alkalies 
and  aq  KCN.  The  usual  method  of  prepn 
is  to  pass  dry  into  an  ammoniacal  soln 
of  a cuprous  salt  in  the  absence  of  air.  It 
has  been  claimed  until  recently  that  mono- 
hydrate, Cu2C, . HjO  is  first  obtained  and 
this  goes, on  gentle  heating,  into  the  anhyd 
salt  (Ref  4 a).  Klement  & Koddermann-Gro s, 
(Ref  8)  prepd  C2H2  of  95%  purity  and  studied 
its  oxidation  products 


Morita  (Ref  11)  prepd  cuprous  acetylide 
from  a 5%  soln  of  CuCl,  and  claimed  that  its 
ignition  temp  was  260-70°.  This  temp  was 
lowered  to  100°  after  the  acetylide  was  oxi- 
dized by  air.  At  the  same  time  the  color 
changed  to  black  and  the  compd  became  very 
sensitive  to  impact.  On  further  oxidn  the 
ign  temp  rose  to  200.°  It  is  presumed  that 
oxidn  transformed  cuprous  acetylide  into 
the  cupric  compd  . Schlubach  & Wolf  (Ref  9b) 
in  attempting  to  prep  CuC-CH  by  treating  a 
satd  soln  of  C2H2  in  w at  0°  with  an  aq  soln 
of  CuS04  + NH4  OH  + NO . NHj  . HC1  obtained  in- 
stead the  CujCj 

Vesdn  (Ref  10)  claimed  that  there  is  no 
hydrate  of  Cu2C2  and  previously  to  this  Dol- 
gopol’skii  claimed  that  the  monohydrate  is 
acrually  dicupro  acetaldehyde,  Cu2CH.  CHO  . 

For  its  prepn  D recommends  passing  pure 
C2H2(with  exclusion  of  air)  into  a soln  of 
CuCl  until  all  the  CuCl  has  reacted.  The 
liq  is  decanted  and  the  residue  washed  with 
abs  ale  and  eth,  previously  saturated  with 
C2Hj.  The  ppt  is  dried  by  passing  over  it 
dry  C2H2  at  50°  until  const  wt  is  obtained. 

The  resulting  _subst  obtained  by  D was  a 
red-bm  powd  which  expld  on  heating  or  on 
exposure  to  mech  action.  When  tested  on  an 
impact  sensitivity  apparatus  with  an  S kg  wt, 
thesubst  detond  at  30  cm,  compared  with 
15  cm  for  a coml  anhyd  prod  prepd  by  passing  a 
mixtof  tech  gases  from  a low-temp  polymeri- 
zation of  C2H2  through  the  CuCl  soln.  The 
latter  compd  flashed  with  a bright  flame  when 
lightly  touched  with  a glass  rod.  Its  structure 
was  not  detd 

Cuprous  acetylide  forms  .whenever  acetyl- 
ene gas  comes  in  contact  with  copper,  its 
alloys  or  some  of  its  salts.  As  the  illuminat- 
ing gas,  made  by  distn  of  coal  usually  con- 
tains some  acetylene,  it  should  not  be  con- 
ducted through  pipes  contg  Cu.  If  such  pipes 
are  used,  great  care  and  caution  should  be 
observed  in  cleaning  the  pipes  inside  (Ref  2) 

Mixts  of  CujC,  with  PbCIO,  are  extremely 
sensitive  to  friction  (Ref  2)  and  Cu2C2  expl 
on  contact  with  nitric  acid,  permanganates, 


sulfuric  acid,  bromine  or  chlorine,  etc 
(Ref  8) 

Toxicity,  fire  & expin  hazards  and  shipping 
regulations  are  discussed  by  Sax  (Ref  13) 

Cuprous  acetylide  is  the  only  acetylide 
which  found  application  in  the  expl  industry. 

It  is  used  in  ign  compns  for  coml  elec 
detonators  (Ref  5 a) 

Chambionnat  (Ref  9)  in  the  course  of  in- 
vestigation of  the  possible  use  of  Cu3C2 
as  a fungicide,  prepd  mixts  of  Cu2C2  with 
inert  subst,  such  as  talcum  pdr,  and  detd 
their  expl  props  . The  tests  showed  that 
mixts  of  talc  with  as  little  as  16%  Cu2C2 
can  be  initiated  by  an  elec  spark,  but  it 
requires  a minimum  of  25%  Cu2C2  for. initia- 
tion by  heat,  such  as  a hot  plate.  Mixts  with 
as  little  as  35%  CUjC2  can  be  initiated  by 
rubbing  in  mortar  at  temp  55*60°,  whereas 
at  RT  a minimum  of  65*70%  of  Cu2C2  is  re- 
quired. 

Cuprous  acetylide  has  been  used  also 
for  prepn  of  industrial  catalysts  (See 
Cuprous  Acetylide  Catalyst,  which  follows) 
Re/s:  l)Beil  1, 240(10  4),[  2171  & l910i 

2)Daniel(  1902),  3 3)O.Makowka,  Ber  41, 

825(1908)  3a)J. Scheiber  et  al,  Ber  41, 

3818(1908)  4)H.Rupe,  JPraktChem  88, 
79(1913)  4 a) Thorpe  1,(1937),  82  5)Dy* 

namit  A-G,BritP  528, 299(  1940)  & CA  35, 
7716(1941)  5a)Bebie(l943),50  6)1.  M. 

Dolgopol'skii,  ZhPriklKhim  19,1281*90 
(1946)  & CA  41,6722(1947)  7)V.E.Brom- 
eld  et  al,  JSCI  66,346*7(1947)  & CA  42, 
1740(1948)  8)R.Klement  & E.Koddermann- 
Gros,  ZAnorgChem  254,202-3,205*16(1947) 

& CA  43, 2 1 1 2(  1949)  9) A. Chambionnat, 

BullSocSciNatMaroc  28,77'9(  1949)  & CA 
45,7791(1951)  9a) E. Jones,  ProcRoySoc 

198  A,  525(1949)  & CA  44,2244(1950)  (Ig- 
nition of  copper  acetylide  by  hot  wire) 
9b)H.H. Schlubach  & V.  Wolf,  Ann568,152 
(1950)  & CA 44  8313(1950)  10)R.Vestin, 
SvenskKemiskTidskrift  66,80(1954)  & Beil 
1,  {910}  1 1)N.N. Polyakov,  KhimProm 

1954  457-62  & C A 49,  9 260(  19 55X Formation 
of  copper  acetylides  in  the  low-temp 


separation  equipment  for  coke-oven  gas) 
12)Sh.Morita  JSocHighPressureGasInd  19, 
167-76(1955)  & CA  50,6047(  1956)  13)Sax 

' ' 'i  S 

Cuprous  Acetyl ide  Catalysts.  Cu,C,  supported 

on  silica  gel , kieselguhr  etc  can  be  used 
as  a catalyst  in  some  org  reactions 
Refs:  l)W.Reppe,  ‘‘Acetylene  Chemistry/' 

Meyer,  NY  (1949).  80  2)O.Pesta,  Mitt- 
ChemForsch-InstOsterr  3,109*12  (1949)  & CA 
44,  4857(1950)  3)W.Reppe  et  al  Ann  596, 
8(1955)  & CA  50,16771(1956) 


Cuprous  Ac  etyli  de-Chloride,  CjCtij+CuCl+HjO, 
dk  violet  pdr,  deflagrates  very  weakly  on 
heating  in  an  open  flame.  Was  prepd  by 
passing  acetylene  through  CuCl  in  0.2N  HO 
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Withers,  Ann  387  270-2(1912) 


Note : Some  other  cuprous  acetylide- chloride 
corapds(none  of  them  seem  to  be  expl)  were 
described  in  Beil  l,l910l  and  in  the  following 
Scandinavian  papers; 

l)R.Vestin,  ActaChemScand  3, 650-2(  1949)  & 
CA  44,  1000  (1950)  2)R.Vestin  & C.Lorman, 
ActaChemScand  7,398*429(19  5 3)  & CA  48, 
13505(1954)  3)R.  Vestin  et  ah  ActaChemScand 
7, 7 45-  6 3(  19  5 3)  & C A49,  449(  1955)  4)  R. Ve sti n, 
Sven skKemTidskr  66,65-94(1954)  & CA  49, 
3795(1955)  5)R-Vestin  et  al,  ActaChemScand 
8,533-7(1954)  & CA  49,10837(1955) 


Cuprous  Hydrogen  Acetylide  (Monokupfer- 
acetylenid,  in  Ger),  CuC  ! CH.  Attempt  to 

J u..  
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satd  soln  of  C,H,  in  w at  0°  to  an  aq  soln 
of  Cu904  + NH4OH+HO . HjN . HO  was  unsuc- 
cessful. Instead  of  this,  the  dicopper  acetyl- 
ide, Cu,C,  was  obtained. 

Refs:  1)  Beil— not  found  2)H. Schlubach 

& V.  Wolf,  Ann  568,152(1950)  & CA  44,8313 


Cupric  Acetyfide  [Kupfer  (Il)-acetylenid,  in 
Gerl,  CuC,,  raw  87.56,  OB  &CO,  73.1% 

Black  amors  ppt,  which  expl  violently  on 
beating,  impact  or  friction.  According  to 
Morita  (Ref  5)  its  ignition  temp  is  100-120°and 
it  explodes  on  slight  impact  even  under  w 


It  was  first  prepd  by  Soderbaura  (Ref  2),  on 
passing  acetylene  through  an  ammoniacal 
soln  of  a cupric  salt  at  ca  5°.  The  compn  of 

p re  Qtil  fin  (T  K1  a clr  hr^f  wfl  c 1 *?  f ti 4^  4*  H.O 
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Durand  (Ref  3)  prepd  CuC,  by  the  action  of 
CaCj  on  an  aq  soln  of  CuCl,  and  purified 
the  resulting  ppt  with  dil  AcOH.  Nast  & 
Pfab(Ref  6)  prepd  CuC, by  treating  KC ! CH 
in  NHS  with  ( C u(NH,)4](N03)2  in  NHS 

Brameld  et  al(Ref  4)  investigated  the  for- 
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of  various  cupric  salts  and  acetylene.  The 
resulting  compds  appear  to  fall  into  two 
types:  a)black  amors  ppts  and  b)lustrous, 

metallic  appearing  plates 

The  type  a)  expl  sometimes  with  a report, 
sparks  and  flashes  to  form  black  CuO.  It 

Aniil^  Ua  £<  fA^  a r\  f T-TISJO  Th  A AT* 
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plosibility  of  this  type  of  acetylide  is  greater 
than  thatof  cuprous  acetylide.  This  type  in- 
cludes most  acecylides,  formed  from  the 
more  common  cupric  salts,  such  as  the 
chloride,  sulfate  and  nitrate,  and  those 
formed  from  copper  org  salts  made  alkaline 


with  ammonia,  provided  insufficient  am- 
monia is  present  to  retain  all  the  Cu  as  a 
complex  salt 

The  type  b)  cupric  acetylides  expl  on 
gentle  tapping  (sometimes  even  when 
touched  under  soln)  with  a bright  flash  and 
report  Co  form  metallic  Cu.  This  type  in- 
cludes acetylides  from  Cu  borate  in  strongly 
allralinn  on  In  and  fm  m fii  acetate  in  acidic 


and  strongly  ammoniacal  solns 
Refs:  1) Beil  1,241  & [217]  2)H.G.Soder- 

baum,  Ber  30,760  & 814(1897)  3)J«F. 

Durand,  CR  177,693(1923)  & CA  18,657 
(1924)  4)V.E. Brameld  et  al,  JSCI  66, 

347-9(  1947)  & CA  42, 1740(  1948)  5)Sh. 

Morita,  JSocHighPressureGasInd  19, Io7- 
76(1955)  & CA  50,6048-9(1956)  6)R. 

Nast  & W.Pfab,  Ber  89,420-1(1956)  & CA 
50,  14604(1956) 


Copper  Acetylides,  Analytical.  According 
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to  Dr  Hans  Walter  of  PicArsn,  the  following 
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of  Miinchen: 

A) Determination  of  acetylene:  a) Assemble 

an  apparatus  as  represented  on  the  drawing 
b) Weigh  a sample  (Wt  = ca0.5g) 


$ 


O-FREE  HCI 


fer  to  a volumetric  flask  and  make  up  with 
w c)Take  an  aliquot,  add  an  excess  of 
KI  and  titrate  the  resulting  bm  soln  with 
Na  thiosulfate  in  presence  of  starch  indicator 
d)Calculate  copper  content  (Ws)  taking 
into  consideration  the  following  equations: 
2Cu02  + 4KI  - 2CuI  + I,  + 4KQ  and 
I,  + 2NajS20,  « 2NaI  + Na,S406 
C)  Estimation  of  Cu(i)  and  Cu(U)  in  copper 
acetyl ide  can  be  accomplished  by  the  in* 

1 eA nt~  m A#k/\  /I  nrU  « /»k  1 a wa  1 a aa  1 a »t*  a 
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following  equations 
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127.14*  + 63-57y  - 63.57W, 
26.04  x , 26.04  _ 


151.16  87.59 
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place  it  in  the  flask  contg  a small  amt  of 
O-free  w c)Stopper  the  flask  and  pass  a 
current  of  O-free  C02  or  N2  to  remove  air 
d)Continuing  to  pass  C02,  add  slowly 
from  a separatory  funnel  O-free  coned  (3D- 

in  trr\  tl  /“ '1  vk  a Al  Pfih.hij'irrin/'A  f ^mk^r 
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color  e)Collect  die  liberated  C,H2  in  the 
.test  tube  contg  O-free  5%  aq  soln  of  gela- 
tin (used  as  protective  colloid)  with  some 
NH4C1  and  Cu2Cla  (free  of  Cu02)  f)Boil 
the  soln  in  the  flask  to  expel  residuai 
CjHz  and  collect  it  also  in  the  test  tube 


where  W2  is  the  wt  of  sample,  x is  the  wt  of 
CujC,,  y the  wt  of  CuCj,  z the  wt  of  impuri- 
ties, Ws  total  wt  of  Cu(procedure  B)  and  W2 
total  amt  of  CjHa(prDcedure  A) 

In  the  method  described  by  Kiement  & 
Koddermann-Gros  (Ref  4)  total  Cu  is  detd 


By  di  CCA  lying 
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Cu(I)  to  Cu(II)  with  HNOj,  boiling  with 
H?SOt  (until  the  di  s appearance  of  NO,  fumes), 
cooling,  diluting  with  w and  estimating  Cu 
content  electrolytic  ally.  For  dem  of  Cu(l) 
content  a 50  mg  sample  is  placed  io  the  flask 
of  the  apparatus  described  on  p 204  of  Ref  4 


lci  / af»cr 


amoving  all'  air  by  passing 
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Afyl  »n  o rift  C IT71  rk  QjjClj  in  the 


test  tube  giving  Cu}C2  which  imparts  an 
intense  red  coloration  to  the  contents  of 
the  tube.  Determine  the  amt  of  Cu2C3  in 
the  tube  by  comparing  the  color  with  known 
standards  or  by  using  a colorimeter  ana 
calc  the  corresponding  amt  of  C2H3  (W2) 

n\n  Aiarm  Innfinn  n(  trttol  CBDD^r!  a^Oxi- 
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dize  die  cuprous  copper  soln  in  the  flask 
to  cupric  state  by  adding  KC10S  in  slight 
deficiency  to  the  HO  present  b)Boil 
the  soln  to  drive  out  chlorine,  cool,  trans- 


stream  of  O-free  C02)  it  is  treated  with  10  ml 
O-free  coned  HO.  After  evoln  of  C,H4  ceases. 
70*80  ml  w is  added  and  the  soln  titrated 
with  0.  IN  KBiOj  soln  as  described  by  Zinci 
& Wattenberg(Ref  1).  The  acetylene  content 
is  detd  gas-volumetrically  in  a special 
apparatus  (described  on  p 205»  Ref  4)  by 
treating  a sample  with  20%  KCN  soln;  Cu2C2 
Ri<rrw  + ?h  fi  * r h.  + ?K’_rri>r  rT\Ti  1 + itrrm 
The  water  content  is  detd  by  heating  a sample 
in  a high  vacuo  to  140°  in  the  presence  of 
Ps05’ 

In  the  method  of  Voronkov(Ref  3),  Cu(II) 
is  reduced  to  Cu(I)  with  NH2OH,  the  obtained 
Cu2C2is  decompd  with  HNOs  and  Cu  deed 
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volumetrically.  The  acetylene  content  is 
detd  by  a rather  complicated  method  which 
is  not  described  here  because  its  brief 
description  is  given  in  CA  43, 2972(  1949) 
Dolgopol'skii  et  al  (Ref  2)  proposed  two 
methods  of  detg  copper  in  CUjQ;  a) The 

dichromate  methods  involves  soln  in  15-18% 
HO,  soln  in  boiling  HN03  adding  coned 
alkaii(to  ppt  Cu  as  hydroxide),  soln  of  the 
ppt,  addn  of  Seignette  salt  (turning  the 
color  from  greenish  to  It  violet^  of  boiling 
with  NHjOH.HO  to  ppt  CUjO,  dissolving 
it  in  hot  Fej(S04)j  and  titrating  with  K2Cr202 
in  the  presence  (C6H,  )2NH.  H2S04,  as  an 
indicator  b)The  xodometric  method  involves 
dissolving  a 0.1-0. 2 g sample  in  15-2 0% 

HO,  evaporating  the  soln  to  2- 3ml,  treating 
it  with  ca  25  ml  coned  HN03  and  boiling  to 
complete  oxidation  (color  turning  from  gm 
to  blue); this  followed  by  boiling  the  soln 
with  coned  HjSO#  until  di sappearance  of  N02, 
cooling,  adding  ammonia  in  excess,  boiling 
to  remove  excess  NH  , cooling,  adding 
HjS04,  adding  40- 50ml  10%  KI  and  titrating 
the  soln  with  0.  25N  Na^O,  using  starch 
indicator.  These  methods  of  analysis  are 
also  applicable  to  copper  derivs  of  vinyl- 
acetylene  and  of  acecyienedivinyl 

Siggia(Ref  5)  gives  some  general  methods 
of  analysis  of  acetylene  and  acetylides 
Caution : Copper  acetylides  are  very  expl 
when  dry  and  should  be  destroyed,  after 
experiments,  in  the  same  manner  as  de- 
scribed by  Siggia  for  silver  acetylide  (Ref  5)- 
For  this, rinse  all  pieces  of  used  apparatus 
with  dil  nitric  acid,  dissolve  all  solid  de- 
posits in  the  same  acid  and  pour  the  solns 
into  a sink.  Dolgopol'skii  (Ref  2)  advises 
destroying  Cu  derivs  of  acetylene,  etc,  as 
well  as  the  technical  gas  mixts  from  acetyl- 
ene polymerization,  by  treating  them  in  the 
cold  for  about  1 hr  with  a 15%  HO  or  by 
heating  them  to  80*8 5° for  about  1 hr  with 
10%  HQ 

Refs : 1)E.  Ziotl  & H.  Wat  ten  berg,  Ber  55, 

3366(1922)  2)I.M. Dolgopol'skii  et  al,Zh- 

PriklKhim  19,  12 81-90(1946)  & CA  41,  6721- 


2(1947  3)G. Voronkov,  ZhAnalKhim  1,  285-9 

(1946)  & CA  43,  4972- X 1949)  4)R.Klement 
& E.Koddermann-Gros,  ZAnalChem  254,20  3* 
5(1947)  & CA  43,2112(1949  5)5.  Siggia, 

"Quantitative  Organic  Analysis  via  Func- 
tional Groups,"  Wiley,  NY(1949),  53  & 55 
Gold  Acetylide  or  Gold  Corbide( Aurous  Acetyl- 
ide),  AUjCj,  mw  418.42.  Yel  ppt,  mp-  expl  on 
rapid  he ating( various  temps  are  reported 
•ranging  from  83°  w 157°)-Very  sol  in  w,  in- 
sol in  ale.  Can  be  prepd  by  passing  acetyl- 
ene through  an  ammoniacal  soln  of  sodium 
auro thiosulfate  Naj AufSjOj)^  which  had  been 
previously  prepd  by  mixing  aq  solns  of  AuCls 
and  Na^SjOj 

When  thoroughly  dried,  aurous  acetylide 
readily  expl,  not  only  on  rapid  heating(see  above) 
but  also  on  impact,  friction  or  even  when 
touched  with  a camel’s  hair  brush.  Several 
explns  have  occurred  during  its  prepn  in 
various  labs.  When  expld.it  produces  a flame 
and  leaves  a black,  powdered  residue  of 
gold.  Reppe  et  al  (Ref  3)  found  Au2  C2  as 
a suitable  catalyst  in  prepn  of  some  org 
compds 

Refs:  l)Beil  1,241  2)J. L. Mathew s & 

L.L.  Waters,  J ACS  22, 108(  1900)  3) W. Repp  e 

et  al,  Ann  596,6(1955)  & CA  50, 16771(1956) 

Halogen  Substituted  Products  of  Acetylene. 

See  Halogenated  Acetylenes  under  H’s 
lion  Acetylide  (Ferrous  Acetylide)  [Eisen 
(II)- acetyl enid,  in  Ger],  FeC,,-  solid,  stable 
in  the  air  or  w at  RT;  deoompd  by  HCl  with 
evoln  of  Q Ha.  Was  prepd  by  Durand  on 
treating  CaQ  with  ferrous  chloride 
Refs:  QBeil  1,[220]  2)J.F.  Durand,  CR 

177,693(1923)  & CA  18,657(1924) 

Iron  Carbide  FesC;  brilliant  wh  crysts,  ignites 
when  heated,  d 7.07  at  16°,  not  attacked  by 
w even  at  150°.  Was  prepd  by  Moissan  on 
heating  pure  iron  with  sugar- charcoal  in  an 
elec  furnace 

Refs:  l)Beil  1,(8)  & [111  2)K.Moissan, 

CR  124,716(1897)  & JCS  72  IT,  375(1897) 

Lead  Acetylide,  PbC2(probably),  mw  231.21. 

Lt  grey  powd,  stable  toward  H20  . Stated 
to  be  prepd  by  adding  CaCj  to  an  aq  soln 
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of  Pb  aeet»t#»  and  wachino  f-h. 

_ e — ' 

with  dil  Ac0H(Ref  2) 

Montignie(Ref  3)  reported  unsuccessful 
attempts  to  prep  PbC2  by  calcining  some  org 
salts  but  he  prepd  a mixt  of  PbC2  with  sev- 
eral other  comp  ds  by  dropping  a methanolic 
soln  of  Pb  acetate  on  CaC2.  He  reponed 
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by  acid  or  alk  solns 

Refs:  1) Beil  1.  [220]  at  {914!  2)J.F. 

Durand,  CR  177,(593*5(1923)  & CA  18,657 
( 1924)  3)E.Montignie,BullFr  [5]2, 1807-9 
(1935)  & CA  30,691(1936) 

Lithium  Carbide  or  Monolithium  Acetylide, 
Lie,;  wh  crysts,  d 1.65  at  18°;  was  prepd 
by  Moissan  on  heating  Li  carbonate  with 
6 iiiGiSof  augai-cbarCoal  in  an  eiec  furnace: 
Li2COj  + 6C  - 2LiC2  + 3CO(Ref  2),  It  is  a 

DDwerful  reducing  apenr  and  rparfs  with  ^ 

i - C3  CJ " 

in  cold  to  produce  pure  C2H2  and  the  re- 
action becomes  violent  at  ca  100^ see  also 
Dilithium  Acetylide  listed  below 
Refs:  l)Beil  1,238  2)H.Moissan,  CR 

122, 362-  x 1896)  & jCS  70  II,  419(  1896) 
Monolithium  Hydroacetyllde  or  Monolithium 
Acetyiide-Acetylene,  LiHC2  or  Li}C2  + C2H2. 
It  is  claimed  in  Beil  1,  p 238  that  this 
compd  was  prepd  by  Moissan  (P.ef  2).  There 
is  some  misunderstanding  because  the 
compd  LiHC2  is  not  listed  in  Ref  2,  but 
there  is  described  by  Moissan,  among  other 
acetylides,  the  complex,  Li2C2.  C2H2. 4NH,, 
called  lithium  carbide- ammonia- acetylene 
(see  below)  which  gave  on  heating  Li2C2. 

II  JT  1 t_T  l„L_. 

— — r ^ ci  ru,  \ ivci  j)  |ncpu  I*'  Hi 111  ■=,u  111  uy 

adding  smalt  pieces  of  Li  to  liq  NH,  while 
passing  C.H,  gas  into  the  mixt  until  the 
final  soln  changed  from  blue  to  col.  LiHC2 
appears  to  undergo  spont  decompn  during 
its  isolation  from  liq  NH,,  with  an  apptox 
equimol  mixt  of  LiHC2  andL^Cj  being 
formed  with  some  occlusion  of  NH,  vapor. 
Masdupuy  & Gallais  (Ref  4)  claimed  to  have 
oreod  LiHC.  from  Li.  NH*  and  C_H.  but 

*«.  4 '4  < * 

Beil  1 {9091  states  that  it  exists  only  in 
soln 

Refs:  l)Beil  1,238  & 1909 1 2)H. Moissan, 


CR  127.  911(1898)  £t  TCS76  I,  241(1899) 
3)K.N. Campbell  & B.K. Campbell,  Proc 
IndianaAcadSci  50, 123*  7(  1940)  & CA  35, 
5457(1941)  4)E.Massdupuy  & F. Gallais. 
CR  232,1837-9(1951)  & CA  45,7905(1951) 
Lithium  Carbide-Ammonio-Aeetyiene, 
LijC2.  CjHj.  4NH,;  wh  prism  crysts,  which 
bccoflic  incandescent  ic.  contsct  TvritH  w 
Cl2,  C02  or  SOj.  Was  prepd  by  Moissan  from 
Li,  NH,  and  C,H,  in  a similar  manner  as 
briefly  described  under  Calcium  Carbide- 


Ammonia- Acetylene.  It  gave  on  heating  CaC2 


Refs:  l)Beil  1,238  2)H.Moissan,  CR 

1 27,  9 1 1(  1898)  & J CS  76 1,  24 1(  1899) 
Diiithium  Acetylide  or  Lithium  Carbide, 
Li2C2,  wh  crysts.  W'as  first  prepd  by  Guntz 
Gu  iicauug  Li  to  redness  in  a vac  with 


carbon  or  in  a current  of  CO  or  C02(Ref  2). 
Moissan  fRef  ^ Dteod  it  bv  heatino  lithium 

\ l ~l  - ' - / o 

carbide- ammonia- acetylene.  Tucker  & Moody 
(Ref  4)  prepd  it  by  heating  Li  carbonate 
and  carbon  in  three  types  of  elec  furnaces 
to  produce  the  reaction:  Li2CO,  + 4C  -» 

Li2Cj  + 3CO.  The  granular  carbon  type  or  furnace 
gave  the  best  results.  Other  methods  of 
prepn  ate  given  in  Refs  5 & 6 

Refs:  l)Beil  1,238,(104)  & 19091  2) A. 

Guntz,  CR  123,  1273*5(1896)  & JCS  72  II, 
212(1897)  3)H. Moissan,  CR  127,911(1898) 

& JCS  76  I,  241(1899)  4)S.  A. Tucker  & 

H.  R. Moody,  J ACS  33,  1479*80(1911)  5) A. 


vonAntropoff  & J.F. Muller,  ZAnorgChem 

00  A 2n/ioio\  0,  r a O X ivinnni^ 

j ^ \ ±y  j l.}  k>) 

Masdupuy  & F. Gallais,  CR  232,1838(1951) 
& CA  45.7905(1951) 


Magnesium  Acetylide  or  Magnesium  Carbide, 

MgC,,  tetragonal  crysts,  which  are  decompd  by 

w into  C2H2  and  Mg(OH)2.  Was  first  prepd 

in  1866  by  Berthelot  (Ref  2)  by  heating  Mg 

pdr  in  stream  of  C,H2.  Many  other  methods 

are  listed  in  Beil,  but  it  seems  that  heating 

of  Mg  pdf  to  ca  450°  in  a stream  of  acetyl- 

ene  is  the  simplest  method  (Ref  3).  h was  claimed 

fhar  MoG.  was:  rnnvprrp^  fn  Ub.T  ar  ra  S00° 

- -■  o ; * "OO  ^ — “ *■ 

Refs:  l)Beil  1,  421,(105)  & 19 111  2)M. 

Berthelot,  Ann  1 39f  16 1(  1866)  3)H.H. 

Franck  et  al,  ZAnorgChem  232,110(1937) 
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Manganous  Acetyllde  [Mangan  (II)- acetyl enid, 
in  Ger],  MnCa;  solid,  stable  at  RT  in  air 
or  w.  Was  prepd  by  treating  CaC,  with  MnCl2 
at  450-500° 

Refs:  l)Beil  1#[  220]  2)J.F.  Durand,  CR 

177,694  (1923)  & CA  18,657(1924) 

Manganese  Carbide,  Mn3C  ; solid,  d 6.89 
at  17q,  was  first  prepd  by  Tioost  & Hautefeuille. 
Moissan  prepd  it  by  heating  in  an  elec  furnace 
amixtofMn304  with  sugar~carbon.  Other 
methods  of  prepn  are  given  in  Refs  1 & 3 
Refs : 1) Beil  1,(8),  [111  & 1 28 1 2)H. 

Moissan,  CR  122,421(1896)  & J CS  70  «, 

423- 4£  1896)  3)W.R.Myers  & W.P.  Fishel, 

JACS  67, 1962(1945) 

Mercurous  Acetyllde  [Quecksilber(I)-acetyl- 
enid,  in  Ger],  HgaCj . HaO.  Grey  ppt,  mp- 
lost  some  water  on  heating  and  then  decomp d 
or  detond.  Can  be  prepd  by  treating  with 
acetylene  a cold  aq  suspn  of  mercurous 
acetate  or  by  treating  Cu  acetyllde  with  an 
aq  soln  of  mercurous  nitrate.  Both  operations 
should  be  carried  out  in  the  absence  of 
light 

Reppe  et  al  (Ref  5)  investigated  HgaCs 
as  a possible  catalyst  for  some  org  syntheses, 
but  found  it  inferior  to  Cu,  Ag  and  Au  acetyl- 
ides 

Refs:  l)Beil  1,243  & [220]  2)R.T.PIimp- 

ton  & M.  W. Travers,  JCS  64,  264(1894)  3) 

E.Burkard  & M.  W. Travers ,JCS  81,1270-1(190  2) 
4)J.F. Durand,  CR  177,694*5(1923)  & CA  18, 
657(1924)  5)W. Reppe  et  al,  Ann  596,6(1955) 

& CA  50,16771(19  5 6) 

Mercuric  Acetyllde  [ Quecksilber( II)- acetyl- 
ene d,  in  Ger],  HgCa,  mw  224.63.Keiser(Ref  2) 
claimed  to  prep  it  by  passing  CaHa  through 
Nessler’s  soln  (an  alk  mercuric  potassium 
iodide  soln).  The  resulting  white,  very 
expl  ppt  proved  later  to  be  die  hydrate 
3HgCa  +HaO.  This  hydrate  dec  at  110°  and 
expl  at  higher  temps.  It  is  in  sol  in  w,  ale 
& eth 

The  anhyd  salt,  HgCa,  was  claimed  to 
be  prepd  by  Durand  (Ref  3)  by  treating  an 
aq  soln  of  HgCla  with  CaCa.  It  was  a 

Note:  W.Venier,  BritP  6705(1906)  proposed  to  use 
as  KClOj  57.1,  HgCj  28.6  & sulfur  14.3% 


greyish  solid  which  expld  on  rapid  heating 
leaving  a black  residue.  It  also  expd  when 
struck  sharply 

Ferber  & Rbmer  (Ref  4)  prepd  a very  expl 
compd  2HgCj . CaHa . HaO  by  passing  CaHa 
through  a satd  acetic  acid  soln  of  mercuric 
acetate 

Refs:  l)Beil  1,243  & [220  ] 2)E.H. 

Keiser,  AmerChemJ,  15,535(1893)  & JCS 
661,61(1894)  3)J.F.  Durand,  CR  177,694 

( 1923)  & CA  18,657(1924)  4)  E.  Ferber  & 

E.Rdmer,  JPraktChem  139, 277(19‘34)(not 
listed  in  CA) 

Mercuric  Acetyllde  + Three  Silver  Nitrates 
(Complex),  HgCa  + 3AgNOs.  Wh  crysts, 
decomp  on  heating  without  expin.  Can  be 
prepd  by  treating  AgaCa  + 6AgNOs  with  suf- 
ficient Hg(NOa)a  in  HNOj  soln  to  ppt  the 
HgC,  + 3AgNOs 

Refs:  l)BeiM,  {913]  2)J. A.Shaw  & E. 

Fisher,  USP  2,474,869(1949)  & CA  43, 

7670(  1949) 

Nickel  Acetyllde  [Nickel  (II)- acetyl  enid, 
in  Ger),  NiCa;  solid,  stable  at  RT  in  air 
or  w.  Was  prepd  by  treating  CaCa  with  an 
aq  soln  of  NiGa(Refs  1 & 2).  It  was  pro- 
posed as  a catalyst  in  some  org  syntheses 
(Ref  3) 

Refs:  l)Beil  l,[220l  2)J.F. Durand, 

CR  177,  693*5(1923)  & CA  18,657(1924) 
3)O.Pesta,  MittChemForsch-InstlndOsterr 
3,109-12(1949)  & CA  4857(1950) 

Nickel  Ca»bide,NijC;  solid,  stable  up  to 
380-400°;  decomp d by  dll  acids  or  by.  super- 
heated steam  to  methane  & other  products. 
Was  prepd  by  interaction  of  Ni  pdr  with  CO 
at  200-300° 

Refs:  l)Beil  1,1 28 1 2)H.  A.  Bahr  & Th. 

Bahr, Ber  61,2178-83(1928)  & 63,99(1930) 
Phosphorus  Carbide,  P2C6,  wh  amorph  ppt, 
which  spontaneously  ignites  when  gently 
warmed.  Was  prepd  by  treating  an  ethereal 
soln  of  acetyl ene-bis-magnesium  iodide, 
MgI.C;CMgI  with  phosphorous  trichloride 
Refs:  l)Beil  l,[22l]  2)E-  deMahler,  BullFr 

[ 4] 29, 107 1C  1921)  & JCS  122  I,  101(1922) 

HgCj  as  an  ingredient  of  primer  compns,  such 


Monopotattlum  Acetylide  or  Potassium 
Hydrogen  Acetylide  ( E thy  nyl  potassium), 

KHCj,  raw  64. 13-  Wh  crysts,  viol  dec  on 
contact  with  w;  ignites  & bums  with  in- 
candescence in  atm  of  G2  or  SO,  in  the 
cold.  Was  first  prepd  by  Berthelot  (Ref  2) 
on  heating  potassium  in  acetylene.  Moissan 
(Ref  3)  obtained  it  by  passing  CjHj  through 
K liquefied  by  NH3  at  -40  to  -80°.  Vaughn 
et  al  (Ref  4).  by  adding  a soln  of  K in  liq 
NHj  to  CjHa  in  liq  NH3.  Other  methods  of 
prepn  are  listed  in  Ref  1 

Refs:  1) Beil  1,239(217]  & 1909  { 2)M. 

Berthelot,  AnnChimPhys [4]9, 385(  1866) 

3)H. Moissan,  CR  127,911(1898)  & JCS  76  I, 
241(1899)  4) T.H. Vaughan  et  al,  JOC  2, 

3-4(19  37)  & CA  31,5751(1937) 

Dipotassium  Acetyitde  or  Potassium  Carbide, 
KjC,,  mw  10  2.2.  Wh  crysts,  dec  vigorously 
on  contact  with  w.  Was  obtained  in  small 
quant  by  Moissan  on  heating  monopotassium 
acetylide:  2KHCa  - KjC,  + HjC,.  Other 
methods  of  prepn  are  listed  in  Ref  1 
Refs:  l)Beil  1,239  2)H.Moissan,  CR 

127,  917(1898)  & JCS  76  I,  241(1899) 

Mono  rubidium  Acetylide  or  Rubidium  Hydrogen 
Acetylide^RbHC,  or  Rb2C2  + CjHjf  Wh  hygr 
crysts,  mp  ca  300°  with  si  decompn;  stable 
in  dry  atm;  reacts  explosively  when  heated 
to  350°  in  presence  of  PbOr  Was  obtained 
by  Moissan  by  passing  CjH2  through  a soln 
of  Rb  in  liq  NHS.‘  Other  methods  of  prepn 
are  listed  in  Ref  1 

Refs:  l)Beil  1,239  2)H.Moissan,  CR  1 36, 

1217(1903)  & JCS  84  I,  545(1903) 

Dirubidlum  Acetylide  or  Rubidium  Carbide 
RbjCj,  wh  solid;  reacts  violently  with  halo- 
gens, liq  S and  si  heated  P with  evoln. 
of  flame.  Was  prepd  by  Moissan  on  heating 
RbHC,  in  a vacuum 

Refs:  l)Beil  1,239  2)H.Moissan,  CR136, 

1221(1903)  & JCS  84  I,  546(1903) 

Silicon  Carbide,  SiC,  mw 40. 10;  crysts  from 
pale  gm  to  blk,  mp- starts  to  dec  ca  2500° 
and  dec  completely  ca  2700°,  d 3. 15-3.20 
Was  first  prepd  in  1891  by  Ache  son  by 


heating  Si02  with  C and  essentially  the  same 
method  is  used  now.  It  is  an  abrasive,  which 
only  boron  carbide  and  diamond  surpass  in 
hardness.  A detailed  description  of  SiC  is 
given  in  Kirk  & Othmer  2(1948),  854-66(49 
refs) 

Silver  Acetylide;  Di silver  Acetylide  or  Silver 
Carbide  (Azetylenesiiber,  Disilberacetylenid 
or  Silberacetylenid,  in  Ger),  Ag2C2,  mw 
239.78.  Wh  solid  expl  at  120-140°  (Ref  2,  p 3); 
225°  (Ref  6,  p 304)  for  Ag2C,  prepd  from 
neutral  soln.  Was  first  prepd  in  1858  by  Quet 
and  in  the  same  year  by  Vogel  & Reischauer 
(see  Ref  2,  p 1)  by  passing  a stream  of 
acetylene  through  an  ammoniacal  soln  of 
silver  nitrate.  Stettbacher(Refs  2 & 6a)  arid 
other  investigators(Refs  3-6)  studied  props 
of  AgjQ  and  compared  methods  of  prepn 
using  ammoniacal  silver  nitrate  solns  with 
those  using  neutral  or  slightly  acidic  solns 
[see  also  Di  silver  Acetylide- Silver  Nitrate 
(Complex)] 

A method  of  prepn  recently  described(Ref  7) 
consists  of  passing  a rapid  stream  of  acetyl- 
ene through  an  aq  N/ 10  soln  of  silver  per- 
chlorate contg  10%  ammonia 

Following  are  some  props  of  silver  acetyl- 
ide which  was  prepd  from  ammoniacal  solns 
of  silver  nitrate:  deton  vel  1880  m/sec  at  d 
(not  given);  power  by  Trauzl  test  132  cm* 
at  d 1.67(Ref  6,  pp  304-5);  minimum  initiating 
charge  for  0.8g  tetryl,  0.07g  Ag2C2  compared 
to  0.0  2g  for  LA(Ref  2,p  4);  heat  of  expln 
400  cal/g 

Taylor  & Rink enbach( Ref  4)  investigated 
four  samples  of  silver  acetylide  prepd  by 
various  methods.  The  sample  B, prepd  from 
an  ammoniacal  soln  of  AgN03,gave  an  impact 
sensitivity  with  0.5kg  wt  15  cm(LA  43  cm); 
expln  temp  177^LA  383°)  pendulum 
friction  values,  fall  33  cm  and  number  of 
swings  4(for  LA  37.5  cm  and  12  swings) 

AgaC2  is  considered  to  be  inferior  in 
expi  props  to  silver  acetylide- silver  nitrate, 
which  is  described  below.  Ag2C,  is  more 
sensitive  to  shock 

Muraour(Ref  5)  investigated  the  action  of 


the  shock  of  electrons  on  Ag,Cj 
Refs:  l)Beil  1,241,(104),  [217]  & 19101 

2)6.Stettbacher,  SS  11#  1-4(19 16)  3 )J- 

Eggert, ChemZtg  42, 199-200(1918);  Ber 
51,454-6(1918)  & JSCI  37, 390  A(  19 18)  4) C. 

A. Taylor  & W. H.  Rinkenbach,  JFrankllnst 
204,374(1927)  5)H.Muraour,  Chim  & Ind 
30,39-40(19  3 3)  & CA  27,5541(1933)  6) R. 

Stadler,  SS  33,270,  30  2 & 334(  1938)  6a)  A. 

Stettbacher,  NC  11,227(1940)  7)R.Vestin 
& E.Ralf,  Act aChemScandinavica  (Denmark) 
3,101(1949)  Svensk  Kemisk  Tidskrift 
(Sweden)  66,66- 78(1954) (33  references)  & 

CA  49,3795(1955) 

Monosilver  Acetyl Ide  + Silver  Chloride 

(Complex),  AgHCj . AgCl  or  Ag2HCjCl,  wh 
weakly  expl  ppt.  Can  be  prepd  by  treating 
an  ammoniacal  soln  of  AgQ  with  ah  excess 
of  CjHj 

Refs:  l)Beil  1,241  2)C. Willgerodt,  Ber 

28,2111(1895) 

Note:  According  to  R.Vestin  & E.Ralf,  Acta 
ChemScandinavica  3,106(1949)  & Beil  1, 

1910 \ this  complex  does  not  exist 
Monoiilver  Acetylide  + Silver  Nitrate 
(Complex),  AgHCj.  AgN03  or  AgHCjNO, 

Solid,  expl  violently  ca  230°.  Can  be  prepd 
from  CjHj  and  an  aq  soln  of  silver  nitrate, 
as  described  in  Ref  2 

Refs:  l)Beil  1,241  2)C. Willgerodt,  Ber 

28,2108- 10(  1895) 

Note:  According  to  R.Vestin  & E.Ralf,  Acta 
ChemScandinavica  3,106(1949)  & Beil  1, 

(910l;  this  complex  does  not  exist 
Oi silver  Acetylide  4-  Silver  Chloride( Complex), 
AgjCj . AgCl  or  [ AgjC2]Cl;  wh  expl  ppt.  Can 
be  prepd  by  passing  C2H2  through  an  ammon- 
iacal soln  of  freshly  pptd  AgCl  until  about 
two-thirds  of  the  AgCl  is  consumed 
Refs:  1) Beil  1,241  2)M. Berth elot  & M. 

Delepine,  CR  129,370(1899)  & JCS  761,842 
( 1899) 

Disilver  Acetylide  + Silver  Nitrate  (Complex) 
(Silver  Acetylide- Silver  Nitrate),  Ag2C2  .- 
AgNO}  or  AgjCjNOj,  mw  409.67,  N3. 42%.  Wh 
pdr,d  5.38(Ref  5)>,mp-deton  ca  212^Ref  6). 


It  is  in  sol  in  w,  ale  & eth.  Was  prepd  by 
passing  pure  C2H2  through  a soln  of  10  g 
AgNOj  in  40  ml  HaO  and  6 ml  HNOs(d  1.4). 
After  cooling,  the  wh  ppt  was  filtered  from 
the  soln  and  purified  by  washing  with  ale 
and  acet.  The  yield  was 7 to  7.95  g comp- 
ared with  the  theoretical  8.04  g(Ref  2).  An- 
other method  of  prepn  is  to  pass  CjHj  through 
an  aq  soln  of  AgNOj,  not  stronger  than  10% 
(Refs  3 & 6) 

This  compd  is  more  powerful  and  less 
sensitive  than  Ag2Cj.  Its  rate  of  deton  is 
higher  than  that  of  Ag2Cj,  but  the  brisance 
is  almost  the  same.  It  is  extremely  sensitive 
to  flame,  less  sensitive  to  impact  than  MF 
and  less  sensitive  to  friction  than  LA.  It 
detonates  according  to  the  equation: 

Ag2Ca . AgNOj  - 3Ag(vapor)  + C02  + CO  + 
0.5Nj  + 185  cal(Ref  3,  P 338) 

Following  is  additional  data  on  the  expl 
props  of  this  complex:  brisance( Brisanxwert, 
ealed  by  the  Kast  formula)  94( millions),  com- 
pared with  107  for  LA;  deton  vel  3460  m/sec 
at  d 3-96(L  A 5300  at  d 4.6);  expln  temp  217° 
& 265C(LA  315°);  beat  of  expln  451  cal/g 
(LA  268);  impact  sensitivity  with  a 2kg  wt 
3.4  cm(LA  3.2  era);  initiating  ability-com- 
parable  to  MF  and  LA;  power(by  Trauzl  test) 
145cmJ  for  a 10g  sample(LA  181  cm5);  spec 
vol  200  l/kg(LA  310);  stability  in  storage 
at  90  satisfactory.  It  is  unaffected  by  moist- 
ure, light  and  CO;  temp  of  expln  (ealed  by 
Kast  formula  given  in  Ref  3,  p 338)  5740° 
(LA  3450°) 

According  to  Shaw  & Fisher(Ref  6a), this 
complex  can  be  used  as  a means  of  detg 
CjH2  in  gas  mixtures 

Refs:  l)Beil  1,241  & I910I  2)A.Stett- 

bacher,  SS  11,1-4(1916)  3)R; Stadler,  SS 

33, 27 1-  2,  30  4-  5 & 334-8(  19  38)  4)  A.  Stett- 

bacher,  NC  11,227-9(1940)  5)Ibid  13,26 
(1942)  6) J.  A.  Shaw  & E.  Fisher,  J ACS  68, 

2746(1946)  6a)J.  A.  Shaw  &E.  Fisher,  Anal 
Chem  20,533-6(1948)  7)Jf.A.Shaw  & E. 

Fi  sher,  BritP  6 16, 319(  1949)  & CA  43,5175 
(1949);  USP  2,474,869(1949)  & CA  43, 
7670(1949)  (Highly  explosive  Ag2C2 . AgNQ3 


Note : W.Venier,  BritP  6705(1906)  proposed  to  use  Ag2C2  as  an  ingredient  of  primer  compns,  such 
MF  41.4,  KCIOj  41.4,  Ag2C2  6.9,  K picrate  6.9  & A1  3.4% 
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complex  was  obtained,  together  with  non- 
explosive AgjCg.  6AgNO,,  during  removal 
of  acetylene  from  coke-oven  gases  by  ab- 
sorption in  an  aq  soln  of  AgN02) 

Disilver  Acetylide  ♦ Six  Silver  Hitrotes 
(Complex),  AgjCj  +6AgN05  or C2 AggNjO^, 
crysts,  mp-when  heated  to  308-327°  it  melts 
and  then  suddenly  decomp  with  evoln  of 
red  fumes.  Can  be  prepd  by  passing  C2H2 
through  a 30%  soln  of  AgNOj  in  H20  or  N/ 1 
HNOr  It  is  not  expl 

Refs:  l)Beil  1#  i91ll  2)J.  A.Shaw  & E. 

Fisher,  J ACS  68, 774%  1946);  USP  2,474,869 
( 1949)  & CA  43,7670(  1949)  3)1  bid, USP 

2,483,440(1949)  & CA  44,1679(1950) 

Disilver  Acetylide  + Silver  Iodide  (Complex), 
Ag,Ca . Agl  or  [ AgjCj]  I;  gm  very  expl  ppt. 
Can  be  prepd  from  C2HS  and  an  ammoniacal 
soln  of  freshly  prepd  Agl,  taken  in  excess 
Refs:  l)Beil  1,241  2)M.  Berthelot  & M 

Delepine,  CR  129,361(1899)  & JCS76  I, 

8 42C 1899) 

Disilver  Acetylide  + Two  Silver  Iodides 

(Complex),  AgjCj  + 2AgI  or  A^C,^;  yel 
ppt  which  mildly  deton  when  heated  in  a 
flame.  Can  be  prepd  by  reacting  C2H2  with 
Agl  soln  in  aq  KI  in  the  presence  of  a small 
amt  of  KOH 

Refs:  1) Beil  1,241  2) M. Berthelot  & M. 

Delepine,  CR  129,361(1899)  & JCS  76  I, 

842(  1899) 

Dl silver  Acetylide  + Two  Silver  Perchlorates 

(Complex),  AgjCj  + 2AgQ04  + 2H20;  wh 
crysts,  expl  on  heating.  Can  be  prepd  by 
treating  AgaCj  with  coned  Ag  perchlorate 
soln 

Refs:  1) Beil  1,(910 1 2)R.Vestin  & E. 

Ralf,  ActaChemScandinavica  3,112(1949) 

Di silver  Acetylide  + Di silver  Sulfate 
Complex,  ( AgjCj) . Ag2904  or  (AglC2)  AgS04, 
wh  ppt,  deton  weakly  in  vacuo.  Can  be 
prepd  by  treating  C2H2  with  an  excess  of 
silver  sulfate  in  soln 

Refs:  1) Beil  1,241  2)M. Berthelot  & M. 

Delepine,  CR  129,361(1899)  & JCS  76  l, 
842(1899) 


Di  silver  Oxide  + Acetylene  + DI  silver  Chrom- 
ate (Complex),  Ag20  + C2H2  + Ag2Cr04.  Or-red 
crysts,  expl  ca  157°.  Can  be  prepd  from 
acetylene  and  a boiling  soln  of  silver  bi- 
chromate 

Refs:  1) Beil  1,241  2)M. Berthelot  & M. 

Delepine,  CR  129,361(1899)  & JCS  76  I, 
842(1899) 

Note:  According  to  R.Vestin  & E.Ralf,  Acta 
OiemScandinavica  3,  104(1949)  & Beil  1, 

(91l|  the  existence  of  this  compd  is  question- 
able 

Two  Disilver  Acetylides  + Silver  Chloride 
(Complex),  (Ag2C2)2 . AgQ  or  Ag2C2  + 

Ag3Cj Cl;  yel  ppt  which  expl  violently.  Can 
be  prepd  by  treating  ammoniacal  AgQ  soln 
with  HC1  and  CjH2 

Refs:  1) Beil  1,241  2)M. Berthelot  & M. 

Delepine,  CR  129,361(1899)  & JCS  76  I, 
842(1899) 

Silver  Acetylide,  Analytical.  The  acetylene 
content  can  be  deed  by  the  same  method  as 
described  under  Copper  Acetylides,  Analytical, 
procedure  A,  except  that  the  sample  shall 
not  be  exposed  to  direct  light  The  silver 
content  can  be  detd  by  transferring  quanti- 
tatively the  residue  of  AgCl  in  the  flask  into 
a taxed  sintered  glass  crucible,  rinsing  it 
with  w and  then  alcohol,  drying  it  and  weigh- 
ing 

R.  Stadler,  SS  33,269-72,30  2-5  & 334-38 
(1938),  briefly  outlines  analyses  of  pure 
and  tech  silver  acetylides  and  describes 
methods  of  detg  the  expln  temp,  heat  of 
expln,  gases  developed  on  expln,  vel  of 
deton, lead  block  expansion,  sensitivity  to 
initiation,  friction  sensitivity,  impact  sensi- 
tivity, stability  in  storage  and  brisance 
by  Kast  formula 

Silver  Acetylide,  Destruction  can  be  ac- 
complished by  dissolving  it  in  dil  nitric  acid 
and  pouring  the  soln  into  a sink.  Another 
method  is  to  make  ammoniacal  the  mixture 
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contg  solid  acetylide  and  then  dissolve  the 
ppt  (under  hood)  in  $%  KCN  soln.  The 
resulting  liq  is  poured  into  5%  ferrous  sul- 
fate (to  destroy  the  excess  cyanide)  and 
then  into  a sink 

Ref:  S.Siggia;  "Quantitative  Organic  An- 
alysis via  Functional  Groups,"  Wiley, 

NY(1949),  53  & 55 

Mono  sodium  Acetylide  or  Sodium  Hydrogen 
Acetylide  ( Ethynyl  sodium)  NaHCJ(  mw 
48.02;  wh  to  yel  friable  solid,  d 1.33;  nip 
expl  ca  150°  with  evoln  of  gases  that  catch 
fire  in  the  air  leaving  a blk  residue  which 
is  still  very  reactive;  decomp  explosively 
on  contact  with  w or  ale  and  bums  with 
flame  in  atm  of  Cl  or  Br  at  RT;  it  is  sol 
in  liq  NHS  and  in  sol  in  eth  & benz.  Was 
first  prepd  by  Berthelot  (Ref  2)  by  heating 
Na  with  CjHj  and  then  by  Moissan  (Ref  3) 
from  Na  and  C.Ha  at  RT  but  under  pressure. 
Many  other  methods  of  prepn  are  given  in 
the  literature.  Its  prepn  from  Na  & C2H2  in 
liq  NHj  and  from  sodamide  and  C2H2  in  liq 
NHj  are  described  in  Refs  4-7 
Refs:  l)Beil  1, 238, ( 10 4) ,1.217]  & l909i 

2) M.  Berthelot,  AnnChim[4]9,402(  1866) 

3) H.Moissan,CR  126,302(1898)  4)T.H. 

Vaughan  et  al,  JOC  2,2-5(1937)  5)Inorg 
Synth  2(1946),  76-81(12  references)'  6)Org 
Synth  30(  1950),  15  7)R. A. Raphael,  "Acetyl- 

enic Compounds  in  Organic  Syntheses," 
Academic  Press,  NY(1955),  193  8)Air 
Reduction  Co,  BritP  744,803(1956)  & CA  50, 
17358(  1956)(Prepn  of  NaHC2  by  treating 
CjH2  at  < 110°  with  Na  dispersed  in  an  inert 
liq  such  as  xylene) 

Disodium  Acotyiide  or  Sodium  Carbide, 

NaqCj,  mw  70.00;  whpdr,  d 1.575  at  15°,  mp 
decomp  ca  400°;  in  sol  in  common  org  sol- 
vents. It  reacts  explosively  on  contact 
with  w and  forms  expl  mixts  with  oxidizers, 
phosphorus,  some  metals,  chlorides  and 
iodides.  Was  first  prepd  by  Berthelot  (Ref  2) 
from  CjHj  and  molten  Na.  Matignon  (Ref  3) 
prepd  it  by  heating  mono  sodium  acetylide 
to  210- 220°.  Guernsey  & Sherman  (Ref  4) 
describe  in  detail  apparatus  and  procedure 
by  bubbling  acetylene  through  molten  Na. 


Ylla-Conte  (Ref  5)  patented  in  Germany  an 
industrial  method  of  prepn  by  the  action  of 
Na  vapors  on  carbon  at  high  temps  produced 
by  an  elec  arc  betn  C electrodes  in  atm  of 
H in  a closed  chamber.  Some  other  methods 
are  listed  in  Ref  1,  p (9091 
Refs:  l)Beil  1,239, [217]  & l909l  2)M. 

Berthelot,  Ann  Chi  m [4]  9,40  2(  1866)  3)Matignon, 
CR  124,776(1897)  4)E.W. Guernsey  & M.S, 

Sherman,  J ACS  48, 14 1 (1926)  5)J- Ylla-Conte, 

GerP  526,627(1930)  & CA  4808(1931) 

Strontium  Acetylide  or  Strontium  Carbide, 

SrCj ; greyish  solid,  d 3.19;  reacts  with  w and 
acids  with  evoln  of  acetylene.  Was  first 
prepd  by  Moissan  (Ref  2)  on  heating  Sr  or 
SrCOj  with  carbon  in  an  elec  furnace.  Franck 
et  al  (Ref  3)  prepd  it  by  heating  Sr  or  SrO 
with  CO  at  1050a&  2000°.  Cryst  structure 
is  discussed  in  Ref  4 

Refs:  l)Bei!  7,  24 3 & 111  2)H. Moissan, 

CR  118,684  (1394)  & JCS  66  1,314(1894) 

3)H.H. Franck  et  al,  ZAnorgChem  232,109 
(1937)  & CA  31,5289  4)M.  A.  Bredig,  JPhys 

Chem  46,816,818(1942)  & CA  37, 1918(  1943) 
Thorium  Dicarbide,  THC,,  solid,  d 8.96  at 
18°.  Was  prepd  by  Moissan  & Etard  on  heating 
in  an  electric  furnace  a mixt  of  powdered 
thorium  oxide  and  sugar-charcoal  made  into 
a paste  with  turpentine.  Other  methods  of 
prepn  are  given  in  Ref  3 

Refs:  l)Beil  {914I  2)H,Moissan  & 

A.  Etard,  CR  122,  573(18 96)  & CA  70  H,  423 
(1896)  3)Gmelin,  Syst  No  55,  '‘Thorium" 

(19  5 5),  298 

Titanium  Carbide,  TiC;  solid  mp  ca  3140° 
d 4.97.  Can  be  prepd  by  heating  an  intimate 
mixt  of  TiOa(or  Ti  metal)  with  carbon  in 
vacuo  or  in  atm  of  hydrogen.  It  is  used  as 
an  abrasive,  being  slightly  softer  than  WC 
Ref:  Kirk  & Othmer  2(1948),  848-9 
Tungsten  Carbide  (Wolfram  Carbide)  WC; 
crysts,  mp  2867,  d 15.7.  Was  first  obtained 
in  1893  by  Moissan.  Can  be  prepd  by  heating 
W- metal  pdr  and  carbon  black  to  cu  2000° 
in  a pure  graphite  crucible.  It  is  the  most 
important  abrasive  for  general  use 
Ref:  Kirk  & Othmer  2(  1948),84<S-8(  13  refs) 


Uranium  Carbia'a*.  Moissan  prep  a in  1896  a 
gm  cry st  compd  d 11.28  at  18°  to  which  he 
assltmed  the  formula  UC..  This  method  of 

« 3 J ' 

prepn  consisted  of  heating  a mixt  of  UsOs 
with  sugar-charcoal  in  an  elec  furnace.  Later 
investigators  obtained  on  using  Moissan’ s 
method  U}C.  As  none  of  the  compds  prepd 
by  Moissan’ s method  was  pure,  Litz  et  al 
(Ref  3)  designed  a new  method  of  prepn  and 

j_j  : tt/~  J t t/- 

ouwccucw  ill  auug  puiv  uv^>  “‘u 

Both  compds  are  crystalline.  UC  goes  at 
temp  ca  2400°  to  UC. 

Refs:  l)Beil  1,  |28 ! 2)H.Moissan,  CR 

122,  27 4(  189  6)  & JCS  70  II,  3 64(  1896)  3) 

L.M.Litz  et  al,  JACS  70,1718-22(1948) 
Vanadium  Carbide,  VC,  crysts,  d 5.36.  Was 
first  obtained  in  1896  by  Moissan  on  heating 
vanadium  anhydride  with  carbon  in  the  car- 
bon tube  of  an  elec  furnace  (Ref  2)  Ol d 
ham  Sc  Fischer  (Ref  3)  examined  some  re- 
actions of  pure  VC  obtained  from  the  Van- 
adium Corp  of  America.  According  to  Kirk 
& Othmer  (Ref  4),  VC  was  used  during  WWII 
in  Germany  when  w'C  became  unavaiiabie 
Re/s:  l)Beil  1,1 28  i 2)H.Moissan,CR 

1 'V\*T/  a.  T/'C  TA  TT  /n r»/  ir\ev/\  *vv 

i4xf  ir//\ioyu;  <x  / u u,  uuoi  ioyu;  3) 

S. E.Oldham  & W.P.Fishel,  JACS  54,3610- 
12(1932)  4)Kirk  & Othmer  2(19 48), 849 

Wolfram  Carbide.  See  Tungsten  Carbide 

7 1 n A l/J*  f *~7\  **  r*  on  I A in  C!op\ 



ZnCa;  yel  pdr,  reacts  with  w or  NaOH  soln 
giving  off  C.H..  Can  be  prepd  by  passing 
dry  CjH,  over  Zn  pdr  at  450*500° 

Refs:  l)Beil  l.[220]  2) J. F. Durand, 

CR  176,992(1923);  BuIiFr[4l  35,166  & 
1142(1924);  JCS  126  I,  602(1924) 

Zirconium  Carbide,  ZrC;  grey  pdr,  not  at- 
tacked by  w,  NHj  or  HC1  even  when  heated. 

It  is  harder  than  quartz  but  softer  than 
ruby.  Was  first  prepd  by  Moissan  et  al  on 
beating  a mixt  of  Zr  oxide  with  carbon  in 
an  el  ectri  c fum ac  e 

Refs:  i) Beil— not  round  2)H. Moissan 

et  al,  CR  122,651(1896)  & CR  70  II,  429 
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Acety!  Lnurjn  ( Acetyl  Coconut  Oil).  A compd 
patented  by  Woodbridge  (Ref  1)  foruse(in 
combination  with  DNTetc)as  an  iagredient 
of  smokeless  propellants.  The  foimula  and 
methods  of  prepn  are  not  given  in  the  ori- 
ginal patent  but,  according  to  C.  I.  Johnson 
(Ref  2),  the  product  designated  as  acetyl 
iaurin  apparently  consisted  of  a mixture  of 
monoacetyl  dilaurin,  C3HS  OjCCHjCOXC^HjO)! 
and  diacetyl  monolaurln.  CjH.  O.fCH.CO).- 
(CnHjjCO)  in  which  the  term  Iaurin  was  used 
to  mean  coconut  oil.  This  material  is  a good 
plasticizer  forNC  and  a satisfactory  pro- 
pellant was  made  using  it.  It  also  acts  as 
a flash  reducer 

According  to  F.R.Schwart2(Ref  3),  the 

] 1_  . _ * e 

ui ay  uc  prepa  as  iohows:  a)tieat 

mixture  consisting  of  639  g coconut  oil 

( I molL  Ifift  o hi  ffh  hr  oNr  1/00  W 

' re o — o"  D-"  J *\yu /o 

purity)  (2mols)  and  0. 3*0.5  g CaO( catalyst) 
at  250^  480° F)  with  agitation  and  in  an  atm 
of  C02  b)  Periodically,  withdraw  a small 
amt  of  the  reaction  mixture  and  test  it  for 
miscibility  with  90/ iu -methanol/ water  soln. 
As  soon  as  one  part  of  the  reaction  mixture 

hpCrttn  f*  c mi  er*» kl  **  mJ  #-k  A k ^ rtn  y + w 

— v "iui  1 ^ana  ui  U1C  yyj / 

methanl- water  solvent,  stop  heating  c) 
Filter  while  still  hot  using  a filter  0f  Colum- 
bia activated  carbon  and  8 g of  Decalite 
(diatomaceous  earth)  to  remove  the  CaO 
catalyst  d)  Add  150  g of  AcOH  + 2 g 
HjS04  to  the  filtrate  and  heat  under  reflux 
untii  the  acid  number  i s less  than  5,  This 

takes  2 to  5 hours  e)Distill  off  the  excess 
..  . , 

... — a aucam  oi  neutralize 
with  NajCOj  and  filter 

N e\t  J -£  . _ & ■ i . 

picpu  ui  acetyi  launn  is 
described  in  detail  because  it  is  not  found 
in  the  literature 

Another  method  of  prepn  of  acetyl  Iaurin 
is  to  treat  triacetin  (see  under  Acetins),  in 
the  presence  of  an  alkaline  catalyst  with 
1 auric  acid  to  replace  one  of  the  acetyl  groups 
-..v  nwu  piuaucea  oy  tne  reaction  can  be 
removed  by  azeotropic  distn  using  sufficient 
hydrocarbon  solvent  to  maintain  the  distn 
temp  at  ca  200° 


Refs:  I)  R.  w.  woo  abridge,  USP  1,654,776 

(1932)  & CA  26,3380(1932)  2)C.I.  John  son, 

Bur n side  L aboratory  o f F.I.duPont  Co.  Penn* 
Grove, NJ;  private  communication,  Oct  17, 

1950  3)  F.R.  Schwartz,  Pic  Arsn  Dover,  NJ; 

private  communication,  April  1958 

Acetylmethylglucoside.  See  Methylgluco- 
sideacetate 


Acetyl  methyl  nl  frolic  Acid;  Pyruvoni  frolic 
Acid  or  a-Nitie-a-iBonitrosoacetone  [ 1-Nitro- 


propanon-(2)oxim-(  1),  in  Ger],  CHS.  CO.  Cr 

r\TA  \ » XT  AH 1-JAAD  XT  A 1 O 1 

. uii,  iim  n A!*  *v 

COj  -48.57c,  OB  to  CO  -12.1%.  Plates,  un- 
stable, mp  55-62°  with  decompn;  very  sol 
in  w & eth,  insol  in  ligroin.  Was  prepd  by 
mixing  acetone  with  nitric  acid(dl.  14)  and 


a little  fuming  HNO,  and  allowing  the  mlxt 
to  stand  for  8 days  at  RT.  An  ether  extrac- 

— — a m otViirl. 

livil  ^av  C LTU  t ▼ UiU  ijvuic  Aiuwiai^« 

nitrolic  acid(Refs  1 & 2).  Krauz&  Stepanek 
(Ref  3)  attempted  and  failed  to  prep  tetra- 
nitromethane  by  nitration  of  acet.  Instead, 
they  obtd  (after  treating  the  nitrated  prod 
with  silver  salt)  an  expl  compd  claimed  to 
be  the  Ag  salt  of  acetylmetbylnitrolic  acid, 
CH3  . CO . QNO}) ; N . 0 Ag  (see  also  Ace- 
tone, Nitration) 


i/Lltli  iy  l\4  WtlL^ilU  ot  AX. 

Tryller,  Ann283, 22 1- 3C 1894)  3)C.Krauz 
& J, Stepanek,  ChemObzor  10, 137-40(  19  3 5) 

& CA  30,3403(1936) 

ACETYLMETHYLOXYDI  AZOLES, C,H6N202, 
mw  126.11,  N22.  22%.  Following  isomers  are 
listed  in  the  literature:  4-Acetyl-5-methyl- 
l,  2, 3-oxydiaioie;  Acetyl  acetone-dlazoan- 
hydrfde  or  Diazo acetyl ocetoneanhydride, 
r-M  =r-_n=M 

^**3  *; 


CH, . CO . C N 

It  yel  oil,  does  not  solidify  at  -17°;  dec 
ca  90°  when  distd  at  13  mm  press  and  ex- 

„ J „,u j:  -tfn \ : _ 

UiOlU  at  / uu  HUH > Wl  ill  W, 

ale  & eth.  Was  prepd  by  diazotization 
of  the  prod  obtd  on  redn  of  i so  nitro  so  acetyl- 
acetone  with  Zn  in  dil  H2SO^ 

Refs:  l)Beil  27,631  & (585)  2)L. Wolff 

et  al,  Ann  325,175(1902)  & 394,36-8(1912) 
3)H.  Staudinger,  Helv  4,239(1921) 


4-Acetyi-3-methyM,2,5-oxydi<]xoie  or  4- 
Aeetyl-3-  mothyl  -fura  zon, 

N-O-N 

II  II  ; 

ch.  . co . c r cu 

o - - - — - " “3 

liq,  bp  154.  5°  at  743  mm;  volat  with  steam; 

di  f f sol  in  w.  Can  be  nrend  hv  heating  r,’  - 

. _ . — - f * T ’ “ / O •" 

acetyl-a-methyl-glyoxime  di  acetate  with  w 
Re/s:  1) B eil  27,[692l  2)G.Ponzio  & G. 

Ruggeri,  Gazz  52  l,  294,  297 ( 1922)  &CA  16, 
2676(1922) 

3- Ac  etyl -5-methyl -1,2, 4-o  xydi  azole, 

CH, . C-O-N 

' II  II 

N C.  CO.  CH3 


This  compd  is  not  described,  but  its  oxime 
and  oximebenzo ate  are  in 

Refs : 1)  Beil  27,[ 69  2]  2)G.Ponzio  & G. 

Ruggeri,  Gazz  53,301(1923)  & CA  17,3874 
(1923) 

A cetyl  naphthyl  amine.  See  Acet  ami  don  aph- 

ch  ai  cu  ^ 

Acetyl  Nitrate  or  Acyl  Nitrate  (Nitroacetic 
anhydride),  CH* . CO  . O , NO,,  mw  105.05. 

N13.  33,  OB  to  CO,  -22.8%.  Col,  hyg,  strongly 
fuming  (in  air)  liq,  d 1.24  at  15°  bp  22°  at 
70  mm;  dec  ca  60u  to  oxides  of  N,  TeNM 
& a yel  oil;  expl  violently  on  rapid  heating 
o r on  contact  with  active  czidcs  such  as 
HgO;  dec  by  w into  AcOH  & HNOs.  Can  be 
prepd  by  the  action  of  N.O.  on  Ac.O  in  the  cold 
or  by  adding  anhyd  HN03  to  a slight  excess 
of  ACjO,  followed  by  distn  in  vacuo  (Refs 
1,2, 3 & 5).  Another  method  involves  treating 
ketene  with  anhyd  HNOs  in  the  presence  of 
inert  diluents  (such  as  CCI4,  CH2CI2,  etc) 
in  cold  (-10  to  ~40c)(Ref  12).  Its  solns  are 
nrpnd  bv  mixing  fuminfr  HNO  with  AcOH  fir 

L ‘ I / C»  C» » 

ACjO,  in  the  cold.  Wibaut  (Ref  4)  reported 
an  expln  of  crude  acetyl  nitrate  during  its 
distn  in  vacuo  and  Kdnig(Ref  15)  reported 
two  expins  attributed  to  acetyl  nitrate 
Acetyl  nitrate  is  a very  powerful  nitrating 
aeent  and  can  be  used  for  the  prepn  of  anhyd 

ifinf  & mrrof  ac  /’Dot  O a <s  a.  aII  « « _ 

o — » * in tn c esters 

of  alcohols,  PE  and  cellulose  (Ref  10).  Dis- 
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cussion  on  nitrating  action  of  acetyl  nitrate 
is  given  in  Ref  8.  With  aromatic  compds, 
acetyl  nitrate  shows  a strong  tendency  to 
give  ortho- substituted  products.  Thus  toluene 
nitrated  with  acetyl  nitrate  gives  88%  ortho- 
and  only  12%  para-nitro toluene.  Acetylnitrate 
so  Ins  intended  for  nitration  purposes  shall 
be  prepd  just  before  use  by  gradually  running 
fuming  nitric  acid  into  freshly  prepd  mixt  of 
ACjO  with  AcOH.  All  operations  of  mixing 
and  nitration  must  be  conducted  in  the  cold, 
preventing  excessive  evoln  of  red  fumes. 

Benzoyl  nitrate  is  also  a good  nitrating 
agent 

Following  are  some  props  of  acetyl  nitrate 
given  in  the  literature:  Vandoni  & Vi  ala  (Ref 
6)  deed  the  compn  of  the  vapors  & partial 
pressures  of  acetyl  nitrate,  AcjC^NjO,  & 

HNO,  at  0°;  total  press  was  also  measured. 
Dunning  & Nutt(Ref  11)  gave  freezing  points 
of  acetyl  nitrate  and  anhyd  HNOa.  Cbedin  & 
Feneant(Refs  7 & 9)  gave  Raman  spectra 
of  mixts  AcjO  & HNO,  at  -10°,  as  well  as 
some  other  props.  Mal’kova(Refs  13  & 14) 
investigated  the  systems  Ac,0-HN0,  by 
methods  of  physico-chemical  analysis 
Refs:  l)Beil  2, 17 1,(79)  & [ 175]  3) A. 

Pictet  & E.Khotinsky,  CR  144,210(1907); 

Ber  40,1164(1907)  & CA  1,1117,154X1907) 

3) J.Houben,  MDie  Methoden  der  Organi- 
schen  Chemie,”  G. Thieme,  Leipzig,  4(1941) 

4) J.P.Wibaut,  ChemWbl  39,534(1942)  & 

CA  38,3129(1944)  5) A. Chretien  & G.Boh, 

CR  220,  822-X1945)  & CA  40,369X1946) 

6) R.  Vandoni  & R.  Viol  a,  MSCE  32,80-6 

(1945)  & CA  42,4812(1948)  7)J.Ch6din  & 

S. Fen e ant,  CR  229,115-17(1949)  & CA  44, 
6274(1950)  8) V.  Gold  et  al,  JCS  1950,2467- 

73  & CA  45,7  5 38(1951)  9>J-Chedin  & 

S. Feneant,  MSCE  35,53-62(1950)  & CA 
46,2887-8(1952)  10)J.Chedin  & A. 

Tribot,  MSCE  36,37-42(1951);  BullAss 
Tech  IndPapetiere  5,  435*4X1951)  & CA 
46,3757(1952)  11)W.  Dunning  & CNutt, 

TrFarad  Soc  47, 15-25C  195D&  CA  45,6467(1951) 
12)M. Reuter,  GerP  849,405(19  5 2)  & CA  47,4899 
(1953)  IJJT.Mal’kova,  ReferatZhKhim  1954, 
No  33882  & CA  49,937X1955)  14)T.Mal’kova, 


ZhObshchKhim  24,1157-64(1954)  & CA  49, 
2167(1955)  15)W.Kdnig,  AngChem  67, 157 
(1955)  & CA  49,6607(1955) 

Acetyl  Nitrite  (Nitro so  acetic  Anhydride), 

CH, . CO.O.NO  mw  89.05,  N 15.73%.  Yel 
liq,  dec  by  direct  light,  its  vapors  expl 
violently.  Can  be  prepd  by  the  action  of 
nitrosyl chloride  on  AcOAg  under  strong 
cooling  (Ref  2)  or  by  the  action  of  dry  AgNOj 
on  acetyl  chloride  at  -30  to  -40° 

Refs:  1)  B eil  2,170  & (79)  2)L.Fraa- 

cesconi  & U.Cialdea,  AttiRAccadLincei 
[V],  12  II,  74-5(1903)  & JCS  84  L 788(190  3) 
3)E.Ferrario,  Gazz  40  H,  97(1910)  & JCS 
98  1,707(1910) 

l-Actyloctahyd«-3,5,7-trinltro-l#3,5,7- 

tetrazocene.  See  l-Aceto-3,5,7-trinitro- 
1,3,5,7-tetrazacyclooctane,  under  Aceto- 
tetrazacyclooctane 

AcetylpercMorate  or  Acetyliumperchlorate, 

CHjCO*C104.  This  compd  was  usually  prepd  by 
treating  perchloric  acid  with  an  excess  of  acetic 
anhydride:  HC104  + Ac20-+  AcC104 + AcOH.  This 
soln  is  a very  efficient  C- acetyl ating  agent 
(Refs  2%  3).  Schmeisser(Ref  5)prepd  AcClO* 
by  treating  Ag  perchlorate  with  acetylchloride 
in  ether 

Refs:  l)Beil— not  found  2)H. Mackenzie  & E. 
Winter,  TrFaradSoc  44, 169(1947) & CA  42, 
6623(1948)  3)H.Burton& P.Praill,  JCS  1950, 

1203  & 2034  4)Ibid,  1953,827  (Action  of  acetyl 
perchlorate  on  benzene  and  related  compds) 

5)M.$chmeisser,  AngewChem  67,  501(1955)& 

CA  49  15590(1955) 

Acetylperoxlde.  See  Diacetylperoxide 

9- Acetyl  phenanthrene, 

C6H«£.  CO.  CHS 

I I! 

C6H4  .CH 

mw  220-3,  OB  to  COa -268.8%  OB  to  Co 
“152.5%.  Bluish  fluorescent  leaflets  (from 
ale),  mp  123°;  easily  sol  in  eth,  ale  & bz, 
less  sol  in  ligtoin.  Can  be  prepd  by  treat- 
ing phenanthrene  (dissolved  in  benz)  with 
acetyl  chloride  in  the  presence  of  AlCla 
(Refs  1 & 2).  It  was  tried  in  France  as  a 
possible  replacement  for  centralite  in 
some  solventless  smokeless  propellants 
(poudres  SD)  and  found  to  be  of  interest. 

On  extrusion,  the  colloid  prepd  from  NC 
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and  NG  with  7 % acetylphenanthrene  and 
2 % cen trali te  gave  smooth,  brilliant  grains 
of  dark  green  color.  The  propellant  showed 
good  stability  in  storage  at  temp  as  high 
as  90° 

Refs:  l)Beil  7(276)  & [4501  2)1  B Fax- 

benind,  GerP  493688,  ChemZtr  1930  1,3486 
3)R.Dalbert  & H.Fischeroulle,  MP  30, 
283-300(19  48) 

Acetylphenylomine.  See  Aminoacetophenone 

ACETYLPHENYLHYDRAZINE 
AND  DERIVATIVES 

Acetypbenylbydrazine,  C8Hl0N2O  Several 
isomers  are  listed  in  Beil  15,  236,241, 
(62,63)  & [91,92,286] 

Azidoacetylphenylbydrazine,  C#H#NS  O— not 
found  in  Beil  or  CA  through  1956 
Mononitroacetylphenylbydrazine,  C„H9N,0,. 
Several  isomers  are  listed  in  Beil  15,458, 
464,478,  & [180,183,2031 

Dinitroacetylpbenylbydrazine,  CaHflN405 , 
raw  240.18,  N23.  33%-  One  isomer,  2,4- 
dinitro- ^-acetylphenylhydrazine  is  listed 
in  Beil  15,492 

T rinitroocetylphenylhydrozine,C„H7N5  0T, 

mw  285- 18,  N 24.56%.  One  isomer  is  de- 
scribed in  the  literature: 

N*  -Acetyl-N-(2,4,6-tHnltrophenyl)-hydrazine 
or  Acetyl  pi  cryl hydrazine,  CH3.CO.HN.NHr 
C6H2(N02)3;  It  yel  ndls  (from  ale),  grn-yel 
prisms(from  dil  ale);  mp  210^Ref  2),  223° 
(Refs  3 & 4 ) very  diff  sol  in  chlf  & eth, 
insol  in  pet  eth.  Can  be  prepd  by  heating 
pi  cryl  hydrazine  in  glacial  AcOH.No  refs 
to  its  expl  props 

Refs : l)Beil  15,496  2) A.Purgotti,  Gazz 

241,  572(1894)  & JCS  68  I,  28(189  5)  3) 

Th.Curtius  & G.M.Dedichen,  JPraktChem, 
50,272(1894)  & JCS  68  1,30(1895)  4)H. 

Leemann.  & H.Grandmoujin,  Ber  41, 1295 
footnote  2(  1908) 

AC ETYLPHENYLHYDROXYL AMINE 
AND  DERIVATIVES 

Acetylphenylbydroxylamine,  CgH,NOa.  One 
deriv,  N-acetyl-N-pbenyl  -hydroxy l amine, 


CHj . CO . N(OH) . C6H5  is  described  in  Beil 
15,8  &(4).  The  deriv  O-acetyl-N-pbenyl- 
hydroxy l amine,  CH3  . CO  . O . NH . QH  5 was 
not  found  in  Beil  or  CA  through  1956 
Azidoacetylphenylbydroxylamine,  CgHsN402— 
not  found  in  Beil  or  CA  through  1956 
Mononitroacetylphenylhydroxylamine, 

C„Hg  N2  04— not  found  in  Beil  or  CA  through 
1956 

Dinitroacetylphenylbydroxylamine,  CflHjNj06, 
mw  241. 16, N 17. 43%-  One  isomer,  O-acetyl- 
N-(2,4-dinitropbenyl)-bydroxylamine  is  de- 
scribed in  Beil  15,[ll] 

T rinitroace  tyl  phenyl  hydroxyl  amine,  QH^J^Oj, 
mw  286.  l6,N  1958%.  One  isomer  is  described 
in  the  literature: 

0-Acetyl-N-(2,4,6-trinitrophenyl)-hydroxyl- 
amine  or  O-Acetyl-N-picryl-hydroxylamine, 

CH3 . CO . O . NH  . QHjCNOi),;  dk  yel  ndls 
(from  ale),  mp  130^  insol  in  w,  dissolves 
in  soda  soln  (red  color).  Was  prepd  by 
treating  N-( 2, 4,6-trinitrophenyl)-hydroxyl- 
amine  with  boiling  AcaO.  No  mention  of 
its  expl  props 

Refs:  l)Beil  15,[l2l  2)W.  Borsche,  Ber 

56,  1942(1923)  & CA  18,533(1923) 

Acetyl phenylnitramine.  See  Nitramino aceto- 
phenone, under  Aminoacetophenone 
Acetylpicrylhydrazine.  See  N'  -Acetyl-N- 
( 2, 4, 6- trinitrophenyl)- hydrazine,  under 
Acetylphenylhydrazine 
Acetylpicrylhydroxylamine.  See  0- Acetyl- 
N*(  2, 4,6*trinitrophenyl)*hydroryl  amine, 
under  Acetylphenylhydroxyl amine 

ACETYLPYRROLE  AND  DERIVATIVES 

Acetylpyrrole,  Oxoetbylpyrrole  or  Metbyl- 
pyrrylketone , C6  H7NO.  One  isomer  is 
listed  in  Beil  20,165  and  another  in  Beil 
21,271,(280)  & [236] 

A zi  do  acetylpyrrole,  C6H8N40,  mw  163. 14, 

N 42.93%— not  found  in  Beil  ot  CA  through 
1956 

Mononitroacetylpyrrole , QHjNjOj,  mw 
154.12,  N 18.18%.  Two  isomers  are  listed 
in  Beil  21,272 
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DlnltroacetylpyrfoiefCjHjNjOj , row  199-12, 

N 2 1.10%.  One  isomer  is  described  in  the 
literature: 

3r4-(or  4, 5*) Dlnltro-2- acetyl-pyrrole, 

hc=ch-n.  CO.  ch, 

I I 

OaN . C==  C . NOj 
or 

O.N . C=CH-N . CO  . CH3  . 

I l 

OaN . C=CH 

Its  monohydrate,  yel  ndls  (from  w),  mp  106* 

7°,  looses  HjO  and  then  melts  at  114°;  easily 
sol  in  ale,  eth  & hot  benz.  Was  obtained, 
along  with  other  products  by  action  of  fuming 
nitric  acid  on  2*  acetyl-pyrrole,  or  on  4-nitro-2* 
acetyl-pyrrole.  No  refs  to  its  expl  props 
Refs:  l)Beil  21,273  2)G.  Ci  amici  an  & P. 

Silber,  Ber  18,1463(1885) 

ACETYL  SALICYLIC  ACID 
AND  DERIVATIVES 

o- Acetyl  salicylic  Acid  or  Aspirin  (o-Acetyl- 
salicylsaure  or  2*  Acetoxy-ben zoesaure,  in 
Ger),  CHS . COO . C*H4 . COOH,  row  180. 15, 

OB  to  CO,  -159.9%,  OB  to  CO  -79,9%-  Col 
ndls,  mp,  135*6°,  Qc  859.3  keal/mol ; sol  in  w, 
si  sol  in  eth,  very  sol  in  benz.  Was prepd by  Gerhardt 
from  acetyl  chloride  and  Na  salicylate  (Ref  2). 
Can  also  be  prepd  by  treating  salicylic 
acid  with  Ac,0  or  by  other  methods  (Refs  1). 
Several  salts  are  described  in  Ref  3 
Its  lead  salt,  (C,H704),Pb.  mw  565-50, 
was  proposed  as  an  ingredient  of  some 
propellent  mixes 

Refs:  l)Beil  10,67,(28)  & [411  2)Ch. 

Gerhardt,  Ann  87, 16 2(  1853)  2)0. Gem- 

gross  & H.Kersarp,  Ann  406,240*60(19  14) 
3)UUmann  1(1928),  163*4  4)Kirk  & 

Othmer  1(1947),  124*5 
Azidoacetylsolicylic  Add  or  Salicylic 
Acid  Trio io acetate,  CH, . COO . C#H5(NS)  ? 

COOH,  mw  221.17,  N19.00%.  Col  crysts, 
mp  104°;  easily  sol  in  alc,acer,  ErOAc, 
eth,  chlf;  diff  sol  in  w.  Was  prepd  by 
treating  salicylic  acid  with  azi do  acetyl- 
chloride  in  chlf  and  pyridine.  No  mention 


of  explosive  props 

Refs:  l)Beil  — not  found  2)K.  Freudenberg 

ec  al,  Ber  65B,  1190(1932)  & CA  26,50  7 2 
(1932) 

Mononitro  acetyl  salicylic  Acid  or  Nitrosali- 
cylic  acid  Acetate,  QH7NO#.  Several  isomers 
are  described  in  the  literature,  none  of  them 
is  expl 

Refs:  l)Beil— not  found  2)CA  44, 131e 

(1950)  44,83391(1950);  45, 2475  a(  1951);  45, 
7550b, 755 lc(  195 1),46, 30 19c(  1952);  46,6 109a 
(1952);  48, 2676 cd(  1954) 

Dinitroacetyl salicylic  Acid,  C,H6Nj04,  mw 

270.15,  Nl0.37%—not  found  in  Beil  or  CA 
through  1956 

Trinitroacetylsalicylic  Acid,  C,H5N3Ol0l  mw 

315.15,  N13. 33%— 1 not  found  in  Beil  or  CA 
through  1956 

Acetyl tetrani troanil ine.  See  2, 3,4,6-Tetra- 
nitro acetanilide,  under  Acetanilide 
Acetyltetrazacyclooctane  and  Derivatives. 

See  Acetotetrazacycloo'ctane 
Acetyl tetrazanonanediol-di acetate,  Trinitro. 
See  under  Acetyl  di  ac eto  xy  tetraz anon  an e 
Acetyltriazacyclohexane  and  Derivatives.  See 
Acetotriazacy  clohexane 
Acetyl  trini  troanil  ine.  See  2, 4,6*  Trinitro  - 
acetanilide,  under  Acetanilide 
Acetyltrinitrotetrazocyciodctane.  See  1- 
Aceto*3,5,7*triaitro*  1, 3, 5, 7*tetrazacy  clo- 
octane,  under  Acetotetrazacycloo'ctane 
Acetylure(Fr).  Acetylide 

Achema-Jahrbuch  1956/ 1958, Schema,  Frank- 
furt A/M(  1957)(  1068  pp)  is  a catalogue  in 
Engl,Fr,Ger  & Span  of  European  chemical 
plants,  technical  institutes,  apparatus  and 
instruments 

Acid  and  Base.  A general  discussion  on 
acids  and  bases  may  be  found  in  text  books 
of  general,  inorg  and  org  chemy.  The  follow- 
ing selected  publications  deal  mainly  with 
acids  and  b ases: 

1)P. Walden,  "Saits,  Acids  and  Bases," 
Translated  from  the  German  by  L.F.  Audrieth, 
McGraw -Hill, NY(  1929)  2)N,  Bjerrum,  Chem- 

Revs  16,287*304(1935)(Salts,  acids  and 
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bases)(20  references)  3)G.N.Lewis,  J Frank] 
Inst  226, 29>  313(  1938)( Acids  and  bases) 
4)W.F.Luder,  CheraRevs  27,547*83(1940) 
(Electronic  theory  of  acids  and  bases)(109 
references)  5)R-P*Bell,  "Acid-Base  Cata- 
lysis," Clarendon  Press,  Oxford(  1941)  6) 
W.F.Luder&  S.  Zuff  anti,  "The  Electronic 
Theory  of  Acids  and  Bases, "Wiley, NY 
(1946)  7)R.P.Bell,  QuartRevs  1,113-25 
( 1947)(The  use, of  the  terms  "acids"  and 
"bases")  8)G.B.L.  Smith,  "Acid-Base 
System"  in  Kirk  & Othmer,  1(  1947),  128- 137 
9)R.P. Bell,  "Acids  and  Bases.  Their  Quan- 
titative Behavior,”Wiley,NY(  1952)  10)R.P. 
Bell,  Acid-Base  Catalysis  and  Molecular 
Structure,  151-210  in  "Advances  in  Catalysis" 
4,  Academic  Press,NY(195 2) 

Acid,  Abiotic.  See  Abietic  Acid 

Acid,  Acetic.  See  Acetic  Acid 

Acid,  Adipic.  See  Adipic  Acid 

Acid  Analyses  are  given  under  individual 

acids,  such  as  acetic,  nitric,  sulfuric,  etc 

(See  also  Acidity  in  Acids) 

Acid  Anhydrides,  Anolysis  is  described  in 
Organic  Analysis,  Interscience,  NY,  3 
(1956) 

Acid  Boiling  of  Nitrocellulose.  Same  as 
Preliminary  Boiling  of  Nitrocellulose,  See 
Nitrocellulose,  under  Cellulose 
Acid,  Boric.  See  Boric  Acid 
Acide  azoteux(Fr),  Nitrous  Acid 
Acide  axothydrique  (Fr).  Hydrazoic  Acid 
(see  under  Azides,  Inorganic) 

Acide  azotique  (Fr).  Nitric  Acid 

Acide  carboazotique  (Fr).  Picric  Acid  (see 

under  Phenol) 

Acide  carbolique  (Fr).  Phenol 
Acid  Egg  or  Blowcase  is  a type  of  "dis- 
placement pump"(qv)  used  for  transferring 
acids  and  other  corrosive  liquids  from  one 
apparatus  to  another  by  means  of  compressed 
air.  Its  description  is  given  in  Refs  1&2 
The  use  of  acid  eggs  is  safe  for  acids 
having  no  dissolved  org  matter,  otherwise 
the  gaseous  phase  in  the  egg  (in  the 


presence  of  air)  may  develop  into  an  expl  mixt 
and  in  case  of  spark  or  overheating,  result 
in  expln  (see  also  Air  Lifts) 

Refs:  l)Perry(1950),  1439  2)RiegeI,Chem 

Mach(  1953),  172 

Acid  Elevator  with  ball  valves,  operated  by 
air  and  made  of  chemical  ware,  is  described 
by  Riegel,  ChemMach(1953),  171 
Acide  metaxonique(Fr).  Nitromethane 
Acide  oxyplcrique  (Fr).  Trinitro resorcinol 
Acide  phenique  (Fr).  Phenol 
Acide  de  Sprengel  (Fr).  Sprengel  Explosive 
Acide  styphnique  (Fr).  Trinitro  resorcinol 
Acid,  Hydrazoic.  See  Hydrazoic  Acid,  under 
Azides,  Inorganic 

Acid,  Hydrochloric.  See  Hydrochloric  Acid 
Acidity  in  Acid*.  If  the  acid  used  in  manuf 
of  expls,  propellants  etc  is  white  nitric, 
its  acidity  is  detd  by  dissolving  (without 
loss  of  fumes)  a weighed  sample  in  w and 
titrating  the  resulting  soln  with  std  NaOH 
soln  in  presence  of  an  indicator  such  as 
methyl  red 


% Acidity  = 


RxNx63.0l6 

W x 10 


where  R ^.burette  reading,  63.0 16=  equivalent 
of  nitric  acid,W*wt  of  sample  (For  abbrevia- 
tions used  ia  this  sectn,  see  below) 

If  no  other  acid  is  present  the  above  value 
is  equal  to  TNN  and  also  to  ANN.  Water 
content  of  such  acid  is  equal  to  100.00-TAN 
If  nitric  acid  i s yellow  or  red  it  means 
that  some  NOa  is  present  in  addn  to  HNOa  ■ 

On  dilution  of  such  acid  with  w,  the  following 
reaction  takes  place:  2NOa  + HaO  - HNOa  + HN03. 
The  resulting  nitrous  and  nitric  acids  will 
be  included  in  the  value  of  total  acidity  of 
the  acid: 

_AKT  R x N x 63-016 
TAN  «* 

W x 10 


The  next  step  is  to  det  NOa  content, 
which  is  usually  done  by  drowning  a sample 


under  w( without  loss  of  fumes)  and  titrat- 
ing the  resulting  soin  with  std  KMnO,  soin: 
5NO,  + KMn04  + H,0  - KNO,  +Mn(NOJ)1  +2HNO, 


%NOj 


K X N + 46.008 
W x 10 


where  46.008  is  equiv  of  N02 

As  NOa  forms  equal  amts  of  HNOa  and 
HNOj,  only  half  of  it  goes  for  the  formation 
of  HNOj  and  the  other  halfmusr  be  deducted 

T A XT 
nvpiu  x rut* 

ANN  - TAN  -^(%NOa)  x 63:011  , 

46.008 


where  63.016  is  equiv  of  HNOs  and  46.008 

A/tiit  m a f MO 
'-'I'**  V w*  *--3 

For  detn  of  acidity  in  colorless,  non- 
fuming sulfuric  acid,  an  aq  soin  of  a weighed 
sample  is  titrated  with  std  NaOH  in  the 
presence  of  an  indicator,  such  as  methyl 
red 

RxNx  49.041 

% Acidity  “ “ TAS, 

W x 10 


where  49.041  is  equiv  of  sulfuric  acid  (%  of 
mw) 

If  no  other  acid  is  present  the  above 
value  is  equai  to  TSS  and  also  to  ASS.  The 
w content  is  equal  to  100.00-TAS 

In  case  of  fuming  sulfuric  acid  (oleum) 
not  contg  any  other  acids,  total  acidity  is 
higher  than  100%  and  w content  will  be  ex- 
pressed as  a negative  value,  such  as  -5.50%. 
It  is  customary  with  such  acids  to  express 
their  acidity  in  terms  of  S0s  as, 

R x N x 40.Q33 
W x 10 

As  oleums  used  in  manuf  of  expls 
freeze  at  moderate  winter  temps,  they 
usually  contain  4-6%  nitric  acid  which  acts 
as  an  antifreeze.  Outline  of  analysis  of 
such  oleums  will  be  given  after  brief  de- 
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sulfuric  acid 

In  making  MA’s  from  commercial  oleums 
and  anhyd  nitric  acids,  nitrogen  dioxide 
present  in  nitric  acids,  reacts  with  sul- 
furic acid  forming  nitrosyl sulfuric  acid 


(nitroso),  as  follows:  2NOj  +HaS04“ 

HNOS04  +HNOj.  The  nitric  acid  in  MA  is 
therefore  equivalent  to  the  AN  in  the  orig- 
inal NA,  pius  the  HNO,  equiv  of  /i  of  the  NOs. 
The  sum  of  these  quantities  is  termed  in  the 
Hercules  ( ^ 1 (Ava!  1#ikl  a MKIH  9* 

v ^/9  3 

(see  Note  b,  below).  Nitroso  reacts  with 
H,0  forming  nitrous  and  sulfuric  acids: 
HNOSO,  + HjO  - HNOj  + H2S04  and  these 
acids  will  be  included  in  TA  detn  by  titra- 
tion with  std  NaOH  soin: 

TAS  - R x N * ^9.041 
W x 10 

This  value  includes  all  of  the  free  HNOs, 
free  HaS04  and  the  nitric  and  sulfuric  acid 
equivalents  of  nitroso 

Suifuric  acid  content  can  be  deed  by  titrat- 
ing an  aq  soin  of  MA  (after  removal  of  NA 

ky  aynp  g OOmp  I A j lj  Aft  A p Aft  gk  lift  hj 

the  disappearance  of  nitrogen  oxides  odor, 
and  adding  a few  drops  of  H,0  to  break  up 
nitroso)  with  std  NaOH  soin: 


TSS  • 
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W x 10 


where  49.041  is  sulfuric  acid  equiv 
This  value  includes  all  of  the  free 
HjS04,  plus  the  sulfuric  acid  equiv  of  nitroso 

Nitric  acid  is  usually  detd  by  difference 
y 63.016 

49.041 


It  can  also  be  detd  by  the  ferrous  sulfate 
method  (which  gives  ANN).  This  method 


eliminates  detn  of  sulfuric  acid  by  evapn, 
because  it  can  dstd  by  diffsrsnes  Icno 
total  acidity  and  nitric  acid  content 

Nitroso  can  be  detd  by  titrating  a sample 
of  MA  drowned  in  w (without  loss  of  fumes) 
with  std  KMn04  soin  until  the  appearance 
of  permanent  pink  coloration:  5HNOS04+  2KMn04 
+ 2HaO  ->  K2S04  + 2MnS04  + 5HNOj  + 2H2S04 


%N*  so  - ■ 


W x 10 


where  63-54  is  nitroso  equiv 

Sulfuric  acid  equiv  of  nitroso  is  equal 
os  ns? 

to  (%N-so)  x = (%N-so)  x 0.7718  and 


127.082 


nitric  acid  equiv  of  nitre  so 

(%N-so)  - (jsN-so)  x 0.4959 

127.082 

Following  is  an  example  of  analysis  of 
MA,  taken  from  lab  files  of  Keystone  OW, 
Meadville,  Penna: 

TAS(by  titration  with  NaOH)  87.3% 

TSs  (by  titration  of  the  residue 
after  avapg  HNOj  from  a 
sample  of  MA)  42  11% 

N-so(by  titration  with  KMn04)  0.31% 

TNS  = TAS  - TSS  - 87.31  - 42. 11  - 45-20% 

TNN  - TNSx  - 45.  20  x^Mil  - 58.08% 

^H2S04  49.041 

h2so4 

ASS=  TSS-(%N-so)  x nNQ§67=  42  1l“C°-31  x 
0.7718)“  41.87% 

hno3 

ANN=  TNN -( %N- so)  x — — - - 58.08-(0,31  x 
riNUotL 

0.4959  * 57.93% 

To  report:  H2S04  41.87,  HN03  57.93,  N-so 
0.  31  and  H20(by  diff)*0.11%.  The  sum  of 
actual  sulfuric,  actual  nitric  and  nitroso  is 
called  total  actual  acidity  (TAA) 

Notes:  a)If  solids  or  mud  are  present,  they 

have  to  be  also  reported  b)If  HQ  is  pres- 
ent (can  be  detd  by  Mohr  or  Volhard  method), 
the  Hercules  Manual  (Ref  2)  gives:  *' avail- 
able HN03”  » TAN  -(0.6848  3 x NO,)  + 
(1.72812  x HCl)  and  actual  HHO,  - TAN 
-<1-36967  x NO,)  + (1.728  1 2 x HQ) 

Analysis  of  oleum  contg  nitric  acid  as  an 
antifreeze  is  essentially  the  same  as  that 
of  MA.  Following  is  an  example:  TAS  (detd 


by  titration  with  NaOH)  105.92% 

ANN(by  a ferrous  sulfate  method) 

(see  Note  below)  5-10% 

N-so(by  titration  with  KMn04)  0.30% 

Nitric  acid  equiv  of  nitroso 
- 0.30  x0.4959  “ 0.15% 

TNN- ANN +0.15-5. 10+0.  15“  5.25% 

TNS-4.  25x  49.041  4.08% 

63.016 

TSS=TAS-TNS- 10  5.92-4.08-  101.84% 

Sulfuric  acid  equiv  of  nitroso  - 

0.30  x 0.7718  0.22% 


ASS  = TSS  -0. 22  = 10 1.84  -0. 22  - 10 1.62% 

H,0  - 100.00  -(101.62  + 5. 10 +0.30)= -7.08% 

To  report:  TAS  105-92,  H,S04  101.84,HNO3 
5.25  and  N-so  0.30% 

Note:  Nitric  acid  in  oleum  can  also  be  detd 
by  nitrometer  method,  which  gives  TNN 
Abbreviations:  AN  — actual  nitric  (unbound 
acid  which  actually  participitates  in  nitra- 
tion), ANN— actual  nitric  as  nitric,  ANS-  ac- 
tual nitric  as  sulfuric, N-so—  nicroso(nitrosyl- 
sulfuric  acid,  HN0SO4),  AS— actual  sulfuric, 

ASN— actual  sulfuric  as  nitric,  ASS— actual 
sulfuric  as  sulfuric.MA—  mixed  acid.N— normal- 
ity  of  std  soln,NA— nitric  acid,  N-so— nitroso, 
R-burette  reading, SA-sulfuric  acid,TA- 
total  acidity, TAA— total  actual  acidity  (the 
sum  of  actual  sulfuric,  actual  nitric  and 
actual  nitroso), TAN— total  acidity  as  nitric, 

TAS— total  acidity  as  sulfuric, TNN— total 
nitric  as  nitric, TNS— total  nitric  as  sulfuric, 
TSS-total  sulfuric  as  sulfuric, W- weight  of 
sample  (See  also  under  individual  acids 
and  their  mixtures) 

Refs:  1)G.D. Clift  & B. T. Fedoroff,  *'  A 

Manual  for  Explosives  Laboratories, ” Le- 
fax,  Inc,  Philadelphia,  Penna,  vol  1(1942), 
vol  3(1043)  2)Hercules  Powder  Co.  "Lab- 
oratory Manual,”  Wilmington,  Del  (1946) 

Acidity  of  Aromatic  Nitrocompounds  is  dis- 
cussed in  text- books  on  org  chem  and  in 
the  following  papers:  ])R. Schaal,  CR  239, 

1036-7(19  5 4 & CA  49,  36  24(19  5 5)  2)H.Brock- 

mann  & E.Meyer,  ChemBer  87,8 1~6(  1954)  & 

CA  49,6153(1955) 

Acidity  in  Explosives.  The  presence  of 
acid  in  explos  is  usually  due  either  to  mech 
entrainment  of  some  of  the  nitrating  acid 
resulting  from  defects  in  the  manufg  process, 
such  as  insufficient  boiling  or  washing  etc, 
or  to  spontaneous  decompn  of  the  expl  due 
to  heat  or  aging.  In  some  cases  the  presence 
of  moisture  may  cause  hydrolysis  and  the 
formation  of  acidic  products 

The  org  nitrates,  such  as  NG  or  NC,  are 
the  types  most  sensitive  to  acids  and  most 
likely  to  decomp  on  aging  or  storage  at 
elevated  temps.  The  presence  of  very 
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slight  traces  of  acids  in  these  compds  will 
hasten  decompn  of  the  expl,  resulting  in  the 
evoln  of  various  oxides  of  nitrogen,  and  in  the 
presence  of  moist,  in  the  formn  of  nitric  and 
nitrous  acids.  Once  the  decompn  is  started 
it  becomes  auto  catalytic.  The  decompn  re- 
actions are  also  exothermic  so  chat  in  badly 
deteriorated  compositions  enough  heat  may 
develop  to  cause  them  to  ignite 

The  mechanically  entrapped  acids  may  be 
sulfuric,  nitric,  acetic  , or  any  other  acid 
used  in  the  manufg  process.  These  acids 
will  also  initiate  the  decompn  of  org  nitrates 
as  described  above 

The  nitroaromatic  compds,  such  as  TNT, 
are  usually  quite  stable  in  the  presence  of 
traces  of  acids  but  not  when  in  contact  with 
metals.  The  danger  from  occluded  acids  in 
the  case  of  the  nitrocompds  arises  from  the 
reaction  of  the  acid  with  the  metal  container 
in  which  the  expl  is  usually  confined.  The 
metal  salts  produced  by  the  action  of  the 
acids  on  the  metal  are  capable  of  reacting 
with  the  nitrocompds  to  form  highly  sensitive 
metallo-org  compds,  the  presence  of  which 
greatly  increases  the  hazards  involved  in 
handling  and  use.  Some  expls,  such  as  PA, 
are  normally  acidic  because  of  their  chem 
structure,  even  when  pure.  In  the  presence 
of  some  metals,  highly  expl  salts(such  as 
pi  crates)  may  form 

Not  all  expls  and  prop  ell  ants  that  are 
acidic  show  low  stability  when  subjected 
to  theordinary  heat  tests.  However,  such 
acidic  compds  usually  ignite  more  readily 
than  neutral  substs.  In  the  case  of  acidic 
propellants  some  irregularity  in  burning 
may  be  observed.  In  many  cases  such  pro- 
pellants bum  completely  and  exhibit  ab- 
normalities in  chamber  press  and  range 
in  firing  tests 

The  effect  of  various  acids  on  the  stabil- 
ity of  NC  was  examined  by  C.Krauz  & A. 
Majrich,  ChemO b 250 r 7/209*  16{  1932)  & CA 
27,2812(1933).  They  found  that  mineral  acids 
lower  the  stability  of  NC  as  also  do  some  org 
acids  such  as  aliphatic  carboxylic  acids 
and  some  of  their  derivatives.  Aliphatic 


di carboxylic  acids  have  only  a slight  in- 
fluence on  stability  but  hydroxy-di carboxylic 
acids  act  also  to  some  extent  as  stabilizers 
(See  also  Alkalinity  in  Explosives,  Antacids 
and  Stabilizers  ) 

Acidity  In  Explosives  Test  is  one  of  the  std 
tests  for  the  detn  of  purity  of  expls  and  pro- 
pellants. A rapid  qualitative  method  consists 
of  touching  a sample  with  a strip  of  moistened 
indicator  paper,  such  as  blue  litmus  paper. 

For  quantitative  detn  of  acidity  two  methods 
can  be  used:  a)  If  the  sample  melts  below 
100° (such  as  TNT,  DNT,  etc)  shake  it  with 
boiling  neutral  w,  cool,  filter  the  extract 
and  titrate  it  with  std  alkali  (such  as  0.05N 
NaOH)  in  presence  of  an  indicator  or  det  the 
pH  of  die  extract  b) If  the  sample  melts 
above  100°  ( such  as  RDX)  or  does  not  melt 
at  all  (such  as  NC),  dissolve  it  in  neutral 
acet,  add  neutral  w to  reppt  the  sample, 
filter  the  slurry  and  det  the  acidity  of  filtrate 
either  by  titration  with  std  alkali  or  by  the 
pH  method 

More  detailed  descriptions  are  given  under 
individual  expls  and  propellants  (See  also 
Alkalinity  in  Explosives  Test  and  also 
Angeli  & Erani  Test)  • 

Acidity  of  Mixed  Nitric- Sulfuric  Adds, 
briefly  described  under  Acidity  in  Acids, 
can  also  be  detd  by  conductometric  titration 
as  described  by  K.K. Savich, ZavodLab  8, 

10  59(1939) 

Acidity  of  Nitrating  Bath,  detn  by  the  use 
of  nomograph  is  described  by  Y.Lacroix,  MP 
37, 521(  1955) 

Acidity  of  Weak  Acids,  detn  by  polaro graphic 
method  is  described  by  I.  A. Korshunov  et  al, 

Zh AnalKhim,  6,96(1951) 

Acid  Magenta.  A mixt  of  di  sulfonic  and  tri- 
sulfonic  acids  of  pararos aniline,  used  as 
a dye  or  stain.  Was  proposed  for  coating 
crystsof  AN  to  render  them  non-hygroscopic 
and  thus  make  them  more  suitable  for  use  in 
expls,  propellants  and  fertilizers.  Quantities 
as  low  as  0.01-0.03%  proved  to  be  sufficient 
for  effective  waterproofing 
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Refs:  l)Hackh(I944),358(under  Fuchsin) 

2)  J.  Whetstone,  IEC  44  , 2663- 7(1 95 2) (15 
refs) 

Acid,  Mixed.  See  Mixed  Acid 
Acid,  Nitric.  See  Nitric  Acid 
Acid,  Nitrous.  See  Nitrous  Acid 
Acid  Number  or  Acid  Value  is  the  number 
of  milligrams  of  KOH  required  to  neutralize 
the  acidic  constituents  of  one  gram  of  ma- 
terial 

Ref:  O ark  & Hawiey(  1957),  10 
Acido  (leal)*,  Acido(Span).  Acid 
Acidopentamminecobalt  (III)  Salts.  Prepn 
and  some  props  of  several  salts  are  given 

in  OrgSynt  CollVol  4(  195  3)>  171-6 
Acid,  Oxolic.  See  Oxalic  Acid 
Acid,  Picric.  See  2,4,6-Trinitrophenol, 
under  Phenol 

Acid  Pumps.  Various  centrifugal  pumps  as 
well  as  some  piston  pumps  are  described 
in  Riegel  Chemhfach(  1953),  138-171 
Acid  Pump.  A special  type  of  pump  operated 
by  air  pressure  and  manufd  by  the  Tung- 
stone  Products  Ltd,  Market  Harborough, 
England,  is  described  in  Riegel,  ChemMach 

(1953),  173-5 

Acid  Removal  in  the  Manufacture  of  Ex- 
plosives is  discussed  under  individual 
expls 

Acid-Resistant  Materials.  As  acid  plants 
are  usually  attached  to  plants  manufg 
expls,  it  is  important  to  have  some  knowl- 
edge of  acid-resistant  materials,  such  as 
metals,  bricks,  plastics,  gaskets,  paints, 
cements  and  putties,  etc.Basic  info  on 
this  subject  may  be  found  in  the  refs 
Listed  below.  A common  type  of  acid-proof 
putty  is  one  consisting  of  powd  red  iron 
oxide  and  asbestos  fiber  in  a petroleum 
grease.  During  WW  II,  this  type  of  putty 
was  used  at  many  US  Ord  Plants,  includ- 
ing Wabash  Ordnance  Works 

An  asbestos  putty  may  be  prepd  by  mix- 
ing 50  parts  asbestos  fiber,  2 ps  white 
lead,  1 p Ba  sulfate  in  a heavy  oil  or 
grease.  An  asbestos  cement  may  be  prepd 


by  thoroughly  mixing,  just  before  use,  a 
powd  asbestos(free  from  cellulose  filling) 
with  a coml  Na  silicate  soln( water  glass). 

This  cement  may  be  applied  on  cracks  but 
not  on  joints  because  it  becomes  as  hard 
as  stone  on  standing.  A litharge  putty  may 
be  prepd  by  mixing  73  ps  of  litharge,  8 ps 
of  flock  asbestos  and  19  ps  linseed  oil.  The 
mixt  sets  in  about  7 days  and  resists  acids 
up  to  about  50%  strength.  The  so-called 
“German  putty"  consists  of  70  ps  quartz 
flour,  8.5  ps  fluosiiicate,  1.5  ps  clay  in 
20  ps  of  water  glass  (Na.,0  20,  SiOa  60  and 
HjO  20%) 

A plastic  rubber  cement  which  resists 
most  acids  may  be  prepd  by  dissolving,  with 
gentle  heating  and  stirring,  1 p of  rubber 
(reclaimed)  or  caoutchouc  in  2 ps  linseed 
oil  and  then  adding  1 p of  clay 

Following  are  examples  of  acid-resistant 
materials  available  in  commerce  and  suitable 
for  expls  plants: 

a)DuPont  Rubber  Putty,  manufd  at  DuPont’s 
Repauno  and  Carney’s  Point  plants  b)Pecora 
Cement,  manufd  by  Semmet-Solvay  Co.  This 
has  a silicate  base  c)Charlab  Chemical 
Putty,  manufd  by  Charlotte  Chemical  Lab, 

Inc,  Charlotte,  NC.  This  stays  plastic  and 
may  be  applied  at  joints 

Many  plastic  materials  are  acid  resistant, 
among  them  is  “Teflon"  (polytetrafluoro ethyl- 
ene). This  material  resists  acids  but  does 
not  withstand  high  temps.  “Silastic"  re- 
sists nitric  acid  well.  Polyethylene  plastic 
and  chlorinated  polyethylene  are  also  good 
acid  resistors 

For  the  prepn  of  acid-resistant  cloth  some 
vinyl  chloride  is  dissolved  in  methyl-ethyl 
ketone  and  10  to  15%  of  cricresyl  phosphate 
is  added  to  this.  The  fabric  is  then  impreg- 
nated with  this  soln  and  the  solvent  is  evapd 
Refs:  l)H.Bennetc,  ed,  “The  Chemical 

Formulary,"  Chem  Pub  Co,  Brooklyn,  4,28 
(1939)  & v 6,  p 29(1943)  2)G.D.Hiscox  & 
T.O’Connor  Sloane,  “Fortunes  in  Formulas," 
Book  s,Inc,NY(  1947)  3)P  1950),  45  3 

(Acid  resi  sting  cements),  pp  146 1- 1526(  Acid 
resisting  construction  materials);  pp  1526- 
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34(Acid  resistant  metals  and  alloys);  pp 
1 534* 36{ Acid  resistant  carbon,  graphite, 
cement,  mortar,  putty,  ceramics  and  plastics) 

4) Kirk  &Othmer  8(1952),  824(Materials  of  Con- 
structionXSee  also  Ceramics  in  3,  pp  575" 

585;  Coatings  in  4,  pp  145-89;  Corrosion  in 
4,pp  487-529;  Metallic  Coatings  in  8,pp  898* 
922  and  Packing  Materials  in  9,  pp  762-770) 

5) C.P.Bacha,  J.S.Schwalje  St  A.  J.DelMastro, 
"Elements  of  Engineering  Materials,  ” Harper, 
NY(1957)  6)AnnuaI  Reviews  of  Materials  of 
Construction  appear  in  Chemical  & Engineering 
News  and  Industrial  & Engineering  Chemistry 
7)Chemical  Abstracts,  Decennial  Indexes, 
under  Acid-Resistant  Materials  and  Sealing 
Compositions  8)M.H.Sandler,  "Second  Report 
on  the  Development  of  a Fuming  Nitric  Acid 
Resistant  Paint,"  AberdeenPG,  Md,  Project 
No.  TB4-006D  & 593-32/006(1958) 

Acid,  Spent.  See  Spent  Acid 

Acid,  Styphnic.  See  Trinitroresorcinol,  under 

Resorcinol 

Acid  Sulfonitrtc.Same  as  Mixed  Nitric-Sul- 
furic Acid 

Acid,  Tartaric.  See  Tartaric  Acid 
Acid,  Tests.  See  under  individual  acids,  such 
as  acetic,  hydrochloric,  mixed,  nitric,  sulfuric, 
etc 

Adds  Used  in  Manufacture  and  Analyses  of 
Explosives.  Most  expls  (such  as  PA,  TNT, 
PETN,  NG,  etc)  are  prepd  by  treating  org 
compds  with  nitric  acid  in  the  presence  of 
sulfuric  acid  or  oleum,  which  binds  the  H,0 
formed  during  the  nitration  reaction.  Thus, 
the  prepn  of  NG  may  be  written  as  follows: 

C,H,  (OH),  +3HNOs  + xHaS04-*  C,Hs(ONOa)a 
+xHaS04 . 3H,0 

In  the  prepQ  of  RDX,  nitric  acid,  glacial 
acetic  acid  and  acetic  anhydride  are  used. 

The  last  two  compds  serve  as  dehydrating 
agents.  Mixed  nitric- sulfuric  acids  are  also 
used  in  the  prepn  of  NC,  which  is  an  im- 
portant component  of  many  smokeless  pro- 
pellants and  an  occasional  ingredient  of 
some  dynamites.  Acids  are  also  used  to 
neutralize  the  residual  basicity  of  some  ex- 
pls due  to  die  use  of  alkalies  In  purification. 


For  instance,  some  HaS04  is  added  to  molten 
TNT  prior  to  flaking  to  neutralize  the  slight 
excess  of  NaaCOs  which  is  added  to  crude 
TNT  before  "selliting"  it.  Nitric  acid  is 
used  to  form  a number  of  expls  directly  by 
neutralizing  some  bases,  eg,  ammonia, 
methylamine,  hydrazine,  etc 
More  info  on  uses  of  acids  is  giveo  under 
individual  acids  and  explosives 
Acid,  Wasto.  See  Waste  Acid 
Acme  or  Llordet  Powder.  A blasting  expl 
patented  in  1893-4  by  Liardet  in  England 
and  France.  It  was  prepd  by  thoroughly  mix- 
ing lpart  wood  meal(or  pulverized  pine 
needles)  and  2 ps  P A dissolved  in  % ps  of 
tar  at  100°.  A preheated  mixt  of  K chlorate 
and  K nitrate  was  then  added  to  this.  Due 
to  the  presence  of  a chlorate,  the  powder 
was  very  sensitive  and  caused  two  dis- 
astrous expls,  one  in  Australia  in  1893  and 
another  in  Pittsburgh  in  1894 
Ref:  Daniel(1902),  5 & 406 
Aconltic  Acid  or  Propon«-l,2,3-tricarboxyl!c 
Acid,  (HOaQ  . CHj.  CfCOjHJtCHfCOjH)  raw 
174.11*  OB  to  CO,  -82.7%,  OB  to  CO  -27.6%, 
Wh  to  yel  cryst$,mp  ca  195°  with  decompn, 

Qj  ca  480  kcal/mol;  sol  in  w and  ale,  very 
si  vol  in  ether.  Can  be  prepd  by  heating 
citric  acid  with  2:l-HaS04:  HaO(Ref  2)  or  by 
other  methods  listed  in  Ref  1.  Forms  numer- 
ous salts.  Used  in  org  syntheses  and  in  the 
prepn  of  plastics  some  of  which  might  be 
used  in  ord  items 

Refs:  1) Beil  1849(327)  & [6931  2)Org- 

Synth,  Coll  Vol  2(1943),  12 
Acoustics.  A branch  of  science  which 
treats  of  the  phenomena  and  laws  of  sound 
waves  (including  their  production,  trans- 
mission and  effects),  and  other  vibrations 
in  elastic  bodies(See  also  Ultrasonics) 

Refs:  1)D.C. Miller,  "Soundwaves,  Their 

Shape  and  Speed,"  Macmillan,  NY(1937) 

2)H. F.Oison,  "Applied  Acoustics,"  Black- 
iston,  Phil adelphia(  1939)  3)A.Wood, 

"Acoustics,"  Interscience,  NY(1944)  4) 

H.F.Olson,  "Elements  of  Acoustical  En- 
gineering," Van  No  strand,  NY(1947)  5)L. 
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L.Baranek,  '‘Acoustic  Measurements,” 
Wiley,NY(  1949)  6)L. L.Baranek,  "Ac- 

oustics, ” McGraw-Hill,  NY(1954) 

Acoustic  Guidance  Systems  for  Missiles. 
During  WWII  the  Germans  utilized  the  sound 
produced  by  airplane  engines  as  a guid- 
ing medium.  The  original  acoustic  homing 
device  was  called  "Kranich”  and  the  later 
version  "Pudel.”  A brief  description  of 
these  devices  is  given  in  PATR  2510 
(1958),  pGer  83 

General  description  of  guidance  systems 
is  given  by  A.&Locke  et  al,  "Guidance,” 

Van  No  strand,  vol  1(1955)  of  series  edited 
by  G.Merrill  and  entitled  "Principles  of 
Guided  Missile  Design’  and  in  other  books 
listed  under ' ‘Guided  Missiles” 

Aequo  (Ital).  Water 

Acrawax.A  hard,  It  brn  synth  wax,  mp  95*7°; 
sol  in  hot  ale,  toluol,  butyl  acetate  or  tur- 
pentine, si  sol  in  mineral  oil  or  mineral  spirits, 
insol  in  w.  A brand  name  for  products,  in- 
cluding Acrawax  B and  Acrawax  C,  which 
are  modifd  fatty  acid  esters  mfd  by  the  Glyco 
Products  Company,  Brooklyn,  NY.  Waxes 
axe  used  to  desensitize  expl;  with  ca  10% 
incorporated  in  simple  mixt  or  less  is  used 
when  wax  is  applied  as  coating  - Its  uses 
in  Ordnance  are  given  in  some  classified 
reports 

Ref:  F.M. Turner,  "The  Condensed  Chem- 
ical Dictionary,”  4th  Ed,  Reinhold,  NY 
(1950),  12 

ACRIDINE  AND  DERIVATIVES 

Acridine  or  Dlbenzopyridine  (2. 3:5.6- Di- 

ben  z»-pyri din,  in  Ger), 

H 

6 

N 

mw  179.21,  OB  to  C07  -27  2.3%.  Rhb  crysts 
(from  aq  ale),  mp  110-1°,  bp  345-6°,  1577.8 

keal/mol;  sol  in  ale,  eth  & CS2;  si  sol  in  w. 
Was  first  obtained  in  1870  from  crude  an- 
thracene(Ref  2).  Can  be  prepd  by  dechlor- 
ination of  5- chloro acridine  with  hydrogen 


in  presence  of  Raney  nickel  or  by  other 
methods.  It  forms  nitrocompds,  salts  and 
addition  compds,  some  of  which  may  find 
use  in  the  expl  industry 
Refs:  l)Beil  20,459,(171)  & [3001  2)C. 

Graebe  & H.Caro,  Ber  3,746(1870)  3) A. 

Albert  & J.B. Willis, Nature  157,341(1946) 

4) A.  A. Morton,  "The  Chemistry  of  Hetero- 
cyclic Compounds”,  McGraw.Hill  NY(1946), 
326-33  5)Kirk  & Othmer,  1(  1947),  168-70 
6)A. Albert,  "The  Acridines,”  Longmans, 
Green,  Lon don(  1951)  7) A.  Albert,  "Ac- 
ridines,” in  "Hetero cyclic  Compounds,” 
edited  by  R.C. Elderfield,  Wiley,  NY(1952), 
491-563  8)R.M.  Acheson  & L.E.Orgel, 

"Acridines,”  in  "Chemistry  of  Heterocyclic 
Compounds,”  edited  by  A. Weissberger,  In- 
terscience, NY(1956) 

AzidoacrHine,  C,SHBN4— not  found  in  Beil 
or  in  CA  through  1956 

Diazidoacridine,  CUH7N7— not  found  in  Beil 
or  in  CA  through  1956 

Mononitroacridine,  CnHBN  NOJ(  mw  224.21, 
N12.  50%.  Its  2-  and  4-nitro  isomers  are 
listed  in  Beil  20,46  2-3,(172)  & [ 30 1- 2] 

Dini trooerldlne,  C^H^NO^,  mw  269.21, 

N 15.61%.  Its  2,4’  and  x, x-dinitro  are  listed 
in  Beil  20,  4 63  &(  172) 

Note:  Some  nitrated  acridines  were  first  prepd 
by  C.Graebe  & H.Caro,  Ann  158,275-7(1871), 
who  used  warm  nitric  acid  of  d ca  1.45  as  the 
nitrating  medium.  Formulas  reptd  by  G & C 
are  not  the  same  as  given  in  Beil, 
Trinitroacridine,  CuH^NfNOj),,  mw  314.21, 

N 17.83%~not  found  in  Beil  or  in  CA  through 
1956 

TetranitroacrldJne,  C„HS  N(NOj)4,  mw  359.21, 
N 19.50%— not  found  in  Beil  or  in  CA  through 
1956 

Note:  C.Graebe  & H.Caro,  Ann  158,277(1871) 
claimed  the  prepn  of  tetranitro acridine  by 
nitrating  acridine  with  mixed  nitric- sulfuric 
acid.  The  compd  was  in  the  form  of  reddish 
plates  having  N content  16.38%.  This  compd 
did  not  appear  to  be  tetranitroacridine.  No 
refs  to  its  expl  props  were  made 
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Acridine  Dichromate,  (C13H9N)2.  H2Cr20„ 
orange-yel  ndls;  was  prepd  in  1871  by 
treating  a salt  of  acridine  (such  as  nitrate) 
with  KjCTjOj.  Its  structure  was  detd  by 
Kahn(Ref  3) 

Refs:  1)  Beil  20,  461  2)C.Graebe  & 

H. Caro,  Ann  158,273(1871)  3)S.Kahn 
Ann  279, 274(footnote)(  1894) 

Acridine  Nitrate,  C13H9N.HN03,  mw  241  23, 

N 11.57%.  Yel  crysts,  mp-dec,  sol  in  w, 

QP  1553. 3 kcal/mol(Ref  3).  Was  first  prepd 
in  1871(Ref  2)  by  mixing  acridine  with  equim 
quantity  of  cold  HN03(dl.45).  Willis  (Ref  3) 
prepd  it  by  adding  acridine  to  normal  HN03 
free  of  HN02 

Refs:  1) Beil  20,46  1 2)C.Graebe  & H. 

Caro,  Ann  158,273(1871)  3)J-B.  Willis,  Tr 

FaradSoc  43,100(1947)  & CA  41,5008(  1947) 
Acridine  Perchlorate,  CI3H9N . HC10„  yel 
to  gm-yel  crysts,  mp  238^ dec).. Can  be 
prepd  by  treating  AcOH  soln  of  acridine 
with  perchloric  acid.  Its  expl  props  were 
not  reported 

Refs:  l)Beil  20,(171)  & [3001  2)K.A. 

Hofmann  et  al,  Ber  43, 1083C 19  10)  3)V. 

Cdrdier,  Monatsh  43,530(1922)  & CA  17, 
1763(1923) 

Acridine  Picrate,  C,3H,N.  C6H3N307,  yel 
prisms  (from  ale),  mp-dec  ca  208°;  very  sol 
in  w,  ale  or  benx.  Can  be  prepd  by  rapid 
crystn  from  hot  ale  soln  of  an  equim  mixt 
of  acridine  and  PA.  Tts  expl  props  were 
not  reported 

Refs:  l)Beil  20, 461  2)R.  Anschutz, 

Ber  17,438(1884) 

Acridine- 1 , 3, 5- Tri  nitrobenzene  Salt, 

C^H^N.  CjHjNj06,  amber  colored  ndls 
(from  ale),  mp  115°.  Was  prepd  by  crystg 
a mixt  of  acridine  and  1,3, 5*TNB  from  hot 
ale.  Its  expl  props  were  not  reported 
Refs:  l)BeiI  20,(171)  2)J. J. Sudboiough 

& S.H.  Beard,  JCS  97,796(  1910) 

ACRIDONE  AND  DERIVATIVES 

Acridone  or  9(10H)-Acridone,  called  in 
Beil  9-Oxo-9. 10-dIhydro- acridin. 


I 

H 


mw  195.  21,  N 7.17%,  OB  to  CO  -135.2%. 

Col  crysts,  mp  354°;  in  sol  in  w,  si  sol  in 
ale  or  eth.  It  was  first  prepd  in  1880(Ref  2) 
by  treating  acridine  with  chromic  acid,  but 
its  identity  was  not  established  until  1892 
(Ref  3).  Its  method  of  prepn  by  heating  on  a 
water  bath  N-phenylanthranilic  acid  with 
coned  HaS04  is  given  in  Ref  4.  Can  be  ni- 
trated to  form  nitrocompds 
Refs:  l)Beil  21,335,(312)  & [280]  2)C. 

Graebe  & H.Caro,  Ber  13,103(1880)  3)C. 

Graebe  & K.L agodzinski,  Ber  25,1733(1892) 

& Ann  276, 45{  1893)  4)OrgSynth,CollVol 
2(1943),  15  5) A. A. Morton,  "The  Chemistry 

of  Heterocyclic  Compounds,”  McGraw-Hill 
NY(  1946), 333  6)Kirk  & Othmer  1,(1947), 

169  7)K.M.  Acheson  & L.  E.Orgel,  "Acrid- 

ones,”  pp  105“  198  in  "Chemistry  of  Hetero- 
cyclic Compounds,”  edited  by  A. Weissberger, 
Interscience,  NY(1956) 

Azidoacridone,  C)3H,N40-not  found  in  Beil 
or  in  CA  through  1956 
Oiazidoacridone,  CI3H7N70—not  found  in 
Beil  or  in  CA  through  1956 

Mononitro  acridone,  C^HjiNjOj,  mw  240.21, 

N 11.66%.  Four  isomers  are  listed  in  Beil 

21,337-8,(313)  & [28  2] 

Oinitro acridone,  C13H7N305  , mw  28  5.21, 

N 14.73%*  The  following  isomers  are  listed 
in  the  literature. 

2,4'Dinitroacridone,  orange-yel  leaflets,  mp 
> 360° 

Refs:  l)Beil  21,338  2)F.Ullmann  et  al, 

Ber  40,4798(  1907) 

2,7- Oinitro  acridone,  crysts,  mp  360° 

Refs:  1) B eil  — not  found  2) A.  A. Goldberg, 

BritP  60  2,331(1948)  & CA  42,8827(1948) 

4,  yDinitro  acridone,  orange  crysts,  mp  257-8° 
Refs:  l)Beil— not  found  2)E.  R. Klein  & 

F.N.Lahey,  JCS  1947,1418  & CA  42,1277 
(1948) 
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Trinitroacridone,  C13U6iSl407,  mw  330.21  N 
16.97%,  OB  to  CO,  -106.6%,  OB  to  CO 
-43-6%.  The  following  isomer  is  listed  in 
the  literature 

2, 4, 7-  T rinitro-  9(  WH  )-(icridone, 


Yel  ndls,  mp  277°.  It  was  isolated  from  the 
products  of  nitration  of  9" aminoacridine 
Refs:  l)Beil-not  found  2)A. Hampton  & 

D.Wagrath,  JCS  1949,  1008-9  & CA  44,  633 
(1950) 

Tetranitroacridone,  C,jHs  Ns  09 , mw  375-21, 
N 18-67%,  OB  to  C02  -83-2%,  OB  to  CO 
~27.7%.  The  following  isomer  is  described 
in  the  literature: 

2,4,5,7-Tetranitro-9(10H)-acridone, 

0 

II 


Yel  crysts,  mp  > 350°  with  sublimation  (Ref 
2),  337°  (Ref  3);  diff  sol  in  org  solvents. 

Can  be  prepd  by  heating  thioacridone  with 
fuming  nitric  acid  in  a sealed  tube  at  240° 
or  by  other  methods.  Its  expl  props  were 
not  investigated 

Refs:  l)Beil  21,  338  2)A.Edinger  & W. 

Arnold,  JPraktChem  64  , 4 8 8(1901)  3)C.W. 
Pohlmann,  Rec  55,  747(1936)  & CA  30,  7111 
(1936) 

Acrolein  or  Acrylic  Aldehyde  (Propenal.  All y 1 
Aldehyde  or  I'.thylenr  Aldehyde),  CH*:  CH  •- 
CHO,  mw  56.06,  OB  to  C02-199.8%,  OB  to 
CO  -114.2%.  Col  liq,  mp  -87.7°,  bp  52.5°, 
d 0.8389  at  20°/4°,  Q*  391-5  kcal/mol 


(Ref  3),  Very  sol  in  w,  sol  in  ale  or  eth. 

Can  be  prepd  by  heating  glycerin  with  de- 
hydrating agents  such  as  KHS04.  It  is 
dangerous  when  exposed  to  heat  or  flame 

(Ref  5) 

Thi s poisonous,  lachrymatory  and  highly 
obnoxious- smelling  substance  is  usually  given 
off  as  a vapor  during  blasting  operations  in 
the  "blow-out  shots"  (qv)(Ref  2)  and  has 
also  been  isolated  from  spent  acids  from  the 
manuf  of  NG  and  P ETN 

Refs:  l)Beil  1,725(377)  & [782]  2)Marsh- 

all  2(1917),  759  3)C.Moureau,  JChimPhys 
18,333(1920)  4)Kirk  & Othmer  1(1947), 

173-5  5)Sax(  1957),  243-4 

ACRYLAMIDE  AND  DERIVATIVES 
Acrylamide (Propenamid  or  Acryl  s'aure  amid 
in  Ger),CHj : CH . CO.  NH,;  ndls,  mp  84-5°, 
dec  < 125°.  Can  be  prepd  by  saturating  a 
cooled  benz  soln  of  acrylic  chloride  with 
dry  NH3(Refs  2 & 3) 

Refs ; 1) Beil  2,400,(186)  & [388  ] 2)C 

Moureau,  BullFr[3l  9,417(1893)  & JCS 
64l,  695(1893)  3)J-van  der  Burg,  Rec 
41,23(1922) 

Azidoacrylamide,  N3 . CH  : CH  . CO  . NH2— not 
found  in  Beil  or  in  CA  through  1956 
3-Nitroacrylamide,  02N  . CH  : CH  . CO . NH2, 
mw  116.08,  N24. 14%;  yel  crysts,  mp  165° 
(dec).  Was  prepd  by  heating  a mixt  of  3' 
nitroacrylonitrile  and  85%  sulfuric  acid  at 
50-55°  for  7 hrs,  and  then  pouring  the  mixt 
on  ice 

Refs:  1) Beil— not  found  2)H.  Shechter, 

JACS  74,50  56(1952)  & CA  48,9912(1954) 
3-NitToacrylnitramide,  02N  . CH  : CH  . CO  7 
NH(NOj)— not  found  in  Beil  or  in  CA  through 
1956 

Acrylate.  A salt  of  acrylic  acid(qv).  Acryl- 
ates, such  as  a-m  ethyl  acryl  ate,  ethyl  acryl  ate, 
etc,  are  described  under  the  letters  M,  E, 
etc 

ACRYLIC  ACID  AND  DERIVATIVES 
Acrylic  Acid  or  Ethylenecarboxylic  Acid 
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( Acroleic  or  Propenoic  Acid),  CH,:CH.COOH, 
mw  72.06,  OB  to  CO,  -133.2%,  OB  to  CO 
-66.6%.  Col  liq,  d 1.062  at  167 4°,  mp  12.3* 
13°,  bp  141.2°.  Miscible  with  w and  ale.  A 
detailed  method  for  its  lab  prepn  is  given 
by  Kaszuba,  who  used  acrylonitrile(qv), 
hydro quinone,  powdered  Cu  and  H,S04(Ref  2). 
The  directions  given  by  K should  be  followed 
closely,  keeping  the  ingredients  well  chilled, 
otherwise  a vigorous  exothermic  reaction 
(or  even  an  expln)  may  occur(Ref  4),  Other 
methods  of  prepn  are  given  in  Ref  3>  Toxic- 
ity, fire  and  expln  hazards  are  discussed  in 
Ref  6 

Note:  Some  acrylate  polymers  Have  been 
used  in  Ordnance  items 
Refs : l)Beil  2,397,(186)  & [383]  2)F.J. 

Kaszuba,  J ACS  67, 1227(  1945)  & CA  39, 
4051(19  45)  3)Kirk  & Othmer  1(1947),  176- 

80  4)F. J. Kaszuba,  C&EN30,824(  1952)  & 

C A 46,5319(1952)  5)OrgSynth£ollVol  3 
(19  5 5),  30  & 33  6)Sax(  1957),  244 

Acrylic  Acid-Trintfrophenylestei,  such  as 
CmH,N308,  polymerized  by  heating  to  ca 
100°  with  dibenzoyl  peroxide,  yields  an  exp 
or  readily  combustible  plastic 
Ref:  H.A. Bruson  & G. B. Butler,  USP  2,407, 
131(1946)  & CA  41,288(1947) 

Azidoocrylie  Acid,  N, . CH:  CH.  COOH-not 
found  in  Beil  or  in  CA  through  1956 
Acryloylazide,  CH2 : CH . CO  . N3,  mw  97.08, 

N 43.29%;  wh  unstable  ndls  of  lachrymatory 
smell,  mp  32  to  35°  Can  be  prepd  by  adding 
with  intensive  stirring  acryloyl  chloride  in 
paraffin  oil  to  ice- cooled  suspension  of 
NaNs  in  paraffin  oil;  stirring  is  continued 
until  chloride  is  completely  consumed  (ca 
24  hours),  and  the  filtered  soln  fractionated 
in  vacuo  (8-9  mm)  to  give  crude  product, 
which  on  redistn  yields  pure  compd.  Its 
expl  props  were  not  investigated 
Refs:  l)Beil-not  found  2)T.Lieser,  GerP 

860,636(  195 2)  & C A 48, 10060(  1954) 

3'Nltro acrylic  Add,  0,N.CH:CH.COOH, 
mw  117.06,  N 11.97%;  yel  crysts,  mp  136°. 

Was  obtained  by  dehydrochlorination  of 


2-  chloro- 3- nitro propionic  acid  (mp  78*80°) 
and  also  by  hydrolysis  and  deamination  of 

3- nitro  acrylonitrile 

Refs:  1) Beil— not  found  2)H.Stecher 

et  al,  JACS  74,  3055-6(1952)  & CA  48,99  12 
(1954) 

Acrylic  Esters,  Monomeric  are  discussed  by 
E.H. Riddle,  “Monomeric  Acrylic  Esters," 

221  pp,  Reinhold,  NY(1954)  (See  also  Methyl- 
acrylate and  Ethyl  acrylate) 

Acrylic  Resins  and  Plastics  are  discussed 
in  Kirk  & Othmer  1(1947),  180-4  and  in  books 
on  Plastics 

ACRYLONITRILE  AND  DERIVATIVES 
Acrylonitrile  (Propenenitrile  or  Vinyl  Cyan- 
ide), CH2 : CH . CN , m w 53.06,  N 26.40%,  OB 
to  CO,  -226.2%  OB  to  CO  -135.7%.  Col 
liq,  d 0.8004  at  25°,  ftp  -82  to  84°bp  78° 

(Ref  2),  77. 3^ Ref  4)*,nD  1.3884  at  25°,  Q* 
420.5  keal/mol,  fl  and  fire  point  0°  ± 2.5° 
(32°F)(open  cup),  vap  press  100  mm  at  22°, 
sp  heat  0.  50  ±0.03  cal/g,  vap  d l.B3(air  - 
1.0),  ignition  temp  481°  in  air  and  460°in 
oxygen  (Ref  3);  latent  heat  of  evapn  7800 
cal/gmol  at  0-80°(calcd)(Ref  4).  Soly  in 
w 7.4%  at  25° (Ref  4);  soly  in  some  common 
org  solvent  is  given  in  Ref  3;  expln  range  in 
air  3.05  to  17.0%  by  vol  at  25° (Ref  4);  re- 
acts vigorously  with  oxidizing  materials. 

Was  first  obtained  by  Moureau  (Ref  2).  Current 
methods  of  prepn  include  dehydration  of 
^3-hydro xypropionitrile  or  pyrolysis  of  cyano- 
ethylacetate(Ref  5).  It  is  somewhat  poison- 
ous and  sustained  exposure  to  its  vapors 
should  be  avoided  (Refs  4,5,7  & 8).  It  is 
manufd  on  a large  scale  for  use  in  making 
oil-resistant  artificial  rubber  of  GR-N  type, 
as  well  as  plastics,  etc  (Refs  3,4,5  & 7). 
Absorption  spectra  and  some  other  physical 
props  are  given  in  Ref  4 
Refs:  1) Beil  2,400,(186)  &[  388]  2) 

C.Moureau,  BullFr  [3]  9,424(1893)  & JCS 
64  I,  682(1893)  3)W.J.Huff,  USBurMines 
Rept  Invest  3669(  1942)  & CA  37, 1871(  1943) 
4)H.S.  Davis  & O.  F.  Wi  edem  an,  I EC  37, 
483*5(1945)  5)Kirk  & Othmer  1(1947) 


184-9  6)CyanamidJ  s Nitrogen  Chemicals 
Digest,  ‘’The  Chemistry  of  Acetonitrile,” 
American  Cyan  amid  Co  NY(  195  l)(pamphlet; 
580  refs)  7)CondChemDict(  1956),  19  8) 

Sax(  1957),  244-5 

Azidoacrylonitrile , N,.CH:CH. CN— not  found 
in  Beil  or  in  CA  through  1956 
3-Nltroacryl  onifrii  e, ' 02N.  CH: CH.  CN,  m w 
98.06,  N 28.57%;  yel  oil,  powerful  vesicant 
and  lachrymator,  d 1.268  at  20/4°,  bp  53-4° 
at  3-  3*3.  4nim,  np  1.4929  at  20 Was  prepd 
by  adding  dropwise  2-chIoro-3-nitropropion- 
itrile  to  a stirred  suspension  of  anhyd  Na 
acetate  in  absol  eth.  Its  expl  props  were  not 
investigated 

Re/s:  l)Beil—  not  found  2)H.Schechter 

et  al  JCS  74,3056(1952)  & CA  48,9912(195 4) 
ACT(  Ardeer  Cordite  Tubular).  A propellant 
manufd  at  Ardeer  plant  of  Nobel's  Explosives 
Co  and  later  by  the  Imperial  Chemical  In- 
dustries, Gt  Brit 

ACT  5 (Ardeer  Cordite  Tubular  No  5)-  A 
batch  No  320B  delivered  in  1938  for  the 
Brazilian  Navy  had  to  meet  the  following 
specification  requirements:  NC(N=  11.8  ±0.2) 
65.0  +1,  NG  29.0  + 1 and  centralite  6.0  ±0.5% 
Graphite  could  be  added  to  the  extent  of 
0.2%  and  max  moist  content  of  ACT  5 was  1% 
Ref:  Adm  Alvaro- Alberto,  Rio  de  Janeiro; 
private  communication  Oct  14,  1958 
ACT  5,  Erosion  of.  The  erosive  action  of 
ACT  5 as  well  as  of  some  other  propellants 
was  investigated  in  Brazil  by  Admiral  Alvaro- 
Alberto  (Ref  2)  from  the  point  of  view  of 
Vieille’s  erosion  theory  (Ref  I).  This 
theory  was  modified  using  some  later  data 
of  Muraour  and  of  other  investigators.  A 
brief  resume  of  Al'varo-  Alberto’s  work  on 
erosive  action  of  propellants  is  given  in 
CA  40,  2629-30(1946) 

Refs:  DP.Vieille,  MP  11,156-210(1901) 

2)Adm  Alvaro- Alberto,  Anais  da  Acad- 
emia Brasil ei ra  de  Ciencias(Rio  de  Janeiro), 

14,247,327(1942)  & 15,39,187,329(19  43) 

Action  of  Gas  Explosions  on  Solid  Propel- 
lants. In  one  series  of  experiments  con- 


ducted in  Russia,  a glass  tube,  25  in 
diam  and  1.5  m long,  was  filled  (after  evacua- 
tion) with  H-O  gas  (obtained  by  electrolysis 
of  HaO)  at  atm  press  and  a large  cryst  (or 
a solidified  drop)  of  an  expl  was  placed  on 
a piece  of  iron  in  the  center  of  the  tube. 

The  gas  mixt  was  detond  by  means  of  a 
15  mg  chge  of  LA  placed  in  a side  arm  of 
the  tube  and  the  expln  was  photographed. 

None  of  the  expls  tested(PA,  tetryl  and 
PETN)  ignited  or  detond,  even  when  they 
were  preheated  to  100°.  In  the  second  series 
of  experiments,  a steel  tube  38  mm  in  diam 
and  1 m long  was  filled  with  H-0  mixts 
at  various  pressures,  the  rest  of  the  condi- 
tions were  the  same  as  in  the  first  series. 

None  of  the  expls  tested  was  affected  by 
the  expln  of  the  mixts  at  atm  press.  At  5 
atm,  blasting  gelatin  burned  without  deform- 
ing the  tube,  but  at  higher  pressures  it  ex- 
pld  and  the  tube  was  blown  to  bits.  Cast 
PETN  did  not  burn  or  expl  at  6 or  10  atm 
but  it  did  expl  at  15  atm  and  higher  pres- 
sures. Powdered  PETN  exploded  at  10  atm 
and  higher.  PA  was  unaffected  at  5,  10  & \ 

15  atm,  but  it  burned  at  20  & 24  atm  and 
exploded  at  30  atm 

Ref:  K.K.  Andreev  & V.  P. Maslov,  DoklAkad- 
Nauk  25,195-7(1939)  & CA  34,3495(1940) 

Action  of  Light  on  Explosives  ond  Propellants. 

See  Light  Sensitivity  of  Explosives  and 
Propellants 

Action  of  Light  on  Explosives  and  Propel- 
lants, Tests.  See  under  Light  Sensitivity 
Tests 

Action  of  Inorganic  and  Organic  Salts  in 
the  Combustion  of  Carbon  in  on  Atmosphere 
of  Nitric  Oxide.  See  Catalysts  in  Combus- 
tion of  Carbon 

Action  of  Radiation.  See  Radiation  Action 
Action  Time  of  a Propellant  in  a Rocket. 

According  to  a definition  of  the  Hercules 
Powder  Co,  the  action  time  is  the  rime  in- 
terval of  that  part  of  the  time-pressure 
curve  which  is  above  10%  of  the  max  press 
of  a rocket  propellant.  This  value  is 
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identical  with  die  10%  burning  time,  as  used 
at  Pic  Arsn 

Activated  Carbon  or  Charcoal.  See  Carbon 
(or  Charcoal)  Activated 
Activated  Complex  Theory.  See  Absolute 
Rate  Theory 

Activation  (or  Radioactivation)  Analysis 

(Applications  of  Radiochemical  Methods 
to  Analytical  Chemistry)(In  collab  with 
T.C.Castorina,  Pic  Arsn).  Activation  analysis 
is  the  quantitative  detn  of  elements  by  the 
measurement  of  the  radioactivity  produced 
in  them  by  nuclear  bombardment 

Measurement  of  radioactivity,  as  an  an- 
alytical tool  became  possible  after  the  dis- 
coveries of  A.H.  Becquerel(uranium  radi- 
ation 1896), Pierre  & Marie  Curie  (polonium  & 
radium  in  1898),  Sir  E.  Rutherford  (identifi- 
cation of  Becquerel  rays  as  consisting  of 
alpha-,  beta-  and  gamma- particles)  and  of 
F.Soddy(phenomenon  of  nuclear  disinte- 
gration, in  1902) 

Since  not  many  natural  radioactive  ele- 
ments are  in  existence  analysis  by  radio- 
chemical methods  was  rather  limited  until 
it  became  pa  ssible  to  ’’induce"  radioactivity 
artificially  in  someof  the  non-radio  active 
elements,  as  was  first  done  in  1934  by  I. 
Curie  & F.Joliot(Ref  1).  This  discovery 
greatly  broadened  the  application  of  radio- 
chemical analysis.  The  first  application 
of  artificial  radio  activation  for  the  identi- 
fication of  constituents  in  a mixt  was  re- 
ported by  Meinke  (Ref  16)  to  have  been 
done  in  1936  by  Hevesy & Levi  (Ref  2). 

In  the  activation  method  an  element  under- 
goes nuclear  reactions  by  means  of  some 
source  producing  sufficiently  high  thermal 
neutron  flu x( preferably  by  a nuclear  re- 
actor) to  yield  radioactive  isotopes.  These 
isotopes  are  usually  unstable  and  return 
to  their  ground  state  by  releasing  energy 
in  the  form  of  emitted  radiations.  By 
measuring  these  radiations  it  is  possible 
to  identify,  in  most  cases,  one  or  several 
components  in  a mixt.  Such  nuclear 
transitions  are  not  affected  by  the  scate 


of  chemical  combination  of  the  atom  so  that 
radiochemical  measurement,  can,  in  many 
cases,  be  made  directly  without  preliminary 
separation,  by  gamma  spectrometric  methods. 

At  times,  however,  it  does  become  necessary 
to  resort  to  wet  chemical  methods  for  the  more 
complete  identification  of  the  numerous  com- 
ponents in  the  mix: 

Because  of  the  extremely  high  sensitivity 
of  the  activation  method  of  analysis  detns  of 
trace  impurities  (as  low  as  1 part  per  billion) 
are  made  possible.  Such  analyses  can  be  made 
only  with  difficulty,  if  at  all,  by  conventional 
chemical  methods 

Activation  analysis  now  finds  wide  appli- 
cation in  the  identification  of  the  rare  earths 
and  in  the  field  of  metallurgy.  It  has  been 
also  applied  to  some  Ordnance  problems,  whicl 
are  being  reported  in  classified  literature 
(Ref  19) 

Detailed  description  of  activation  analysis 
can  be  found  in  many  of  the  following  refs 

Refs:  1)1. Curie  & F.Joliot,  NacureI33,  20  1 

( 19  34)(  Disco  very  of  phenomenon  of  induced 
or  artificial  radioactivity)  2)G.von  Hevesy 
& H.Levi,  KglDanskeVidenskabSelskabMatfys 
Medd  14,  5(1936)  3)O.Hahn,  "Applied 
Radioactivity,"  Cornell  Uni  vP  re  ss,  Ithaca, 

N Y(  19  36)  4)G.  von  Hevesy  & F.  A.P  an  eth, 

’’A  Manual  of  Radioactivity,"  OxfordUniv 
Press,  London(  1938)  5)G.  T. Seaborg,  Chem 

Revs  27,199*285(1940)  (ca  600  ref s)(  Arti- 
ficial radioactivity)  6)G. vonHevesy,  ’’Radio 

active  Indicators,"  Interscience,  NY(1948) 
7)G.K. Schweitzer,  ''Radioactive  Tracer 
Techniques,"  Van  No  strand,  NY(1949)  8) 

G.  Friedlander  & J.  W.fCennedy,  "Introduction 
to  Radiochemiscry,”Wiley,  NY(1949)  9)^* 

F.  Bale  & J.F.  Bonner,  Jr,  "Determination 
of  Radioactivity, " chap  30  in  vol  1 of 
"Technique  of  Organic  Chemistry,"  edited 
by  A.  Weissberger,  Interscience,  NY(l949) 

10)  A. C. Wahl  Si  N.  A.  Bonner,  "Radioactiv- 
ity Applied  to  Chemistry,"  Wiley,  NY(1951) 
U)K.E.  Zimen,  "Angewandte  Radio aktivi tat," 
Springer,  Berlin(1952)  I2)I.M.Kolthoff  & 

E.  B.  Sandeli,  "Textbook  of  Quantitative 
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Organic  Analysis,’'  Macmillan,  NY(1952), 

659  13)G.B. Cooke  & J. F. Duncan,  "Mod- 

em Radiochemical  Practice,”  Oxford  Univ 
Press,  NY(1953)  l4)W.J.Whitehouse  & 

J.L. Putnam,  "Radioactive  Isotopes, ”Ox- 
fordUnivPress,  NY(  1953)  15)G.Charlot 
& D.Bezier,  "Methodes  Modemes  d’ Analyse 
Quantitative  Mineral e,”  Masson  & Cie, 

Paris(  1955)  l6)W.W.Meinke,  Science  121, 
177*84(1955)  and  Rus  translation  by  N.G. 
Polianskii,  UspekhiKhimii  15,770*80(1956) 
(Trace  element  sensitivity*  comparison  of 
activation  analysis  with  other  methods) 

17)G. Chariot  & D.Bezier,  "Quantitative 
Inorganic  Analysis,”  translated  from  the 
French  by  R. CMurray,  Methuen  Co,  London 
(19  5 7),  295*9  18)L.Meites,  H.C. Thomas 
& R.P.  Bauman,  "Advanced  Analytical  Chem- 
istry,” McGraw-Hill, NY(  1958),  344*69  19) 

Samuel  Helf,  "Nucleonics  Laboratory,”  Pic 
Arsn,  Dover,  NJ(1959)'>  private  communication 
Activation  Energies  of  Elementary  Reactions. 
See  the  dissertation  of  T.  A.  Vanderslice, 
Catholic  University  of  America  Press, 
Washington,  DC(  1956) 


Activation  Energietof  Explosives.  It  is 

known  that  for  most  expls  the  following  Ar- 
rhenius equation  holds:  log  t = E/RT  t 
const,  where  t is  the  "induction  period” 
(time  lag  in  secs  prior  to  ign  or  expin  after 
heating  to  a temp  T in  °K),  R is  the  gas 
constant  and  E is  the  activation  energy  in 
kcal/mol  for  the  reaction  in  question 
The  following  table,  taken  from  Ref  1, 
gives  the  activation  energies  for  some  expls 
as  calcd  from  the  above  formula  and  using 
T values  from  tables  I to  IV  of  the  above 
work.  The  value  E2  represents  the  actvn 
energy  in  the  lower  temp  range  for  those 
expls  which  do  not  follow  a straight  line 
relationship  over  the  entire  temp  range 
studied,  while  Ei  is  the  actvn  energy  at 
the  higher  temp  range 

Note:  The  values  E are  lower  than  those 
reported  by  others,  such  as  in  Ref  2 
Refs:  l)H.Henkin  & R.McGill,  IEC  44, 

139  4(19  5 2)  2)&Roginsky,  PhysZSow  1, 
640(19  3 2)  3)T.Urbanski  & Rychter,  CR  * 
208,900(1939)  4) A. J.B. Robertson,  Tr- 

FaradSoc  44,677(1948) 


Table  (Activation  Energies) 


Explosive 

Black  powder 
Di  azo  dinitroph  enol 
Erythritol  tetranitrate 
Ethyl  en  edini  traniin  e 
Lead  azide 
Lead  styphnate 
Mercuric  fulminate 
Nitrocellulose  ( 12.6-13- 4%N) 
Nitroglycerin 

Pentaerythritol  tetranitrate 

Picric  acid 

Tetryl 

Trinitrotoluene* 


20.6 

- 

29.0 

48.0 

22.8 

51.0 

10.0 

80-85 

21.2 

- 

58.8 

- 

20.2 

58.0 

26.5 

67.0 

22.6 

- 

22.0 

- 

27.4 

- 

14.4 

Not  given 

♦In  Ref  3,  the  E value  for  TNT  is  given  as  14  kcal/mol  in  the  temp  range  390*450°,  while  in  Ref  4 the 
value  is  32  kcal/mol  for  a lower  temp 
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Activation  Energies  of  Fuels  in  High  Tem- 
perature Combustion  are  discussed  in  the 
paper  presented  by  J.B.  Fenn  & H.  F. Caicotte 
at  the  4th  Symposium  on  Combustion,  Wil- 
liams & Wilkens,  BaItimore(  1953),  pp  231“ 

9(7  refs) 

Note:  The  paper  gives,  in  addition  to  ac* 
tivation  energies  of  various  fuels  with  stoich- 
iometric amounts  of  air,  the  flame  temps  and 
the  burning  velocities 

Activator  (of  a Land  Mine).  Same  as  Fuze 
of  a Land  Mine,  also  called  Igniter 

Active  List  of  Permissible  Explosives  and 
Blasting  Devices.  This  list  approved  by  the 
US  Bureau  of  Mines  prior  to  Dec  31,  1945,  may 
be  found  in  the  Bur  of  Mines  Rept  of  Invest 
3910,  compiled  by  J.E. Tiffany  & Z.C.Gaugler. 
There  is  also  a supplement  to  this  report. 
Earlier  Repts  of  Investigations  on  the  same 
subject  are  Nos  3134  , 3665  & 3736-  No  other 
info  on  this  subject  was  found  in  CA  through 
1956 

Active  Oxygen  is  oxygen  of  an  org  or  inorg 
compd  which  is  easily  liberated  in  a free 
state,  especially  in  presence  of  alkalies 
and  heavy  metals,  like  Pt.  Such  oxygen  is 
found  in  peroxy  compds,  such  as  dibenzoyl 
peroxide,  Na  peroxide,  etc.  It  liberates 
iodine  from  KI  (Ref  1) 

Following  method  for  the  detn  of  active 
oxygen  in  dibenzoy  peroxide  is  described 
in  Ref  2 

Weigh  0.605  g peroxide  into  a 125ml 
Erlenmeyer  flask,  add  40  ml  acetone  and 
swirl  gently  until  the  sample  dissolves 
(takes  ca  2 mins).  Add  5 ml  of  KI  soln 
(prepd  by  dissolving  33  g cp  KI  in  67  ml 
HjO  contg  small  amt  of  Hg)  and  swirl  for 
l/2  min.  Titrate  with  N/10  Na  thiosulfate 
to  a colorless  end  point 

% Active  Oxygen  = (ml  NasSj03)x  0. 1322 
(See  also  Available  Oxygen) 

Refs:  l)Dr  H. Walter,  PicArsn;  private 

communication  2)Bulletin  No  9 of  Lucidol 
Division,  Novadel- Agene  Corp,  Buffalo,  NY 
(1948) 


Active  Sheath  ( Aktive  Mantelpatrone).  A type 
of  she3th  (see  Sheathed  FIxplosives),  con- 
sistg  of  flameless,  gas-producing  mixts  cap- 
able of  self- sustenance  of  their  gas-producing 
character.  These  sheaths  usually  consist  of 
NG(  with/or  without  NGc)  and  inert  ingredients, 
such  as  NallCOj,  NaCl,  Kieselguhr,  etc 
[See  also  PATR  2510(  1958),  p Ger  lj 
Actuator,  Explosive.  See  Explosive  Actuator 
Acyclic  Mercaptan s Containing  1-5  Carbon 
Atoms  were  found  to  be  hypergolic  when  used 
in  combination  with  a strong  oxidizer  such 
as  fuming  HN03.  Such  mixts  were  proposed 
for  use  in  self-igniting  rocket  fuels.  In  order 
to  shorten  the  ign  delay,  the  oxidizer  was 
mixed  with  2-  20%  by  wt  of  HjS04,  N02  or 
N0HS04.  In  one  example,  a 1:3  mixt  by  vol 
of  etkylmercaptan(<\v ) and  an  oxidizer  contg 
15%  by  wt  of  HaS04  gave  an  ign  delay  of  10 
millisec  at  -40°F 

Ref:  P.GCondit  & M.A.Pino,  USP  2,750, 
732(1956)  & CA  50,16110-12(1956) 

Acylamine,  Nltroso.  See  Nitro  so  acyl  amines 
and  Diazo  Esters 

Acylation  ( Acidylation).  A reaction  leading 
to  the  formation  of  an  org  compd  contg  one 
or  several  acyl  radicals,  RCO- 
Refs:  l)Lassar-Cohn,  "Arbeitsmethoden 

fur  Organisch-Chemi sche  Laboratories” 
L.Voss,Leipzig(1924),  5“  28  2)Kirk  & Othmer 
1(1947),  190 

Acyl  Hydroperoxides.  See  Peroxy  Acids 

Acyl  Nitrates  and  Perchlorates  arc  described 
by  M.Schmeisser,  AngewChem  67,  4 9 3- 5 0 1 ( 1955) 

Acyl  Peroxides  are  peroxides  contg  one  or 
more  acyl(RCO-)  groups.  Such  peroxides  are 
described  in  this  work  under  the  names  of 
the  corresponding  acyl  radicals,  such  as  di- 
acetyl  peroxide,  dibenzol  peroxide,  etc 
Following  are  some  recent  refs: 

1)K. Livanov  et  ai,  ZhObshchKhim  22,2126*8 
(1952)  (in  Rus);  22,  2 18  1* 2(  195 2Xin  Engl)  & 

CA  48,1257,5084(1954)  2)K.S.Minsker  & 
L.V.Scupen,  ZhObshchKhim  27,  2875- 7(  1957) 

(in  Rus);  27,  29  1 2(  19  5 7)(in  Engl)  & CA  52, 

808  5(  1958) 
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Acyi  Peroxide*  Reactions  with  Phenol  were 
investigated  by  C.  Walling  & H. B.Hodgdon, 

r.  1 L!  Ut) VT^  ^ me  r 

\-WAUlliUI  fluiu  v ACLUncpt  1NV  ^ 1 y JHT 

Dec  1956.  Project  No  TBZ-0001,  Contract 
Cu- 1 1-57-ORD- 1270 

Adams  (ExplOsif).  An  expl,  patented  in  1893 
in  France,  contained:  K nitrate  54,  sulfur 
20,  flowers  of  sulfur  13,  PA  1,  tungstic  acid 
0.5)  HgO  0.5,  $b  tri sulfide  I & water  10% 
Ref:  Daniel  (1902),  5 

Ad  am  site.  Same  as  Diphenyl  aminechloro  ars- 
ine 

Adopter.  A metal  collar  or  bushing  with  ex- 

. t J * 1 - 1 ^ T j.  2 ^ 

icm <U  auu  lllicnim  uiicaua,  uia  as^icwcu 

into  the  nose  of  a projectile,  when  the  nose 
opening  is  larger  than  the  dr  am  of  the 
The  adapter  serves  as  the  seat  for  a fuze. 
The  use  of  adapters  permits  the  attachment 
of  various  sizes  of  fuzes  to  one  particular 
shell.  It  also  permits  the  use  of  a larger 
opening  in  the  nose  of  a shell  which  facil- 
itates the  forming  and  machining  of  the  in- 

- *.  - _ .1  t I _ 2 _ -.1 

tenor  cavity  m me  c^i  luaucru.  uj lu  mw. 

shell.  Chemical  shells  have  adapters  in 

n rA ** r fn  t\ rntri Hp  a mpsin.R  of  $P atl fl I?  the 
— r — ° 

burster  casing 

R e/s : 1)H ay  e s(  19  38) . 59  5 2) Dep  t o f th  e 

Army,  Technical  Manual,  TM  9*190 1(1950), 
379 

Note:  Specifications  for  various  adapters 
are  listed  in  the(  "Index  of  Specification s 
and  Standards,55  Dept  of  the  Army,  Wash- 
ington, DC,  vol  2,  Oct  1958,  pp  1*2 

~ a_-  a j : 2 

nuvifMvrMvviiai,  /i  UCV1LC  wmtu  CD1151  bii5 

of  a bushing  contg  a booster  charge,  usually 
tetryl  pellets.  The  adapter- boo ster  i s 
screwed  deep  into  the  nose  or  base  plug 
of  a bomb.  The  device  is  threaded  on  its 
protruding  end  to  seat  a standard  nose  or 
tail  bomb  fuze 


Kefs:  l)Hayes(  1938),  606  2)Ohart 

(1946), 217  & 273  3)US  Army  Spec  50- 


# *"*■  AA  vj  *■  A A#  A f A m A/]  AA  • 
-ii  k u uiiu  kwaka  avi  ojj  i 


boosters  used  in  bombs) 

Adapter.  Cluster.  See  Cluster  Adapter 
Adde  Explosives.  Mixes  of  liq  expls,  pro- 


duced by  nitrating  either  xylene,  cumene  or 
benz,  gelatinized  with  NC  and  combined  with 

A #1  A A /vdnf  A/  All  aU  A £»  K 1 


wAiuiuHg  U6V,“*J\1‘JU1-W  uii.iatWL3,  ^ ticiuvi 

ates,  etc)  to  yield  low-  free  zing  (ca  -20^ 
plastic  expls.  These  expls  were  patented 
about  1912  by  Symon  Adde  in  Sweden  as 
well  as  in  England.  Eg:AN32,  Amm  perchlor- 
ate 40,  liq  DNX  or  TNX  20,  NG  5,  NC  1 & 
ferro silicon  2% 

Refs:  i)S.  Adde,BritP  13,373(1912)  2) 

Colver(  19 18),  258  & 689 

ADE.  Designation  of  Itai  time  and  percussion 
fuzes  used  with  aerial  burst  or  impact  pro- 
i ectile  s 

Ref:  Bureau  of  Ordnance,  Navy  Dept,  "Ital- 
ian and  French  Explosive  Ordnance/’  OP 
1668,  Washington,  DQ1946),  63 
Adenine.  Same  as  6-  Aminopurine 
Adeslvo  (Ital).  Adhesive 
Adhesion  is  the  sticking  together  of  sub- 
stances in  contact  with  each  other.  The 
subject  is  discussed  in  the  following  ref- 


cr6ll^C5< 


l)W.Wehl,  "The  Theoretical  Basis  of  Ad- 
hesion." ASTM  Proceedings  Aft  104^  ?^N_ 

' o~  ■ — \ **/ 

deBruyne  & R.Houwink,  "Adhesion  and  Ad- 
hesives," Elsevier  Press,NY(  1951)  3)Col- 
lective,  "Adhesion  and  Adhesives,  Funda- 
mentals & Practice,"  Symposium,  Wiley, NY 
( 19  54) 

Adhesives  are  substances(such  as  glue, 


terials  together.  Adhesives  are  used  ex- 
tensively in  Ord  items  and  in  the  explosives 
industry.  For  ipstance,  the  solid  ingredients 
(such  as  AN,  K perchlorate,  etc)  of  gelatin 
dynamites  are  held  together  by  means  of  a 
gel  consisting  of  NG  and  collodion  cotton 
(see  also  Binders),  in  the  manuf  of  iarge 
grain  rocket  propellants,  the  so-called  "in- 

h 1 Vv*  +vx  r r\  a ^ * f \ o r o 11  dti  aI  I a aU  k.r 

tUL/iM/i  o ^ v J msv  w^uaiijr  atkOVLik.u  l jy 

means  of  an  adhesive(Ref  4).  Adhesives  are 


also  used  in  the  packing  of  ammunition  (see 
under  Packing  and  Packaging) 

Testing  of  various  adhesives  and  ad- 
hesive cloths  for  use  in  Ord  is  described 
in  Refs  6 & 8 
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Refs:  1)P>I. Smith,  "Synthetic  Adhesives," 

Chem  Pub  Co,  BrookIyn(  1943)  2)T.D.Perry. 
"Modem  Wood  Adhesives,”  Pitman, Chicago 
(1944)  3)J- Delmonte,  "The  Technology  of 

Adhesives,"  Elsevier,  NY(1947)  4)A.M. 

Ball,  USP  2,643,611(1953)  & CA  47,9016 
(1953)(l^hibitor  strips  for  large* grain  rocket 
propellants  are  attached  by  means  of  an  ad- 
hesive consisting  of  NC  dissolved  in  Et 
lactate,  cello  solve,  mesityl  oxide,  Bu  ace- 
tate or  di acetone  alcohol.  These  solvents 
act  as  a mutual  plasticiser  for  the  material 
of  the  inhibitor  strip  and  for  the  propellant 
itself)  5)G.  Epstein,  "Adhesive  Bonding 
of  Metals,”  Reinhold,  NY(1954)  6)ASTM 
Committee  D-l4on  Adhesives,  Standards  on 
Adhesives,  Specifications,  Physical  Tests, 
Definitions,  Philadelphia,  Penna(1954)  7) 

USOrdnance  Corps,  ’'Ordnance  Materials 
Handbook  ORDP  20-306,”  Washington,  DC 
(1957)  8) Dept  of  the  Army,  "Index  of 

Specifications  and  Standards,”  Washington, 
DC,  vol  2(1958),  pp  2-3  9)H.A.Perry, 
"Adhesive  Bonding  of  Reinforced  Plastics,” 
McGraw-Hill,  NY(1959)  10)J.J. Veliky  & 

M.J. Bodnar,  "Adhesives  for  Bonding  Com- 
pressed Graphites  to  Steel,"  PATR  2604 
(195^ 

(See  also  Refs  under  Adhesion) 

Adhesive  Tape  for  Packaging  and  Packing 
of  Ammunition.  US  Specification  JAN-P- 
127  and  Ammendments  cover  the  require- 
ments of  the  US  Army  and  Navy.  The  tape 
must  be  pressure  sensitive  and  water- 
re  si  scant 

Following  are  the  tests  described  in  this 
Spec:  wet  tensile  strength,  adhesion  at 
low  temp,  moisture- vapor  transmission  rate, 
water-penetration  rate;  corrosion,  acceler- 
ated aging,  dry  tensile  strength  and  tearing 
resistance 

Adiabatic  Compression  of  Entrapped  Gas 
or  Vapor  as  a Cause  of  Initiation  of  Ex- 
plosives. It  has  been  shown  by  some  Brit 
investigators  that  one  of  the  important 
causes  of  initiation  of  sensitive  expls  by 
mech  actiou(such  as  impact)  is  the  adia- 


batic compression  of  minute  gas  or  vapor 
bubbles  entrapped  by  the  expls.  These  tiny 
air  spaces  are  heated  by  adiabatic  compres- 
sion and  ignite  the  expls.  If  precautions 
are  taken  to  eliminate  all  bubbles,  the  expl 
is  comparatively  insensitive.  These  bubbles 
serve  as  "hot  spots.”  Another  important 
source  of  hot  spots  is  the  presence  of  small 
grit  parti cles(Ref  2,  p 3) 

This  theory  was  tested  by  Yoffe(Ref  1) 
by  comparing  the  energies  required  to  ini- 
tiate NG  and  PETN  with  and  without  en- 
trapped air.  Samples  prepared  without  air 
in  the  form  of  a continuous  film  required 
much  higher  energies  of  initiation  than 
samples  with  entrapped  air.  A simple  method 
of  including  a gas  phase  in  an  expl  is  to 
spread  it  as  a small  annulus  on  a flat  anvil. 
When  this  is  struck  with  a flat  hammer,  the 
small  amt  of  gas  in  the  center  is  trapped 
and  compressed.  In  these  experiments  the 
size  of  the  annulus  was  such  that  die  initial 
vol  of  the  gas  was  ca  5 x 10 "5  cc.  A more 
detailed  description  of  the  theory  of  adia- 
batic compression  and  methods  of  testing 
are  given  in  Ref  2 

Refs:  1)A. D.Yoffe,  Nature  161,349(1948) 

2)F.P. Bowden  & A. D.Yoffe,  "Initiation 
and  Growth  of  Explosions  in  Liquids  and 
Solids,  CambridgeUnivPress;  London(  1952), 

3 & 33-61 

Adiabatic  Explosion.  Since  an  expln  takes 
place  in  an  extremely  short  time,  it  may  be 
considered  to  be  adiabatic.  Assuming  that 
an  explosive  is  heated  by  the  decompn  of 
part  of  the  sample  and  that  the  rate  of  de- 
compn increases  with  increasing  temp,  R. 
B.Parlin  et  al(Ref)  derived  the  equation 
for  the  time- temp  relationship  in  a purely 
thermal  expln.  A discussion  of  this  equation 
would  require  undue  space  here 
Ref:  R. B.Parlin  et  al,  OSRD  Report  20  26 
( 19  43)(  Unclassified) 

Adiabatic  Flame  Temperature  is  the  maximum 
temp  produced  on  combustion  (of  propel- 
lants, pyrotechnic  compositions,  etc) 
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assuming  no  heat  is  lost  to  or  absorbed 
from  the  surroundings.  The  adiabatic  flame 
temp  is  a calcd  value 
Ref:  Rocket  Fundamentals,  Appendix  2, 
OSRD  Rept  3992(1944) 

Adiabatic  Ignition  of  Propellants,  Pyrotech- 
nic Compositions,  etc.  When  ign  of  a subst 
is  effected  in  a highly  insulated  condition 
with  no  gain  of  heat  from  or  loss  of  heat  to 
the  system,  it  is  called  adiabatic  ignition. 
The  ign  can  be  initiated  by  a spark,  flame, 
incandescent  wire,  etc  and  the  heat  de- 
veloped by  these  sources  must  be  taken 
into  consideration  when  calculating  the 
heat  of  expin  or  deton  from  experimental 
data 

Confidential  OSRD  Rept  4758(  1945)  by 
the  Explosives  Research  Laboratory, 
Bmceton,  Pa  presents  a theoretical  treat- 
ment of  adiabatic  ignition  and  also  con- 
siderable experimental  data.  The  theory  of 
adiabatic  ignition  presented  applies  only 
to  those  decompositions  which  are  not 
auto  catalytic 

Adiabatic  Ignition  Test  of  Propellants  was 

developed  during  WWII  by  the  Hercules 
Powder  Co  at  its  Radford,  Virginia  plant. 
The  test  is  describedin  confidential  Herv 
cules  report  RD  4 by  W. S.Koski,  Dec  20, 
1943 

Adinau  Explosive.  An  Amer  pre-WWI  expl: 
Ba  nitrate  69-  3,  TNT  28.7  & Pb  chromate 
2% 

Refs:  1)L.  Adinau,  USP  1,056,389(1913) 

& CA  7,  1612(1913)  2)Colver(19  18)5250 
ADIPIC  ACID  AND  DERIVATIVES 
Adipic  or  Adipinic  Acid  (Hexanedioic  or 
1, 4- Butanedi  carboxylic  Acid)(Hexandi- 
s^ure,  in  German),  (CH2)4(COOH)a,  mw 
146. 14,  OB  to  COa  -142. 3%,  OB  to  CO 
'-76,6%.  Fine,  wh  crysts  or  powd,  d 1.  360 
at  2574°,  mp  152°,  bp  337.5°,  A P 38  5°  F 
(closed  cup),  vap  press  1 mm  at  159-5°, 
vap  d 5.04  (air  1.00),  Q*  668.6  kcal/mol; 
reacts  with  oxidizing  materials;  si  sol 
in  w or  eth  and  very  sol  in  ale.  Can  be 


prepd  by  several  methods.  One  of  them, 
given  in  Ref  3,  uses  cyclohexanol  and  nitric 
acid  in  the  presence  of  NH4VOs.  The  German 
method  using  tetrahydrofuran  and  CO  is 
briefly  described  in  Ref  2.  Other  methods 
are  given  in  Refs  1 & 4.  The  toxicity,  fire 
and  expln  hazards  of  adipic  acid  are  dis- 
cussed in  Ref  5-  Properties,  reactions  and 
current  and  potential  uses  of  adipic  acid 
and  derivs  are  discussed  in  Ref  6 

Adipic  acid  is  used  in  the  manuf  of  nylon 
and  of  someother  plastics. Same  of  its  esters 
are  useful  gel  acini  zers  and  plasticizers 
(Refs  4 & 6) 

Its  salts  are  called  adipates 
R e fs:  1)  Beil  2, 6 49(  277)  & [ 57  2]  2) J - D. 

Rose,  PBRept  25,553,  translation  of  W.Reppe’s 
Report,  Ludwigshafen(  1941)  3)OfgSynth, 
CollVol  1(1941),  18  4)Kirk  & Othmer  1, 
(1947),  153-4  5)Sax(  1957),  246  6)Poly- 
chemical  Dept,  E.I.duPontdeNemours  & Co, 
"Adipic  Acid  and  Its  Derivatives,”  Wilming- 
ton, Del(  19  57)(77  pp) 

Adipic  Acid,  Analytical  Procedures  are  de- 
scribed in  Organic  Analysis,  Interscience, 

NY,  vol  2(1954)  and  vol  3(1956) 

Adipic  Acid  Axide  or  Adipyl azide  (Adipinyl- 
azide),  N, . C0(CH2)400  . OH— not  found  in 
Beil  or  CA  through  1956 
Adipic  Acid  Diazide  or  Adipyidiazide 
(Adipinyldi azide),  N,,  CO(CH2)4CO.  Ns,  mw 
196. 17, N 42.84%;  col  oil  solidifying  at  -1° 
to  wh  crysts;  bp- expl  viol  on  heating  directly 
or  under  w;  easily  sol  in  ale  or  eth.  Was 
first  prepd  in  1915  from  adipyl  hydrazide, 
NaNOj  and  HCl(Ref  2).  Details  of  prepn 
are  given  in  Ref  3 

Refs:  l)Beil  2,(278)  2)Th.  Curtius, 

JPraktChem  91,8(1915)  & CA  9,1606(19  15) 

3)P.  Eckert  & E-Herr,  Kunstseide  und 
Zell  wolie  25,204(1947)  & CA  43,1564(1949) 
Adipocelluloses  aid  Cutocei luloses  are 
mixts  of  cellulose  with  waxy  and  fatty  sub- 
sts.  Cork  and  some  other  barks  consist 
principally  of  adipo cellulose,  whereas  the 
epidermis  of  the  leaves  and  twigs  of  some 
plants  contain  cutin( combination  of  waxes, 
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fatty  acids,  resins,  higher  alcohols,  etc) 
and  cellulose.  The  combination  of  cutin 
with  cellulose  has  been  called  "cuto- 
cellulose”  but  its  existence  (as  well  as 
of  adipo cellulose)  as  a compd  has  never 
been  proven.  Some  investigators  believe 
that  adipo-  and  cuto- cellulose  are  identical 

When  treated  with  ooncd  HNOj  ot  mixed 
HN0j-H2S04,  adipocellulose  yields  products 
resembling  those  obtained  by  nitration  of 
cellulose  and  fats 

Pulverized  adipocellulose  (cork,  bark,  etc) 
has  been  used  as  an  absorbent  for  NG, 

NGc,  etc  in  coml  expls  such  as  dynamites 
Re/s:  l)Mar  shall  1(19 17),  150  2)Doree 

(1947)332  3) Webster’s  New  International 

Dictionary,  Unabridged,  Merriam  Co,  Spring* 
field,Mass(195l),32  & 652  4)Ott  5,part  l 
(1954),  34 

Adobe  Shooting.  Same  as  Mudcapping  or 
Plaster  Shooting  (see  under  Agriculture  and 
Forestry  Use  of  Explosives) 

Adsorbents.  See  Adsorption  and  Adsorbents 
Adsorption  and  Adsorbents.  Adsorption  may 
be  defined  as  the  ability  of  a substance 
(adsorbent)  to  hold  on  its  surface,  including 
inner  pores  of  cracks,  thin  layers  of  gases, 
liquids  or  dissolved  substances  (adsorbates). 
Adsorption  is  a surface  phenomenon  and 
should  not  be  confused  with  absorption  (qv). 
Adsorption  may  be  divided  into  physical  and 
chemical  (also  called  chemisorption).  In 
physical  adsorption  the  forces  are  those 
betw  the  adsorbing  surface  and  the  molecules 
of  the  adsorbate,  and  are  similar  to  Van  der 
Waals  forces.  In  chemisorption,  which  in- 
cludes ion  exchange,  the  forces  are  much 
stronger  than  those  of  physical  adsorption 
and  depend  on  chemical  bond  formation. 

One  of  the  most  effective  physical  adsorb- 
ents is  activated  carbon.  Kieselguhr,  form- 
erly used  in  dynamites,  is  also  an  effective 
adsorbent.  Other  physical  adsorbents  in- 
clude activated  alumina,  clays,  silica, 
charcoal,  sawdust,  wood  pulp,  vegetable 
meals,  carbene  and  various  salts.  Some  of 
these  subst an ces( sawdust,  meals,  AN, 

Na  nitrate,  etc)  are  used  as  absorbents  for 


the  liq  components  of  dynamites,  while 
other  sub st s (carbene,  charcoal,  etc)  are 
used  for  liq  air  or  liq  oxygen  expls,  such 
as  oxyliquit(qv) 

(See  also  Chemisorption,  Ion  Exchange  and 
Surface  Chemistry  & Physics  in  this  Dic- 
tionary and  Absorption  Analysis  and  Chroma- 
tography) 

Refs:  l)Kirk  & Othmer  1(  1947), 206- 32 

(20  refs)  2)P.Meunier&  A.Vinet,  '•Chrom- 
atographic et  Mesomerie,  Adsoiption  ec 
Resonnance,”  Masson, P aris(  1947)  3) A. 

B.Ray,  IEC  39, 12-13  & 32-35(  19 47)(  114 
refs)  4) B.L. Harris,  IEC  41, 15- 19(  1949) 

(167  refs)  and  under  "Unit  Operations” 
in  the  January  issues  of  succeeding  years 
5)Perry  (1950),  885*916  6)CL.Mantell, 
"Adsorption,”  McGr aw- Hill, NY(  1951)  7) 

J.H, deBoer,  "The  Dynamical  Character  of 
Adsorption,”  Oxford  UnivPress,London(  1953) 
8)V.R. Dietz,  "Bibliography  of  Solid  Ad- 
sorbents 1943"  1953,”  USBurStds  Circular 
566, Govt  PrtgOff,  Washington, DC(  1956) 
Adsorption  Analysis  is  discussed  in  the 
following  books: 

1) E.O.Kraemer,  edit,  "Advances  in  Colloid 
Science,”  Interscience,  NY,  1(1942),  article 
by  A. Tiselius,  "A  New  Method  of  Adsorp- 
tion Analysis  and  Some  of  Its  Applications” 

2) A.Weissberger  edit,  "Physical  Methods 
of  Organic  Chemistry,”  Interscience,  NY 
5(1951),  1-206 

ADT  and  ADV  Propellants  are  described 
in  confidential  "Propellant  Manual,” 
SPIA/M2,  Johns  Hopkins  Univ,  Silver 
Spring,  Maryland(1959)>  Unit  Nos  394  & 395 
Advance  Detonation.  In  1941,  Woodhead 
(Ref  1)  observed  that  the  velocity  of  detona- 
tion of  unconfined  columns  of  pressed 
tetryl  pellets  was  higher  by  several  hundreds 
m/sec  when  there  was  a continuous  cylindri- 
cal cavity  in  the  column.  Later  (Ref  2), 
the  same  investigator  observed  that  this 
phenomenon  takes'  place  with  HE’s  more 
sensitive  chan  TNT  (such  as  gelignite,  mix: 
tetryl/TNT,  etc)  but  is  not  observed  with 
straight  TNT.  He  also  discovered  that 


in  side  the  envity  under  these  conditions 
a luminous  shock  wave  of  fairly  const 
velocity  travels  nearly  twice  as  fast  as  the 
vel  of  deton  of  the  expl  under  test.  If  the 
cavity  is  not  blocked,  this  shock  wave 


appears  at  the  open  end  of  the  cavity  as  an 
intense  flame  having  temporarily  a higher 

i .1 _.i_  ; 1 j _ 

bpccu  uitui  wucii  in i>i uc  uic  cavity 

If  this  end  of  the  cavity  is  blocked  with 
a pellet  of  an  adequately  sensitive  expl, 
the  luminous  wave  on  striking  the  pellet 
initiates  in  it  a deton  wave  which  travels 
in  two  opposite  directions.  As  the  deton 
initiated  in  the  pellet  i s ahead  of  the  main 
deton  front,  it  is  c ailed  the  advance  detona- 
tion. The  pellet  deton  wave  which  travels 
toward  the  oncoming  main  deton  front  collides 
with  it  and  with  the  luminous  shock  wave 
of  the  cavity  producing  a sharp  increase 
in  the  brightness  of  the  flame  and  a peak 
in  the  deton  pressure 

Some  practical  applications  of  tubular 
charges  and  the  phenomenon  of  advance 
detonation  are  mentioned  in  Ref  2 
Refs:  1)D.  W.  Woodhead,  Nature  160,644 

( 1947)  2)1  bid,  183.1756-7(1959) 


“Advanced’*  Missiles.  This  term  may  be 
applied  to  missile  systems  under  develop- 
ment for  present  or  future  use.  These  missiles 
are  described  in  books  and  papers  on  rockets, 
guided  mi ssiles,  space  weapons,  missiles 


of  the  future,  etc.  See  also  R. B. Dow 
“Fundamentals  of  Advanced  Missile 
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Wiley,  NY(1958) 

Aerial  Bomb,  Atrial  Toiptdo,  etc  are  de- 
scribed in  the  following  refs: 

1) Willy  Ley,  “Bombs  and  Bombing,”  Modern 
Age  Books,  NY(l94l)  2)J.R.Newman, 
“Tools  of  War,”  Doubleday,  Doran  & Co, 
NY(  1943),  357-62  3) War  Department  Tech- 

nical Manual  TM9- 1900(  1945),  13M60 


A. .1.1  C 


to  ini ri  ate  an  explo  si ve  in  a bomb  while 
it  is  still  in  flight*  They  were  used  by  the 
Germans  during  WW  II 
Refs:  l)Dept  of  the  Army,  TM  9*1985-2 

(1953),  132,168,171  & 174-8  2)PATR 


2510(1958),  pGer  1-3 

Aerochemical  Device  for  discharging  many 
incendiary  units  simultaneously  from  a plane 
or  for  laying  down  a shower  of  a persistent 
vesicant  agent  from  die  air  was  devised  by 
F.  Short,  USP  2,4  2 2,381(1948)  & CA  42,  6117- 
18(  1948) 

“Aero*’  Cyan  amid.  A trade  name  for  the 
commercial  Ca  cyanamide  manufd  by  the 

Am  dtipj  r an  CySnSJDl-  Q) 

Aerodynamics  and  Its  Application  in  Bal- 
listics. Aerodynamics  is  the  branch  of  dy- 
namics which  studies  die  motion  of  gases, 
the  forces  acting  on  bodies  moving  through 
gases(  such  as  air),  and  the  forces  involved 
when  gases  move  past  bodies.  Aerodynamics 
is  involved  in  exterior  ballistics  and  in 
aeronautics 
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it  has  to  overcome  some  resistance,  not  only 
because  of  friction  with  the  gas  but  also 
because  some  energy  has  to  be  spent  to 
compress  the  air  immediately  in  front  of  the 
moving  projectile.  As  a result  of  this,  the 

air  immediately  behind  die  projectile  be- 
: r:  „ j tl.  — _l:. 
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sion  and  rarificarion  constitutes  the  so- 
called  “shock  waves.”  The  existence  of 
these  waves  were  unknown  until  the  French 
ballistician,  General  Moisson,  in  the  eighties, 
published  a paper  entitled  "L’ Evaluation 
de  la  resistance  de  1 ’aire,”  Another  French 

L .1 1 1 ««<••  AM  Mu  rtrt  rtirtf  o 1 Ca  fir  a rffcrl  A fl  tft  P 
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subject  of  the  resistance  of  air  and  shock 
waves(1887),  but  the  actual  proof  of  the 
existance  of  such  waves  was  produced  in 
1888  by  Mach  in  Germany,  who  photographed 
them 


Due  to  the  fact  that  Hugoniot  was  the  first 

/ t i _ _ r .i  * /■ 

iisimuj. <*lc  luc  laws  oi  luc  resistance  oi 
air  to  the  flight  of  projectiles,  he  is  gen- 
erally considered  as  the  founder  of  the 
modem  science  of  “aerodynamics.”  The 
principlesof  aerodynamics  are  also  applied 
to  aeronautics 

In  earlier  works  on  aerodynamics,  it  was 
beiievea  that  the  resistance  of  air  was  a 
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function  of  the  velocity  of  the  projectile. 

Sarrau  disproved  this  and  stated  that  the  re- 
sistance of  air  is  a function  of  a certain 
value,  now  known  as  the  "Mach  Number” 
(nombre  de  Mach,  in  French) 

Developments  in  the  science  of  aerody- 
namics since  WWI  have  been  of  consider- 
able importance  and  have  resulted  in  prac- 
tical improvements  in  the  flight  of  airplanes, 
projectiles  and  rockets 
(See  also  Aerodynamics,  Supersonic) 

Refs:  1)W.F.  Durand,  edit,  " Aero  dynamic 

Theory,”  Springer,  Berlin,  6 volumes  ( 1934- 
19  36)( Reprinted  in  1943  by  the  Durand  Re- 
printing Committee,  California  Institute 
of  Technology,  Pasadena,  Calif)  2)L. 

Gabeaud,  CR  201,  1460*  1(  19  35)(Shock  waves 
in  an  aerodynamic  field)  3) R* Sauer,  "Theo- 
retische  Einfiihrung  in  die  Gasdynamik,” 
Springer,  Berlin(  19 43), English  translation 
by  R.  A.Alpher&  F.K.Hill,  Edwards,  Bros, 

Ann  Arbor,  Mich(1947)  4)K.D. Wood,  "Tech- 

nical Aerodynamics,”  McGraw-Hill,  NY(1947) 
5)L.M.Milne- Thomson,  "Theoretical  Aerody- 
namics,” Van  No  strand,  NY(  1948)  6)A.M. 

Kuethe  & J. D. Schetzer,  "Foundations  of 
Aerodynamics,”  Wiley,  NY(  1950)  7)H. 

Hugoniot.  Works  published  in  the  eighties 
were  reprinted  in  book  form  by  the  MAF, 

Imp  rimerie  Nation  ale,  Paris(195l)  8)M. 

Salmon,  MAF  25,805* 23(  195 1)( Aerodynamics 
and  ballistics)  9)0.  W. Eschbach, edit, 

"Handbook  of  Engineering  Fundamentals,” 
Wiley,NY(1952),  "Aerodynamics,”  pp  7- 
01  to  7-128  I0)L. Gabeaud,  MAF  26,  169* 

25 2(  195 2)( Evaluation  of  aerodynamic  re- 
sistance of  projectiles)  H)M. Rauscher, 
"Introduction  to  Aeronautical  Dynamics,” 
Wiley,  NY(  1953)  12)F.I.Frahkl  & E.Kaipo- 
vich, "Gas  Dynamics  of  Thin  Bodies,”  trans- 
lated from  die  Rus,  Interscience,  NY(1953) 
13)T.  von  Karman,  "Aerodynamics,” 
ComellUnivPress,  Ithaca,  NY(1954)  14) 

E.Carafoli,  "High  Speed  Aerodynamics, 
Pergamon  Press,  NY(1956)  15)G. Mueller, 

’Introduction  to  Applied  Aerodynamics, 

US  Naval  Institute,  Annapolis,  Maryland ' 1957) 


Aerodynamics,  High  Speed.  See  Aerodynamics, 
Supersonic 

Aerodynamics  of  Propulsion  are  discussed  in 
the  following  books: 

l)D.KUchemann,  "Aerodynamics  of  Propul- 
sion," McGraw-Hill,  NY(1953)  2)E.  A 

Booney,  M.J.Zucrow  & C. W. Besserer,  "Aero- 
dynamics, Propulsion,  Structures  and  Design 
Practice,”  Van  Nostrand, NY(  1956) 
Aerodynamics,  Supersonic  (High  Speed)  is 
treated  in  the  following  refs: 

1)H. W. Sibert,  "High  Speed  Aerodynamics,” 
Prentice- Hall,  NY(1948)  2)R-Courant  & K. 
Frederichs,  "Supersonic  Flow  and  Shock 
Waves,”  Inter  science,  NY(1948)  3)  A.  Ferri, 

"Elements  of  Aerodynamics  of  Supersonic 
Flow,”  Macmillan,  NY(1949)  4)E.Miles, 
"Supersonic  Aerodynamics,  A Theoretical 
Introduction,”  McGraw-HilI,NY(  19 50)  5) 

A. E. Bonney,  "Engineering  Supersonic  Aero- 
dynamics,” McGraw-Hill, NY(  1950)  6)W.F. 

Hilton,  "High  Speed  Aerodynamics,”  Long- 
mans, Green,  NY(1951)  7)W.R. Sears, 

"General  Theory  of  High  Speed  Aerodynamics,’ 
PrincetonUnivPress,Princeton,NY(  1954) 
8)Collective,  "High  Speed  Aerodynamics  and 
Jet  Propulsion-Combustion  Processes,” 

Series  of  12  volumes, published  by  Princeton 
Univ  Press,  Princeton, NJ,  beginning  in 
1955 

Aeroelasticity.  This  subject  is  treated  in  the 
following  books: 

1) Yiian-chen  Feng,  "An  Introduction  to  the 
Theory  of  Aeroelasticity,”  Wiley,  NY(1955) 

2) R.L. Bisplinghoff  et  al,  "Aeroelasticity,” 
Addison-WesleyPubCo,  Cambridge,  Mass 
(1955) 

Aerogels  are  gels  in  which  the  Iiq  phase  has 
been  replaced  by  a gaseous  phase  in  such  a 
way  as  to  avoid  shrinkage  which  would  occur 
if  the  gel  had  been  dried  directly  from  a 
liquid  (Ref  1) 

Aerogels  of  SiOa,  AljO,,  MgO,  Sn02  and 
cellulose  were  recommended  as  ingredients 
(0.1  to  5%)  of  priming  compos,  such  as:  the 
complex  salt  ( 1: 1: 1-Pb  styphnate,  basic  Pb 
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styphnate  8c  Pb  hypophosphite)  48. 5,  tetra- 
cene  50;  idiaZndinitrophenol  7,0.  Ph  nitrate 
19.0,  ground  glass  19.0,  gum  arabic  1.0  and 
aerogel  Q.5%*  It  has  been  claimed  that  the 
addn  of  aerogels  permits  the  use  of  more 
water  in  the  compn  than  wouldotherwi.se  be 
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ients  settling  out.  It  also  increases  safety 
of  handling  and  improves  charging  charac- 
teristics (Ref  2) 

Refs:  l)R.K.Iler,  “The  Colloid  Chemistry' 

of  Silica  and  Silicates,”  Coraell-UnivPress, 
Ithaca,  NY(  1950),  152  2) W.J. Taylor,  USP 
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Aerojet  Engineering  Corporation,  Azusa, 
California  (A  subsidiary  of  Genera!  Tire^j 
Rubber  Co).  This  company  has  had  a number 
of  US  Govt  contracts,  mainly  to  develop 
rockets,  jatos,  rocket  fuels,  etc 
Aerojet  Propellants  and  Other  Substances 
prepd  by  the  Aerojet  Corp  are  described  in 
numerous  reports,  many  of  which  are  classi- 
fied.  Sorn?  of  r 6norts  a Tf*  listed 


Aeroplex  Prop  ell  ant s(qV)  (See  also  pA350) 
Aerolit  (Aerolit),  A Danish  permissible  expl 
which  had  the  following  approx  compn:  AN 
78. 1,  K nitrate  7.5,  beef  suet  2 5,  sulfur 
8.8,  sago  flour  1.3,  Mn  dioxide  1.2  and 
resin  0.6% 


Refs : i)  A. S.  Aerolit  Co,  DanP  19858,  ab- 

stracted in  SS  10,  295(1915)  2)Marshall  1, 

f 10171  30  7 
\ ~r  * > — 

Aeronautics  is  the  art  and  science  of  flying 
and  navigation  in  the  air.  The  study  includes 
not  only  the  flight  of  airplanes  but  also  of 
guided  missiles,  space  ships,  rockets,  satel- 

T ? * A A _ t?  *.1  1 Jk  mmw*  A A.  AV  at  ak«H  M at  »ak  at  iiA  S ItAysla  O 
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on  the  subj  ect: 

1)K.  F.  Lei  decker,  “Germ  an- English  Tech- 
nical Dictionary  of  Aeronautics,  Rocketry, 
Space  Navigation,”  S.F.Vanni,  NY(1950) 
2}5.Kucherov,  '‘Aeronautical  Sciences 
and  Aviation  in  the  Soviet  Union,”  A Bib- 
lim>ranhv  T.ihrarv  of  Congress.  Washinaton. 
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DC(1955)  3)W.  A.Hefflin,  edit,  “The 

United  States  Air  Force  Dictionary,”  Air 


Univ  Press,  GovtPrintingOff,  Washington, 

DC(  1956)  B?ckfordt  An  A5C  sf 

Aeronautics,”  Cassell,  London(1957)  5) 

H.  W.Liepmann  & A.  Roshko,  “Elements  of 
Gas  Dynamics,”  Wiley,  NY(1957) 

Aero  pi  ex  Propellants  are  solid  rocket  pro- 
pellants developed  and  manufd  by  the  Aero- 
jet Engineering  Corp,  Azusa,  Calif.  They 

n o t of  A f *-»  a al  * r t»«  a/I  ^ t ofall  an  A A Vl  — 

dizer  (such  as  Amm  or  K perchlorate) dis- 
persed in  a thermosetting  resinfsuch  as 
styrene,  methyl  acrylate,  etc),  acting  as  a 
fuel.  In  addition  there  are  binders  (such  as 
resins)  and  other  ingredients.  Aeropicx  pro- 
pellants differ  from  the  usual  NC  or  NC-NG 
propellants  not  only  in  physical  and  chem- 
ical properties,  but  also  in  their  methods 
of  manuf 

Refs : 1)  Aero  jet  Rep  t 336(1948),  “Investi- 

gation of  Aeroplex  Propellants  and  Metal 

^ f_  . n ^ D_  „L  > / t?!  . ^1 
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Summary)  2) Aerojet  Rept  410(1949),  “Basic 
Development  of  the  Aeroplex  Propellants  and 
Associated  Rocket  Design  and  Production” 
(Volumes  1, 2 and  3)  3)  Warren(  1958),  11  . 

Note:  In  addition  to  the  above  unclassified 
Aerojet  reports  there  are  many  classified 
reports,  such  as  Nos  426,444,462,475,  etc 
dealing  with  Aeroplex  propellants 

A good  description  of  the  prepn  of  a typical 
Aeroplex  Propellant,  including  a flow-sheet 
diagram,  is  given  in  the  confidential  report 
of  the  7th  Joint  Army-Navy- Air  Force  Meet- 
ing on  Solid  Propellants 

Aerosois  are  coiioiaai  systems  with  gas(air) 
as  surrounding  medium.  Eg: smoke,  fog  or 
mist.  Smoke  is  used  in  chemical  warfare,  as 
in  shells  and  for  producing  smoke  screens. 

The  term  aerosol  is  also  applied  to  some  forms 
of  detergent Sj  emulsifiers  and  wetting  agents. 

A generator  for  producing  aerosols,  smokes, 

frs  rr  c on  ^ 1 nupro  rt  f it  A Q xxf  a Q rl  V 
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in  France(Ref  3) 

One  of  the  substances  which  is  used  as  an 
aerosol  is  dichlorodifluoromethane.  It  first 
made  its  appearance  during  WWII  in  the 
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so-called  "bug- bombs,”  used  extensively 
by  the  Armed  F ore es( Ref  4) 

Industrial  uses  of  aerosols  include  aero- 
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tinguishers  and  paints.  Herzka  & Pickthal 
(Ref  5)  describe  aerosol  propellants,  con- 
tainers, valves,  filling  methods,  lab  pro- 
cedures, emulsified  systems,  etc 
Refs:  1) Webster* s New  Collegiate  Dic- 

tionary, Merriam  Co,  Springfield,  Mass 

/irh<?\  1C  'YiTl  1 iwrtxn  O.  LI  17  Cf-Vnti. 
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manis,  "A  Short  Textbook  of  Colloid  Chem- 
istry,” Wiley, NY(  1954), 389  3)G.Reure  & 
Frangois'-Gilbert,  FrP  1,070,458  (1954)  & 
MP  38,401-8(1956)  4)Faith,  Keyes  & 

Clark(  1957),  319  5)A.Herzk a & J. Pickthal, 
"Pressurized  P ackaging( Aerosols),**  Ac- 

n yJ  am  * /i  D »a  a a XT\i^ / 1 CO\ 
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Aetna  Explosives  Company  was  organized 
before  WWI  by  the  consolidation  of  several 
smaller  companies  including  Aetna  Powder 
Co(organized  in  1880), Key  stone,  National 
Brewester,  etc.  Then  in  1921,  the  Aetna 
Explosives  Co  was  sold  to  the  Hercules 

T* J W7'1  T^l 
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Ref:  Van  Gelder  & Schlattei(  19 27), 541 
apv  PrcpeHontis  described  in  confidential 
"Propellant  Manual,’*  SPIA/M2,  Johns 
Hopkins  Univ,  Silver  Spring,  Maryland(  1959), 
Unit  No  396  (Corf) 

Affusto  (Ital);  AHut  (Fr);  Afuste  (Span). 

Gun  carriage;  mount 

AHut  ouTomoteur  (Fr).  Self-propelled  mount- 
A to  si  to.  A black  powder  type  blasting  expl : 
AN  58-62,  K nitrate  28-31,  carbon  7*9  & 

oi.l  A. « -»  iw 
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Ref:  Belgrano(  19 52), 17 4 

Afror  Tyna  Powder.  One  of  the  older  Brit 

"permitted**  expls:  NG  + NGc  9,  AN58, 

MNN  1,  wood  meal  9,  NaQ  22  & water  1%. 

It  passed  the  Buxton  gallery  test  and  its 
swing  was  2.52,”  vs  3.27"  for  Gelignite 

/ T'»  a J..K  .«  oa/1  no  n 
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Ref:  Marshall  3(1932),  120 

AU.p.CLm*  / AT70\  RirKM  iriTr#»sti- 
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gated  die  duration  of  a flame  by  firing 
expls  at  night  and  photographing  the  flame 


through  a quartz  lens  on  a moving  film.  He 
found  in  aii  cases  that  me  flame  outlasted 
the  time  of  deton  and  named  the  ratio:  dura- 
tion of  deton  to  duration  of  flame  the  "after- 
flarae”  ratio.  Experiments  with  100  g cart- 
ridges of  30  mm  diam  showed  that  safety  ex- 
plosives had  a very  short  flame  duration  and 
consequently  a high  AFR.  For  instance, 
Ammon- Carbonlte  had  an  AFR  of  1/7.4  vs 
1/883  *or  blasting  gelatin,  1/660  for  75% 
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Ref:  Bamett(1919),118-9 
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mixt  after  nitration  (consisting  of  NG  + 
spent  acid)  is  transferred  to  a lead  tank 
(separator)  and  allowed  to  stand  so  that  the 
lighter  NG  may  rise  to  the  surface.  After  re- 
moving the  acid  through  a stopcock  in  the 
bottom  of  the  tank,  the  NG  oil  (or  NG  + NGc) 

1 a 1a  AM  tf-yirtlr  tt4i  »r  A 1 t > C TOO  cK 

1 J 1U11  tv  OUUUIV1  Hftin  IV  » w 1.  WV* 

with  NajCOj  so  In  and  then  with  water.  The 
oil  is  then  sent  to  a store-house  where  it  is 
given  further  washing.  Prior  to  the  days  of 
efficient  refrigeration  equipment  and  prior 
to  the  use  of  "separating  compounds*^  qv), 
the  spent  acid  still  contained  an  appreciable 

^ .f  vr  *t-_  - a JJIaIa.  a!  XT ^ J.  A 
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operation  of  separation  was  repeated  by 
allowing  the  scent  acid  to  stand  for  2-3  days. 

- - c?  - X * ■ - - - * 

This  was  done  not  only  to  recover  as  much 
of  the  NG  as  possible  for  economic  reasons, 
but  also  to  reduce  the  NG  content  of  the 
spent  acid  below  the  point  where  subsequent 
operations  would  be  hazardous.  This  second 
separation  was  called  "after- separation.’* 

It  was  conducted  in  a lead  tank  (Nachscheider 
in  Ger)  similar  to  the  first  separator.  The  NG 
which  floated  to  the  top  in  the  after-separa- 
tion was  skimmed  off.  The  spent  acid  was 
then  run  to  another  building  where  it  was 
denitrated  with  steam 

Refs:  l)Mar  shall  1(1917),  211  2)Bamett 

/ in  i r\\  -i  t 
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AFU  P ropeHant  is  described  in  confidential 
"ProDellant Manual. ” SPIA/M2.  Tohns  Hopkins 
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Univ,  Silver  Spring,  Maryland(  1959),Unit  No 
397 
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Agar-  Agar  (Japanese  Gelatin).  A yel-white 
mucilaginous  substance  (hydrophilic  poly- 
saccharide) extracted  from  some  marine 
algaeor  sea  weeds.  It  is  insol  in  cold  water 
but  sol  in  hot  w,  after  previous  slow  swelling 
(Ref  2).  Its  aq  soln  (hydrosol)  cannot  be 
easily  coagulated  by  salts  (Ref  3) 

Agar-agar  is  used  for  the  prepn  of  glue, 
as  a culture  medium  and  as  a binding  agent 
in  some  propellant  and  expl  compositions 
(Ref  1) 

Refs:  l)Daniel(1902),  6 & 361  2)Hackh 

(1944),  22-23)  3)B.  Jirgenson  & M.E. 

Straumanis,  "A  Short  Textbook  of  Colloid 
Chemistry,”  Wiley  (1954),  P 331  4)1. Mi 2- 

ukoshi,  JapP  6183(1954  & CA  50,209  3(19  56) 

(Manuf  of  agar-agar) 

Agar-Agar  In  Analytical  Chemistry.  Accord- 
ing to  E.J. Bogan  & H.V.Moyer,  IEC,  Anal 
Ed  14,849-50(1942)  & CA  37,575(1943),  agar 
agar  may  be  used  as  a coagulant  for  BaS04 
in  detn  of  sulfur  or  $04  by  pptn  with  BaClj 
Agar-Agar  Substitutes  can  be  obtained  from 
floridean(red  algae)  starches 
Ref:  H.JCirschnick,  Sei fen-01  e-Fette- Wachse, 
82,39-41(1956)(Review  with  16  refs) 

Agave.  An  American  aloe  of  the  order  Am- 
aryllidaceae,  widely  cultivated  in  Mexico 
and  Central  America  for  its  juice,  which  is 
used  to  make  an  alcoholic  beverage  called 
"pulque.”  The  residual  fibrous  cellulosic 
material,  after  expressing  the  juice,  is  suit- 
able for  the  prepQ  of  cloths,  cords,  nets, 
etc.  In  addition  there  is  a green  waste  ma- 
terial usually  used  for  fuel  and  as  a diuretic 
(Ref  3),  but  which  can  be  dried  and  nitrated 
to  yield  nitro agave,  an  explosive  similar 
to  NC.  The  use  of  nitroagave  in  expls  was 
patented  by  Trench,  Faure  and  Mackie 
(Refs  1 & 2).  The  proposed  mixt  contained 
nitroagave,  NC( dissolved  in  a volatile 
solvent),  resin,  ozocerite,  charcoal  or 
soot  and  glycerin 

Refs:  l)BritP  2,742(1876)  2)Daniel 

(1902),773(under  Trench)  3)Hackh(  1944), 

23 

AGB  (American  Glycerin  Bomb)  is  a time 


bomb  used  for  blasting  of  shallow  wells. 

A brief  description  is  given  in  Blaster’s 
Handbook(  1952),449_50.  The  bomb  is  also 
mentioned  by  Cook(  1958), 280 
Aged  Propellants,  Solubilities.  Solubilities 
of  some  aged  gun  propellants  were  recently 
detd  by  P.E. Gagnon  et  al  and  reported  in 
TM  229/  59  of  ARDE,  Canada(l959) 

Ageing  (Aging)  of  Dynamites.  The  term  age- 
ing is  applied  to  the  total  physical  changes 
which  dynamites  undergo  on  storage  in  the 
course  of  time.  With  some  dyn ami tes( such  as 
gelatin  dynamites)  as  little  as  3 months 
storage,  even  at  ambient  temp,  is  sufficient 
to  reduce  the  sensitivity  to  explosion  by  in- 
fluence as  measured  by  the  gap  test.  This 
decrease  in  sensitivity  might  cause  mis- 
fires of  charges  in  bore-holes  and  for  this 
reason  the  problem  of  ageing  is  of  great 
importance 

The  problem  of  ageing  has  been  studied 
by  many  investigators  and  by  such  organiza- 
tions as  the  US  Bureau  of  Mines.  The  com- 
position of  dynamite  is  an  important  factor 
in  ageing.  Sawdust  and  woodpulp  are  hy- 
groscopic and  as  they  absorb  moisture  their 
absorbancy  is  reduced  resulting  in  exuda- 
tion of  part  of  the  NG.  AN  is  also  hygro- 
scopic and  its  crystallographic  form  is  al- 
ter ed(  see  under  Ammonium  Nitrate)  result- 
ing in  changes  in  particle  size  and  setting 
up  with  loss  of  sensitivity.  Tamping  thus 
becomes  more  difficult 

The  above  discussion  applies  to  "straight* 
(non-gelarinized)  dynamites,  but  the  greatest 
changes  on  ageing  take  place  in  the  gelatin- 
dynamites,  as  was  shown  by  tests  conducted 
at  the  US  Bureau  of  Mines(Ref  3).  Accord- 
ing to  these  tests  the  decrease  in  the  veloc- 
ity of  detonation  and  of  sensitiveness  to  ex- 
plosion by  influence  of  gelatin-dynamites 
proceeds  more  rapidly  the  smaller  the  di- 
ameter of  the  cartridge  and  the  higher  the 
percentage  of  explosive  oil.  For  instance, 
low- free  zing  60%  gelatin- dynamites  aged 
more  rapidly  than  the  corresponding  40% 
gel  ati  n-  dy  nami  te  s 
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If  dynamite  is  aged  too  long,  it  may  be- 
come  so  in  sensitive  that  it  will  bum  in 
the  bore-hole  instead  of  detonating.  This 
is  very  undesirable  (in  addition  to  die 
economics  involved)  because  burning  dyna- 
mite usually  gives  off  large  quantities  o f 
nitrogen  oxides,  which  are  very  poisonous 
even  in  small  quantities.  The  "misfire”  of 

cm  ggl StiG’dyn gfp. I tC  ijjay  Kp  pfpyprt  JpH 

if  the  charge  is  well  tamped.  This  is  be- 
cause good  confinement  insures  better  and 
more  complete  detonation  (Ref  3) 

It  should  be  noted  here  that  occasionally 
gelatin  dynamites  stored  under  conditions 
of  excessive  humidity  may  leak  NG  due 
to  partial  pptn  of  die  NC  from  the  NC-NG 
colloid.  Such  dynamites  are  very  sensitive 
and  hazardous  to  handle  (Ref  6) 

According  to  Dr  I.  A.Grageroff,  formerly 
of  the  Apache  Powder  Go,  Benson,  Arizona 
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ville,  Pennsylvania,  the  decreased  sensi- 
tiveness to  explosion  by  influence  of  aged 
gelatin-dynamites  may  be  returned  close 
to  initial  values  ("rejuvenated”)  by  pro- 
longed rolling  of  the  cartridges  on  a flat 
surface(Ref  5).  Many  miners  are  familiar 
nri  *V>  ♦■Vil  o rtf  ’ ’rfM  ii  vpn  at  inn  ’ * n f ael  atin- 
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the  causes  of  the  ageing  of  gelatin- dynamites. 
The  first  theory,  called  die  "air-bubble 
theory”  (Luftblasentheorie  in  Ger),  attrib- 
utes ageing  to  the  disappearance  of  air 
bubbles,  normally  present  in  freshly  prepd 

gelatins.  The  second  theory,  proposed  by 
m a u ™ tr.. 
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plosives  in  South  Australia,  states  chat  a 
gel atin- dynamite  has  a webbed  structure 
which  does  not  possess  sufficient  sensitive- 
ness unless  there  is  a considerable  amount 
of  free  iiquid  NG  between  the  webs.  As  soon 
as  thi s liquid  NG  di sapp ears  (either  by  th e 
formation  of  a gel  with  NC  or  by  segrega- 
tion, followed  sometimes  by  exudation)  the 
explosive  becomes  insensitive.  In  the  opin- 
ion of  Hargreaves(Refs  1 & 2),  the  gelatin 
is  best  prepd  by  first  mixing  die  NC 


thoroughly  in  the  cold  with  part  of  the  NG 
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rest  of  the  NG.  He  claimed  that  in  this  way 
some  NG  remained  ungelatinized  and  the 
resulting  gel  atin- dynamite  was  less  liable 
to  age  quickly 

Dr  J. Mayer  of  Viila  Maria,  Argentina, dis- 
cusses both  die  above  theories  and  seems  to 
favor  the  second  onefRef  41 

■ V — - »/ 

The  following  conclusions  cited  by  Dr  M 
are  in  agreement  with  Hargreaves'  theory: 
a)  Gel  atin- dynamites  contg  NG  and  soluble 
(low  nitrogen  content)  NC  age  faster  than 
those  contg  either  partially  soluble  or  com- 
pletely insol  NC  As  an  example  Dr  M cites 
"Meganit”  prepd  with  insol  NC.  This  ex- 
plosive shows  practically  no  ageing  on  long 
storage  b)As  NC  deteriorates  slowly  in 
storage,  io sing  part  of  its  nitrogen , solubil- 
ity in  NG  increases,  thus  "binding”  more  of 

- ^ c i ■ * _ 
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results  in  a decrease  in  sensitiveness  c) 
Substitution  of  part  or  all  of  die  NG  by  a 
better  gelatinizer  for  NC(such  as  NGc)  re- 
sults in  a more  rapid  decrease  in  sensitive- 
ness than  the  corresponding  NG  gelatin- 
dynamites 

W/j/g;  T j should  be  no tfid  thsc  NGc  is  much 


more  volatile  than  NG  and  some  of  the  age- 
ing might  be  caused  by  the  loss  of  some  NGc 
by  evaporation 

d) Storing  of  gelatin-dynamite  in  hot  climates 
causes  faster  ageing.  Tliismay  be  partly  due 
to  an  increase  of  solubility  of  the  NC  in  the 
NG  or  NGc  and  Dartlv  to  evannratinn  of  NG 

a j r — ~ ’ “ 

or  NGc  e)Dynamites  contg  free  NG  and  no 
soluble  NC(such  as  straight  dynamites,  am- 
monia dynamites,  etc)  show  practically  no  age- 
ing effects  f)Gel atin-dynamites  which  con- 

tain, in.  addition  to  NC  and  NG  or  NG  + NGc, 

some  other  HE’s,  which  are  gelatinizers  for  NC, 
c'ns'k  ^ p-imt  t\tt c - . *.i _ 
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NC,  explosive  oils  and  a non-gelatinizing 
HF/such  as  PETN  or  RDX) 

Note : Dr  M recommends  incorporation  of 
15*20%  RDX  in  formulations  of  gelatin- 
dynamites  as  one  way  to  prevent  rapid 
ageing,  especially  in  hot  climates 
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This  discussion  includes  only  a part  of 
the  experimental  work  conducted  by  Dr  Mayer, 
for  the  remainder  see  his  papei(Ref  4) 

Author* s Note:  If  Hargreave’s  theory  is 
valid  and  the  "air-bubble  theory”  is  wrong, 
what  is  the  explanation  for  the  fact  that 
aged  gel  a tin- dynamites  can  be  ’’rejuvenated” 
by  prolonged  rolling  of  the  cartridges  on  a 
flat  surface  as  was  reported  by  I. A-Grager- 
off.  It  seems  that  each  theory  may  be  partly 
right  (See  also  Stettbacher,  Explosivst  1954,  44) 
Refs:  l)W.A,Hargreaves,JSGI  33,337-40 

(1914)  2)M ar shall  1(19 17),  365  & 368  3) 

SP. Howell  & J.  E.Crawshaw,US  Bureau  of 
Mines  Rept  of  Invest  No  2436(1922)  4)J. 

Mayer,  Explosivst  1953,  39*41  5)DrI.A, 
Grageroff,  New  York, NY;  private  communica- 
tion 6)M.M.Inskeep,PicArsn,  Dover,  NJ; 
private  communication 
Ageing  of  Mine  Explosives  Containing  Am- 
monium Nitrate  and  Chlorides  was  studied 
recently  in  Belgium.  The  results  are  re- 
ported in  Ref.  The  authors  attribute  ageing 
of  explosives  oontg  AN  andNaCl  partly  to 
ionic  exchange  from  NH4NO,  + NaCl  to 
NH4C1  + NaN03  and  partly  to  a change  in 
particle  size  as  a result  of  the  ionic  ex- 
change 

Ref:  A.Kreyenbuhl  & R. Sartorius,  Industrie 
Chimique  Beige  20,  Special  Number,  pp247- 
57(  19 55)  & C A 50, 1745 1*  2(  19  56) 

Ageing  (Aging)  of  Propellants.  This  term 

is  very  loosely  used,  meaning  deterioration 
or  degradation  in  storage  and  sometimes 
improvement  of  physical,  chemical  and 
ballistic  props  which  takeplace  directly 
after  preparation  of  the  propellant 

When  cannon  or  rocket  propellant  grains 
prepd  by  extrusion  are  allowed  to  stand 
for  several  days  to  relieve  strains  or  to 
improve  gelatinization  in  these  grains,  it 
is  referred  in  the  US  as'agingl'  On  the  other 
hand, when  some  propellants  are  ’’annealed” 
at  14D°F  in  order  to  relieve  stresses  from 
the  grains  the  process  is  not  called  aging 
but  'cwftngl'  The  term  aging  is  also  used 
when  a propellant  is  subjected  to  storage 


for  some  time  in  order  to  detect  any  changes 
in  its  compn  or  ballistic  props.  This  is  ac- 
tually a test  for  degradation  or  deterioration 
of  the  propellant  (qv) 

In  GtBritain  the  term  ’’ageing”  has  been 
used  for  the  procedure  which  involves  storing 
the  previously  dried  (at  about  50^  propellant 
grains  in  a humid  atm  for  one  to  two  months 
to  rai  se  the  moi  st  content  of  the  grains  to 
the  desired  level.  This  is  necessary  because 
the  drying  treatment  to  remove  the  excess  of 
volatiles  results  in  a coo  low  moisture  con- 
tent. A propellant  not  subjected  to  ’’ageing” 
would  absorb  moisture  ununi forml yin  storage 
and  give  erratic  ballistics.  In  case  of  nec- 
essity the  propellant  might  be  ’’aged”  rapidly 
by  exposing  the  grains  for  a few  hrs  to  a 
hot  moist  atm.  Thi s ’’artificial”  method  of 
"ageing”  was  claimed  to  be  less  satis- 
factory than  the  "natural”  method 
Refs:  l)V.N.Hicks,H.J.Frigand  & J.Lemer, 

PicArsn;  private  communication  2)Marshall 
1(19 17), 325  3)Bamett(1919),  84 

Agesid  2-  One  of  the  Ger  pre-WWI  dynamites. 
It  is  described  in  PATR  2510(1958),  p Ger  3 
Agfa.  Abbr  for  the  ’’Aktienge sell  shaft  fur 
Anilinfarben,”  a Ger  firm  which  manuf  dyes, 
fine  chamicals,  photographic  films,  reagents, 
etc 

Agglantlve  (Ital).  Augmenting  (charge  for 
mortar  or  subsidiary  artillery  charge) 
Agglutinant.  Same  as  Binder 
Aging  of  Dynamites.  See  Ageing  of  Dyna- 
mi  ces 

Aging  of  Propellants  in  Storage.  See  De- 
terioration (Aging)  of  Propellants  in  Storage 
Agitation.  See  Stirring  and  Agitation 
AG  J and  AGK  Propellants  are  described  in 
confidentail  ’’Propellant  Manual,”  SPIA/M2, 
Johns  Hopkins  Univ,  Silver  Spring,  Mary- 
Iand(  19 59),  Unit  Nos  398  & 399 
Agriculture  and  Forestry  Uses  of  Explo- 
sives. One  of  the  greatest  of  peacetime 
usages  of  expls  is  for  agricultural  purposes 
According  to  Cottenet(Ref  4,p  6)  expls 
used  in  agriculture  should  possess  the 
following  properties:  a) Fairly  high  brisance 
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and  power  b)Insensitivity  to  ordinary  shocks 
and  flame  c)Good  resistance  to  humidity 

d)Its  residue  after  explosion  should  be  of 
value  as  a fertilizer  e)Its  cost  should  be 
very  low 

The  most  suitable  expls  for  agriculture 
are  the  AN  expls,  such  as  coal  mine  per- 
missible expls.  Aromatic  nitrocompds  and 
some  dynamites  are  not  as  suitable  as  AN 
expls  but  can  be  used.  Expls  contg  chlor- 
ates and  perchlorates  are  not  suitable  for 
most  agricultural  purposes  because  they 
develop  poisonous  gases.  Chlorate  and 
perchlorate  explosives  may  be  used,  however, 
for  clearing  passes  through  jungles  and 
forests  and  for  the  destruction  of  grasses 
and  weeds  in  vegetable  gardens  and  along 
railroads  and  highways 

Following  are  the  principal  uses  of  expls 
in  agriculture  and  forestry: 

a) Pl anting  of  trees.  This  is  usually  done  in 
dry  hard  ground  where  digging  is  difficult. 

For  this  purpose,  narrow  holes,  about  30" 
deep  are  drilled  in  the  ground  and  expl 
charges,  % to  % lb,  are  fired.  This  not  only 
enlarges  the  hole  but  loosens  the  surround- 
ing soil  so  thoroughly  that  when  a young 
tree  is  planted  its  root  growth  is  greatly 
facilitated  (Refs  1 & 3;  Ref  4,  pp  43*54) 

b) Cl earing  the  land  of  stumps.  This  is 
usually  done  by  firing  an  explosive  directly 
in  the  woody  root  of  the  stump.  This  shatters 
the  stump  and  blows  it  out.  If  it  is.  desired 

to  remove  the  stump  intact(as  for  instance 
in  the  case  of  stumps  contg  valuable  sub- 
stance s(  such  as  turpentine  or  resins)  the 
charges  are  placed  under  the  roots  of  the 
stump  (Refs  1,2  & 3;  Ref  4,  pp  70-78) 

c) Clearing  the  land  of  stores.  This  may  be 
done,  in  the  case  of  small  stones,  by  ex- 
ploding the  charge  under  the  stone.  This 
method  dislodges  the  stone  and  makes  it 
easier  to  remove.  In  the  case  of  larger 
stones  (boulders),  one  or  several  charges 
of  expi  are  placed  on  top  or  on  the  sides 
of  the  boulder.  Each  charge  is  covered 

by  a thick  layer  of  mud,  clay  or  plaster 
and  for  this  reason  the  method  is  called 


mudcapping  or  plaster  shooting.  This  method* 
also  called  adobe  shooting,  breaks  the  boulder 
into  smaller  pieces  which  are  more  conven- 
iently handled.  The  same  purpose  may  be 
achieved  by  placing  on  a boulder  one  or  sev- 
eral ’’shaped”  charges.  In  some  cases  a 
boulder  may  be  broken  by  exploding  a length 
of  detonating  cord  (eg,  one  filled  with  de- 
sensitized P ETN)  wound  several  times  around 
the  boulder  and  then  mudcapped(Ref  2 & 

Ref  4,  pp  55-63).  See  also  Ref  3a 

d) Converting  rocky  ground  into  tillable  land. 
This  may  be  accomplished  by  drilling  holes 
in  various  parts  of  the  rocky  ground  and  ex- 
ploding charges  of  brisant  and  powerful  expls. 
For  more  information  on  this  subject  see  Ref  4, 
63*66 

e) Levelling  ground  to  make  it  tillable.  This 
is  done  by  exploding  charges  of  yarious 
strengths  in  holes  drilled  horizontally  and 
vertically  in  high  spots  of  the  ground  (Ref  4, 

PP  67*70) 

f)  Digging  ditches.  This  may  be  done  by  punch- 
ing, with  the  aid  of  an  iron  bar,  a series  of 
holes  spaced  18  to  24"  and  in  the  line  of  the 
desired  ditch.  After  placing  one  or  more  cart- 
ridges of  expl  in  each  hole  and  placing  sev- 
eral extra  cartridges  in  the  center  hole,  the 
setup  is  fired  by  means  of  a cap  placed  in 
the  center  charge.  This  method  of  firing  is 
called  the  propagation  method  and  is  suitable 
only  for  very  wet  ground  which  is  free  of  sand. 
In  cases  of  dry  or  sandy  ground,  the  above 
method  does  not  work  and  it  is  necessary  to 
fire  the  charges  simultaneously  by  means  of 
electric  blasting  caps  placed  in  each  charge 
(Refs  2 & 3) 

g)  Drain  age  of  ground  (such  as  in  swamps, 
etc).  This  may  be  done  either  by  digging 
well s( vertical  drainage)  or  by  digging  drain- 
ing ditches  (horizontal  drainage).  Both  methods 
are  described  in  Ref  4 PP  89-93 

h) Controlling  erosion.  In  rolling  country,  such 
as  in  Georgia  and  the  Carolinas,  this  may  be 
done  by  firing  charges  of  dynamite  in  the 
soil  in  order  to  loosen  in  As  a result,  the 
waters  from  heavy  rainfalls  would  soak  into 
theground  insteadof  running  off  rapidly  and 
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carrying  away  the  top  soil(Ref  2,  p 41) 

i) Other  agricultural  uses  of  explosives  in- 
clude: diversion  of  the  courses  of  water 
streams(Ref  4,  pp  96-7);  digging  of  wells 
(Ref  4,  pp  100-101);  digging  of  ponds  for 
watering  cattle(Ref  4,pp  100-101)  and  in 
other  rural  construction  (Ref  4,pp  97-100) 

j)  Forestry  uses  of  explosives.  These  uses 
are  much  the  same  as  those  for  agricul- 
tural purposes:  eg,  removing  trees  or  tree 
stumps,  etc,  described  in  Ref  4,pp  94-96. 
Other  forest  uses  of  explosives  are  the 
construction  of  roads  through  forests  and 
lumber  camps(Ref  3.  P 38)  and  stripping 

of  bark  from  trees.  This  latter  is  often  nec- 
essary for  the  control  of  insect  pests.  For 
this  work  detonating  cord  (cordeau)  is 
merely  wrapped  about  the  trunk  of  the  tree 
and  fired  with  a detonating  cap.  The  stripped 
bark  is  then  removed  and  burned,  together 
with  the  insect  pests  (Ref  2,  p 400) 

Re/s:  l)Daniel(  190  2), 6-7  2)Meyer(  1943), 

398-40  0 3) J • J < Berliner  & Staff,  840  Broad- 

way,NY  3,  Pamphlet  No  592  entitled 
"Explosives”  (no  date),  pp  39-41  3a)J. 

Taylor,  1 'Detonation  in  Condensed  Explos- 
ives,M Clarendon  Press,  Oxford  (1952)  p 22 
4)  Jean  Cottenet,  "Les  Exp  Iosifs  au  Service 
de  1’ Agriculture,  ” La  Maison  Rustique, 

P ari  s ( 19  56)(  10  4 pp) 

A- Gun.  Same  as  Atomic  Gun 
A- Gun  Shell.  Same  as  Atomic  Gun  Shell 
AHH  Propellent  is  described  in  confidential 
"Propellant  Manual,”  SPIA/M2,  Johns  Hop- 
kins Univ,  Silver  Spring,  Mary] and(  1959), 

Unit  No  400 

Aimable  Cluster.  This  consists  of  a number 
of  incendiary  bombs  held  in  a single  con- 
tainer. When  dropped  from  a plane,  at  a high 
altitude,  the  container  opens  a few  thousand 
feet  above  the  ground  and  allows  the  bombs 
to  scatter  over  an  area.  For  this  reason  it  is 
called  the  delay  opening  type,  and  is  distin- 
guished from  the  quick-open  ing  or  short-delay 
type,  which  opens  and  scatters  the  bombs 
almost  immedi ately  below  the  airplane.  As 
the  parts  from  the  quick-opening  clusters 
constituted  a major  hazard  to  the  planes 


which  followed  in  formation  flights,  the 
USAF,  after  1942,required  the  use  of  aimable 
clusters 

Ref:  W.  A.Noyes,  Jr  edit,  "Science  in  World 
War  II,”  Office  of  Scientific  Research  and  De- 
velopment, Chemistry,  Little,  Brown  & Co, 
Boston(l948),  395-6 

Air  Analysis  aid  Air  Sampling.  The  air  of 

many  explosives,  chemical  and  ammunition 
plants  is  frequently  contaminated  with  im- 
purities which  may  be  gases,  mists,  vapors 
of  volatile  solvents  or  High  expls,  dusts  of 
high  expls  or  other  materials,  etc.  As  most 
of  these  impuriti es  are  more  or  less  toxic, 
it  is  necessary  to  insure  that  they  are  never 
in  excess  of  the  amts  considered  safe  by 
the  health  authorities  for  breathing  by 
human  beings 

For  this  reason  analysis  of  plant  air  is 
of  the  utmost  importance.  Air  analysis  is 
also  necessary  for  the  detection  of  leaks  or 
other  abnormal  conditions  of  manuf 

Two  general  methods  for  testing  air  im- 
purities are  in  use.  One  involves  direct- 
reading  instruments  (such  as  thermal  indi- 
cators, test  paper  indicators  and  other 
devices  described  in  Ref  16,  pp  245“ 53), 
the  other  involves  removal  of  the  impurity 
from  a given  vol  of  air  and  determination 
of  the  impurity  by  a suitable  lab  method. 

The  second  method  is  more  reliable 

The  simplest  and  most  widely  used  method 
of  air  sampling  is  to  pass  a continuous 
stream  of  air,  by  means  of  a pump  or  a suc- 
tion bottle,  from  a fixed  spot  in  bldg  through 
a volume-measuring  device  connected  to  a 
series  of  two  or  three  bubble  bottles  contg 
a solvent  for  the  impurity  to  be  removed  from 
the  air  (Ref  16,  pp  260-64).  Instead  of  these 
devices,  U-tubes  filled  with  absorbers,  such 
as  activated  charcoal,  or  silica  gel  may  be 
used  (Ref  16,  264-7).  Sampling  is  followed 
by  testing  the  removed  impurity  by  colori- 
metric or  other  methods.  For  instance, 
either  TNT  or  tetryi  produce  a red  colora- 
tion in  the  presence  of  NaOH,  whereas  DNT 
gives  a blue  color 

Dusts,  especially  those  insol  in  common 
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solvents,  can  be  evaluated  by  passing  a 
measured  vol  of  air  through  tared  filters 
(paper,  asbestos  mat  or  sintered  glass)  as 
described  in  Ref  16,  pp  255"6.  Collection 
of  dusts  can  also  be  made  by  an  electro- 
static method  (application  of  the  Cottrell 
precipitator  principle)(  Ref  16,  pp  256*7) 
or  by  an  impinger  (a  device  for  collecting 

J.<  #.»  m ap*  + of  ti  i ok i vtiol  rt  r*i  t\T 
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against  a glass  surface,  followed  by  en- 
trapment in  water  or  other  suitable  liquids). 
Two  types  of  devices,  the  "standard” 
impinger  and  the  "midget”  impinger  are 
described  in  Ref  16,  pp  257-60 

Sometimes  "grab  samples”  of  the  air 
are  taken  in  suitable  glass  containers 
(sizes  up  2500  ml)  and  transferred  to  die 
| ok  ♦*  a voiy) | ft [jut  this  fn tthod  is 
not  as  satisfactory  as  the  continuous 
sampling  briefly  described  above 

In  testing  the  atmosphere  of  various 
buildings  of  a plant  manufg  expls  (as  for 
instance  TNT),  it  is  necessary  to  det  one 
or  two  ingredients,  characteristic  of  each 
bldg.  For  instance,  in  the  so-called  "tri- 
house,” it  is  necessary  to  know  the  concn 
in  sir  of  extremely  toxic  T cN M,  It  is  sj so 
desirable  to  know  die  concn  of  TNT.  In  the 
bldg  where  nitric  acid  is  recovered  from 
the  mono- waste  acid,  it  is  desirable  to 
know  the  content  of  TeNM  and  of  nitrogen 
oxides.  In  the  bldg  where  spent  sulfuric 
acid  is  concentrated  by  passing  hot  gases, 
of  burning  petroleum  through  the  acid,  it 
is  desirable  to  know  the  content  of  S03 
in  the  air 

Some  of  the  analyses  are  described  in 
the  refs  listed  below,  others  are  given 
under  the  descriptions  of  manuf  of  indi- 
vidual expls 

Refs:  1)0. Marti enssen,  BritP  237,930 

(1924)  & CA  20r1732(  19 26)(  Apparatus 
contg  an  electrically  heated  cataiyst 
which  glows  more  brightly  if  combustible 

Of  explosive  gaiScS  Sf€  pTcSCut  ifl  ths  Sir) 

2)H.  F.  Gbrlacher,  Chem  Fabrik  1935, 

320  to  CA  29.  7077(  193 Add aratus  u sins 


a thermocouple  for  detecting  expl  gases  and 
vapors  in  air)  3)J.S.Haldane  & J. I. Graham, 
"Methodsof  Air  Analysis,”  Griffin,  London 
(1935)  4)W.Deckert&  B.Prathithavanij a, 
ZAnalChem  113,182-9(1938)  & CA  32,7858 
( 19 38)( Colorimetric  procedure  using  dimethyi- 
aniiine  for  detg  smail  quantities  of  cnioro- 
picrin  in  air,  water,  etc)  5)LS.Shereshev- 
~Lr*'r~  D.nn.nri.VKIm  £ <OT.  1MO  S,  T A 

* *vmv»yw4*m  \J9  jy  i,  -I \±sjyj  t-*-  w-f, 

50  17(  1940)  (Detn  of  small  quantities  of  aro- 
matic nitrocompds  in  air  using  colorimetric 
and  nephelometric  methods)  6)J. B. Ficklen, 
"Manual  of  Industrial  Health  Hazards,” 
Service  to  Industry,  West  Hartford,  Connecticut 
( 1940)(Included  are  methods  for  detn  of  over 
90  noxious  Vapors,  gases  and  dusts)  7)rC 
Kay,  Can  J Res  196,86-9(1941)  & CA  35,3562 

( 10,41V  Analvsi  s of  air  for  the  presence  of 
TNT  is  conducted  by  drawing  the  air  from 
one  point  in  the  room  through  two  sintered 
glass  bubbling  tubes  setup  in  series  and 
contg  ca  150  ml  acetone,  at  a rate  of  0.5 
I/sec,  for  a period  about  1 hr.  After  a 
partial  concn  of  acetonic  soln  by  evapn  at 
temp  beiow  8 2°,  the  voi  of  concentrate  is 
measured  and  1 ml  is  withdrawn  for  test. 
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to  1 ml  of  concentrate,  the  resulting  red 
coloration  is  compared  with  standards 
prepd  by  dissolving  known  amts  of  TNT 
in  measured  vols  of  acetone)  8)W. F. 
Oettinger,  USPublicHealthBull  No  271, 
Washington,  DQ 1941),  1 1 3( Detn  of  TNT  in 
air  by  the  method  of  Kay)(See  ref  7)  9)S* 

SPinto  & J.R.Fahy,  JIndHygToxicol  24, 

-X  l Sf  * IN  /-l\  a C*  A m n L—M  1A  « £ 

I*  **4/  « vn  of  9OH/{  iy  ‘OA  u± 

TNT  in  air  by  collecting  the  sample  in  iso- 

orooannl  hv  means  nf  a midaer  imninoer 

r - - r — — • - ✓ — _ ■'  "O  ' r — o — i 

reducing  the  TNT  to  tri  ami  notoluene  with 
TiCl,  and  estimating  the  tri  amino  compd 
colorim etrically  after  diazotization  and 
coupling  as  described  in  the  paper)  10)F. 

H. Goldman,  JInd  Hyg Toxicol  24,121-2 
(1942)  & CA  36,5349(  19 4 2)(  Analyses  of 
atmospheric  samples  contg  DPhA,  MF,  NG, 
PETN,  dimethyl  aniline,  tecryl,  TNT  and 

n*TT  ^ 

lyiN  i,  vuu tutu  uy  m ^uuauic 


A116 


solvents  are  described)  II)Kranke  & von 
Gizycki(no  initials  given  ),  SS  38,32(1943) 

& CA  38,5085(1944)(Detn  of  nitrocompds, 
especially  TNT,  by  drawing  50-100  l of  air 
through  three  wash  bottles  placed  in  series, 
each  contg  10  ml  of  methanol,  mixing  the 
contents  of  the  1st  and  2nd  botties,  adding 
to  the  mixt  2 ml  of  2%  aq  NaOH  soln  and 
allowing  to  stand  10  mins;  .Meanwhile  the 
contents  of  the  3rd  bottle  are  tested  by  ad- 
ding aq  NaOH-no  coloration  should  be  pro- 
duced. The  red  color  of  the  soln  in  the  1st 
and  2nd  bottles  is  compared  with  standard 
solns  of  TinT  in  methanol.  The  test  is 
claimed  to  be  very  sensitive:  0.5  mg  TNT 
per  m*  may  be  detected  by  using  a 100  ml 
sample.  If  only  a qualitative  test  is  re- 
quired, a piece  of  filter  paper  impregnated 
with  5%  NaOH  soln  is  suspended  in  the 
air)  12)F.H-Goldman  & D.E. Rushing, 

IT  111  'T'  . ' . . I HP  1 S l 1/W-^V  rv  ^ A 0«Y 

j inanyg  i oxicroi  a 

5927(1943)(TNT  is  detected  bypassing  the 
air  through  diethylaminoethanol.  as  a col- 
lecting medium.  A red-violet  color  is  pro- 
duced even  by  traces  of  TNT)  13)F.H. 
Goldman  & D.E. Rushing,  JlndHygToxlcol 
25, 195-6(1943)  & CA  37,5927(1943)(Tetryl 

J — 1 i ^ ~i 

io  utL cllcu  uy  me  ail  luivu^u 

ethylaminoethanol  as  the  collecting  medium. 
A red  color  is  produced)  14)Th.E.Cone, 

Jr,  DSN  aval  MedBull  41,  219-20(1943)  & CA 
38,529(1944)(A  modification  of  the  Kay 
method  described  in  Ref  7.  The  method 

can  be  used  for  the  detn  of  TNT,  DNT  and 
low  u r — — b,  w n n 

BritJIndMed  2,  83-5(1945)  [Colorimetric  detn 
of  air-borne  TNT,  terry!  and  DNT.  This 
method  is  briefly  described  in  CA  39, 
5209(1945)3  16)H.B. Elkins,  "The  Chem- 

istry of  Industrial  Toxicology,"  Wiley, NY 
(1950),  17-18(Air  analysis)  and  245-73(Air 
17)E.Eff*nbcr^crj  iChom 
34, 106-9(1 95 lXQuantitative  detn  of  oxi- 
dizing impurities  in  air)  18)J.Raubal  et 
al,  CeskoslovHygEpidemiolMikrobiolIrnunol 
2,  300-3(1953)  & CA  48,  13548(1954)  (Polaro- 

i • _ j__  . f 'rxi'r  ’ _ v\  1 n\  i i u 

grapnic  uein  oi  uni  in  air;  i v, 

Alekseeva  et  al  "Determination  of  Harmful 


Substances  in  the  Atmosphere  of  Industrial 


Rus)  2 0)N. Strafford,  G.R.N.Strouts  & 
W.V.Stubbings,  "The  Determination  of  Toxic 
Substances  in  Air,"  W.Heffer,  Cambridge, 
England(1956) 

Air  Blast  produced  by  jets  of  air  suddenly 
escaping  from  compressed  air  pumps,  pipes, 

^ _ i _ r r: i 

cid,  may  iaui c ^jl^a  ui  incuaiu^ 

Ref:  R.Loison  & M.Giltaire,  CA  49,  9279  & 

lAAztnc jso 

■•■V-I  / S s J 

Air-Blast  Effect;  Air  Blast  Energy;  Air 
Blast  Impulse  and  Air  Blast  Pressure.  See 
under  Blast  Effects  of  Air,  Earth  and  Water 
Air-Blast  Meter.  See  under  Blast  Effects,  etc 
Air-Blast  Pressure  from  Small  Charges  of 
Various  Explosives  are  discussed  in  OSRD 
Rept  3479(1944) 

Air-  Bl  ast  Pressures  from  Some  Large  Bombs 

are  discussed  in  OSRD  Rept  3046(1943) 

Air-Burst  Effects  of  the  Blast  from  Bombs 
and  Small  Charges  are  discussed  in  OSRD 
Rept  4246(1944) 

Air  Conditioning  is  the  branch  of  engineer- 
ing devoted  to  the  study  of  factors  affect- 
ing both  the  physical  and  chemical  condi- 
t ions  of  the  atiTiospiicrc  within  any  structure* 
These  factors  include  temp,  humidity  and 
motion,  as  well  as  distribution  of  dust, 
bacteria,  odors  and  toxic  gases.  In  air  con- 
ditioning it  is  desirable  that  all  factors 
be  controlled  but,  if  this  is  not  feasible, 
at  least  the  first  three  should  be  simul- 

„i«.*  d , 

■wviiiiuiivu  uuu  nuuiguiauvil 

and  Ventiilation) 

Air  conditioning  is  desirable  in  the  manuf 
and  storing  of  some  expls, eg  black  powder 

Refs:  1)W.H. Carrier  et  al,  "Modern  Air 

Conditioning,  Heating  and  Ventilating,” 
Pitman, Chicago(1940)  2)j.R.Dalzell  & 

C T U nkkoF/4  **  A ■ w 

'w«,U>JlUL'L'UAU|  4 1X1  Vw,V/UM11.iV/lllll^  ^ ll«-uiUl^ 

and  Ventilating,”  AmTechSoc, Madison, 
Wis(1944)  3)Kirk  & Othmer  1 (1947),  238- 
52(9  refs)  4)Perry(1950),776-86  5)Air 
Conditioning  and  Refrigerating  Machinery 
Association,  Inc,  Washing  ton,  DC;  various 
publications 
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"Alrcroft  and  Missile  Propulsion."  Title 
of  the  book  by  M.J.Zucrow,  Wiley,  NY 
(1958) 

Aircraft  Armament.  See  Air  Warfare  and  Air- 
craft Armament 

Aircraft  Armament  Tests  are  described  in 
the  US  Ordnance  Proof  Manual  No  16-16 
Aircraft  Flares.  See  under  Flares 
Aircraft  Float  Lights.  See  Night  Drift  Signals 
Air,  Liquid,  Explosives.  See  Liquid  Air  and 
Liquid  Oxygen  Explosives 
Airplane  Take-off  Apparatus.  A device 
patented  by  Taylor  et  al  includes  a gas- 
generating charge  consisting  of  a compact 
smokeless  propellanc  and  a separate  oxi- 
dizing charge  comprising  one  or  more  com- 
pressed masses,  formed  by  casting  an 
O-positive  mixt  of  AN  with  a chromate  compd 
and  a solid  nonalk  nonoxidizable  AN  fusion 
promoter 

Refs : 1)J. Taylor  & R.  Walk, BritP  570,210 

(1945)  & CA  40,5254(1946)  2)J.Taylor& 
R.D.J. Owens, BritP  570,211(1945)  & CA  40, 

5 5 48(19  46) 

Air  Pollution  (Atmospheric  Pollution)  is  ob- 
jectionable because  it  is  a danger  to  the 
health  of  people  and  animals,  causes  damage 
to  vegetation,  corrosion  of  materials  and 
unpleasant  odors 

In  explosive  industries,  as  for  instance 
in  the  manufacture  of  TNT,  pollution  may  be 
caused  by  TNT  dust,  the  strongly  acid  fumes 
of  oxides  of  nitrogen  and  sulfur  and  the  vapors 
of  tetranitromethane.  All  of  these  are  harmful 
to  both  man  and  vegetation 
Refs:  1)C.M. Christian,  "Air  Pollution  Lit- 

erature Review;  Elimination  of  Air  Pollution 
Due  to  Oxides  of  Nitrogen  from  Acid  Manu- 
facture at  OAC  Installations,”  Project  No 
56-151,  Atlas  Powder  Co,  Wilmington,  Del 
2)C. E.Lapple,  “Dust  and  Mist  Collection,1’ 
p 1013  in  Perry  (1950)  (numerous  refs)  3) 
L.C.McCabe  et  al,  ’'Proceedings  of  the  US 
Technical  Conference  on  Air  Pollution,” 
McGraw-Hill, NY(  1952)  4)Collective,  IEC 

44, 1339 -88(  195 2)( Symposium  on  air  pollution) 
(9  papers  and  numerous  refs)  5) A.  R.Meeth am, 


“Atmospheric  Pollution;  Its  Origin  and  Pre- 
vention,” Pergamon  Press,  London(1953) 

6)C.  A. Go sline,  Edit,  "Air  Pollution  Abate- 
ment Manual, ’’Manufacturing  Chemists  Assn, 
Inc,  Washington,  DQ  1954)  7)F.  SMallette, 

"Problems  and  Control  of  Air  Pollution,” 
Reinhold,  NY(1955)  8)P.L.MagiU,  Edit, 

"Air  Pollution  Handbook,”  McGraw-Hill, 

NY(  1956)  9) Cl  ark  & Hawley(  1957),  25-7 
(See  also  Air  Analysis  and  Sampling) 

Air  Reduction  Sales  Company,  Murray  Hill, 
New  Jersey.  This  company  has  had  several 
US  Govt  contracts,  mainly  in  the  field  of 
high  explosives,  polymers,  etc.  As  their  re^ 
ports  are  classified  confidential  no  dis- 
cussion of  their  work  is  possible  here 
Air  Resistance  to  Projectiles  in  Flight  is 
discussed  in  the  books  and  papers  listed 
under  Ballistics,  Exterior  and  Aerodynamics, 
as  for  instance:  l)C.Cranz,  "Lehrbuch 

der  Balli stik,”  Springer,  Berlin,  vol  1(1925) 
2erAbschnit,  36  2)L.Gabeaud,  MAF  15, 

1 2 20(  19 36)( Recherche  sur  la  resistance  de 
l’air) 

Airdox  is  a blasting  device  activated  by 
compressed  air  and  manufd  by  the  Cardox 
Co,  Chicago,  Illinois.  It  is  particularly  suit- 
able for  breaking  down  coal  in  fiery  mines. 
Descriptions  of  various  types  of  Aircbx  are 
given  in  the  book  of  J. Taylor  & P.F.Gay, 
"British  Coal  Mining  Explosives,”  G.Newnes, 

London  (1958),  137-42 

Air  Drying  Treatment  of  Propellants.  See 

under  Propellants,  Manufacture 

Air  Lifts  are  devices  for  lifting  liquids  by 
means  of  compressed  air  without  the  use 
of  valves,  cylinders,  plungers  or  other  mechan- 
isms. The  first  air  lift  was  invented  by  Carl 
Ldscherin  1797-  L ater  developments  were 
made  by  Frizell(  1880)  and  Pohle(1892) 
Essentially,  an  airlift  consists  of  a U 
tube  with  legs  of  uneven  length.  Liquid(such 
as  an  acid)  enters  the  shorter  leg  and  is 
carried  over  into  the  longer  leg  and  then 
discharged  by  means  of  compressed  air  in- 
troduced near  the  base  of  the  longer  leg. 
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The  rise  of  liquid  ia  the  longer  leg  is  due 
to  the  fact  that  the  air  and  liquid  mixture 
is  lighter  than  the  liquid  alone 

The  pulsometer,  one  kind  of  air  lift,  is 
a 3-neck,  bottie-iike  pot  (made  of  chemical 
ware  or  Pyrex)  with  die  first  neck  entering 
An  a d«of  th  c bo  ttl  ^ gt  its  bottom  tHc 
neck  entering  the  other  side  part-way  down 
and  the  3*d  (middle  one)  at  the  top  of  the 
pot.  Liquid  (such  as  acid)  enters  through 
the  first  neck  (bottom)  and  is  met  by  com- 
pressed air  entering  through  the  2nd  neck. 
The  resulting  air-bubbles  lift,  under  pres- 
Sure  the  licjuid  through  tbe  jid  to 

desired  height  up  a vertical  tube  set  in  the 
top  outlet 

Pulsometers,  used  in  Acid  Recovery 
Houses  of  explosives  plants,  are  sometimes 
called  nigger  beads.  They  serve  for  trans- 
ferring the  weak  nitric  acid  from  the  bottom 


of  one  absorption  to 


n J*  t 

w\r 


Air  lifts  were  formerly  used  for  transport- 
ing corrosive  liquids  from  one  part  of  a plant 
to  another,  but  have  now  mostly  been  re- 
placed with  acid  or  alkali  resistant  centrif- 
ugal pumps 

» / . v-  ^ lr'lt 1-  i -* 1 TT— 

K€/5*'  ijr.L.-  Vliwaiiui,  \^1IC1II1W«1  i-,u- 

gineering  Plant  Design,”  McGraw-Hill,  NY 
(194?^  70  2)J-H. Perry,  Edit,  “Chemical 

Engineers’  Handbook,”  McGraw-Hill, NY 
(1950),  1438  3)E.R.Riegel,  Chemical 
Machinery,  Reinhold, NY(  1953),  17 1-  3 
Air,  Thermodynamic  Properties  are  discussed 
in  OSRD  Rept  369(  1942)  and  G3RD  Kept 
3550(1 944) 

A:.  VI  _L*_ T * o 1 _ 
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pell  ants,  pyrotechnic  compositions  and 
amnunition  used  at  the  present  time  de- 
teriorate much  quicker  if  they  are  stored 
under  atmospheric  condi do ns( especially  in 
the  presence  of  moisture)  than  if  the  con- 
tainers in  which  they  are  stored  are  air- 

a!  .L  a A - J_. 5 .J.. 

llglJ L aa  ail-ugm.  LUI1L<UUC13  tuc  liuicuujt 

in  use,  it  is  necessary  to  test  them  to  de- 
termine whether  there  are  any  leaks  in  them. 
This  can  be  done  by  pumping  air  into  a 
closed  container  until  a pressure  of  3 to 


5 lbs  is  reached  and  then  noting  the  varia- 
tions in  the  reading  of  the  gauge  attached 
to  the  air  testing  apparatus.  The  pump  is  con- 
nected to  the  metal  container  by  a special 
test  hole  with  which  aii  the  containers  are 
provided.  These  holes  are  closed  with  air- 

e!  rtke  r\1n  no  nrK  t 1 a rt-i  n #-  a ef  c nfa  kol  rt  ct  Orv 

r*w6vt  ” 

ducted.  The  tests  should  be  conducted  at 
least  once  a year,  oftener  if  there  is  a sus- 
picion that  the  container  leaks 

All  containers  which  are  leaking  should 
be  repaired,  or  the  contents  transferred  to 
air-tight  containers.  Leaks  due  to  defective 

without  removing  the  contents,  but  leaks 
in  other  parts  require  the  transfer  of  the 
contents  to  air-tight  containers  and  removal 
of  the  defective  container  from  the  magazine, 
for  repairs.  These  may  be  made  either  in  a 
building  containing  no  explosives  or  in  the 
Opcu.  If  it  iS  ucCcSb <uTy  Cu  icpoii  tlic  CO ii- 
tainers  by  soldering,  the  insides  should  first 
be  thomuphlv  cleaned  to  remove  all  dust 

" ” " O ' ' ’ " ’ -- 

Note : In  opening  or  closing  containers,  only 
non  sparicing  tools  (such  as  those  made  of 
copper  alloys  or  berylium-bronze,  etc)  should 
be  used 

Hef:  US  Army,  Chief  of  Ordnance,  “Safety 
and  Storage  Manual  for  Explosives  and  Am- 
munition,” OO Form  No  5994,  Washington, 

DC(  19  28),Sectn  XIV,  p 4 
Air  Warfare  and  Aircraft  Armament.  War  in 
the  air  is  conducted  by  aircraft  equipped 
with  the  following  weapons:  bombs,  guns, 
machine  guns,  rockets  and  guided  missiles. 
General  discussion  on  this  subject  is  given 
.k  ~ iui  1..  i\t  r~  n 

111  uii.  iu iiu  wiu^  iki  Ji  J * uujr  \_v,j  nv  n 

Weapons  for  Air  Warfare,  Fire  Control  Equip- 
ment, Proximity  Fuzes  and  Air  Guided  Mis- 
siles,” Little- Brown,  Bo ston,Mass(  1947) 
2)S.T.Possony,  “Strategic  Air  Power, 
the  Pattern  of  Dynamic  Security,”  Infantry 
Journal  Press,  Washington, DC(  1949)  3) 

a n t _r* i 1 1 <it_  vi r r . p..  . 

n.r.ucocveraity,  Air  r u wci;  w.cy  to  our- 

vival,”  Simon  & Schuster, NY(  1950)  4)R.T. 

Finke,  Ordn  39. 160- 1(  1954)( Aircraft  armament) 
Alx-la-Chopalla  (Poudre  d*).  One  of  the  older 
French  blasting  expls,  which  was  a mixt  of 
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finely  pulverized  Chile  saltpeter  (Na  nitrate) 

and  carbon 

Ref:  Daniel(1902)  8 

Ajax  Powder.  A British  ’'permitted”  per- 
chlorate explosive:  NG  22. 5>  GC  0.75,  TNT 
+ DNT  3.0,  WM  10.5,  KQO(  37.5,  Amro  ox- 
alate 25.0  andHaO  0.75%;  powei( swing  of 
ball  pend)  2.69",  maximum  chge  12  oz 
Ref:  Bamett(  1919),  137 

AJZ  Propellant  is  described  in  confidential 
’’Propellant  Manual,”  SPIA/M2,  Johns  Hop- 
kins Univ,  Silver  Spring,  M aryl  and  ( 1959), 
Unit  No  404 

AK-14  and  AK-14(Mod  1)  Rocket  Fuel  Ox- 
idizers are  described  in  confidential  ’’Pro- 
pell  ant  Manual,”  SPIA/M2,  Johns  Hopkins 
Univ,  Silver  Spring,  Md(  19 59), Unit  Nos  1 
& 352 

Akardit.  Ger  name  for  Acardite 
A(ko)  or  Type  A Explosive.  A Japan  expl 
similar  to  Ger  Hexamit:  TNT(or  TNAns)  60, 
HNDhA  24  & A1  powder  1 6%.  It  was  intended 
for  use  in  torpedo  warheads  anddepth  charges 
to  replace  the  Type  94  and  Type  97 M Ex- 
plosives (See  Japanese  Type  Explosives) 
Refs:  1)R. A. Cooley  et  al,  PBL  Rept 

53045(1945),  p 9 2) Anon,  OpNav  30-3M, 

’’Handbook  of  Japanese  Explosives  Ord- 
nance,” Washington,  DC(  1945),  32 
Akremite.  An  explosive,  patented  by  Maumee 
Collieries  Co  of  Terra  Haute,  Indiana,  suit- 
able for  all  open  operations— stripping,  open 
mining,  quarrying,  etc.  It  consists  of  a com- 
mercial grade  AN  and  carbon  black  shipped 
in  separate  polyethylene  containers  to  the 
place  of  operation  and  mixed  there  as  needed. 
The  mixt  is  put  into  a blast  hole  so  that 
there  are  no  air  pockets  around  the  expl 
which  is  then  detonated  with  a small 
’’booster”  charge  of  a cap- sensitive  expl, 
such  as  gelatin- dynamite 

Since  neither  the  raw  materials  nor  the 
finished  mixture  are  cap- sensitive  expls, 
they  can  be  shipped  at  commercial  freight 
rates  rather  than  at  the  higher  rates  for 
expl  s 

The  effectiveness  of  Akremite  in  actual 


mining  operations  was  described  in  Coal 
Age,  May  1955 

Ref:  Anon,  ChemEngrg  62,No  6,108(1955) 
AL-31  Rocket  Explosive  is  described  in 
confidential  ’’Propellant  Manual”  SPIA/M2, 
Johns  Hopkins  Univ,  Silver  Spring,  Md(1959), 
Unit  No  352 

Al ba, Chemical  Co  of  New  York  patented,  in 
1900,  a dynamite  contg  NG,  AN,  Na  nitrate, 
wood  meal  & vaseline 
Ref:  Daniel(I90  2),  8 

Albanlte.  A white  flashiess  propellant  de- 
veloped during  WWII  in  the  USA  for  use  in 
large  Naval  guns.  The  history  of  its  de- 
velopment is  given  in  Ref  1,  pp  106-108, 
and  in  Ref  2,  pp  129_3I.  It  is  actually  the 
Brit  Cordite  N (a  triple  base  propellant  con- 
taining a large  proportion  of  NGu  with  the 
remainder  chiefly  NG  & NQ  but  contg- DINA 
in  place  of  NG.  Its  composition  and  some 
properties  were  as  follows:  NC(12.6%N)  20.0, 
DINA  19.5,  NGu  55.0,  DBuPh  4.0  & Et  Centr  ’ 
1-5%;  to  this  may  be  added  an  amt  of  K2SG4  which 
varied  with  the  weapon  (eg  1.5%  KjSO^  for  the  6 
i n/47  gun);  vol  solvent  ca  0.2%  & moisture 
<0.1%.  For  compn  contg  1.5%  the  adia- 

batic flame  temp  is  2390°K,  the  potential 
(CVT0)  870  cal/g,  the  force  08%  of  pyro  pro- 
pellant and  burning  rate  75%  of  pyro 

During  WW  II  Albanite  and  Cordite  N were 
considered  among  the  least  erosive  propellants 
According  to  Pdegel  (Ref  3),  Albanite  is  a 
better  flashless  propellant  than  FNH  and  has 
low  sensitivity  to  shock 
Refs:  1) Summary  Technical  Reports  of  Di- 

vision 8,  NDRC,  vol  1 ’’The  Preparation 
and  Testing  of  Explosives,”  Washington, 

DC(  1946),  106- 10  2)W.  A.NoyesJr,  Edit, 

’’Science  in  World  War  II,  OSRD,  Chemistry,” 
Little,  Brown  & Co,  Boston(  1948),  24  & 

129' 31  3)Riegel,IndChem(  1949), 709 
Additional  Refs  on  Albanite: 

A)Explosives  Division,  Burnside  Laboratory, 
E.LduPont  de  Nemours  & Co, Inc,  OSRD 
37  26(  19  44)(  FI  ashless  propellant  for  Navy 
cannon)  B)E.I.duPont  deNemours  Si  Co, 

OSRD  40 35(  19 44)( Analytical  procedure 
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for  chem  analysis  of  Albanite)  C)E.I.duPont 
deNemours  & Go,  Inc,  OSRD  5 47 5(  19 45)(  Al- 
banite cannon  propellant  manufd  at  Winnipeg 
Works  of  Defence  Industries  Ltd)  D)F.H. 
Westheimer  & R .H.  K alien  berg  er,  OSRD  5592 
( 19 45)( Substitutes  for  Albanite)  E)E.I. 
duPont  deNemours  & Go,lnc,OSRD  6215 
(1945)(Final  rept  on  flashless  propellant  for 
Navy  cannon) 

Albionite.  According  to  Daniel(  190 2), 8,  it 
was  an  expl  manufd  by  the  Nobel  Explosives 
Co,  Ltd,  Its  compn  is  not  given 
Albit.  A Ger  blasting  expl,  such  as  Gesteins- 
Al bit  ("Rock-blasting  Albit").  It  contained 
Na  perchlorate  80,  DNN  12,  wood  meal  3, 
phenanthrene  3 & NG  2% 

Refs;  l)Naoum,  Expl s(  1927),  129  2)PATR 
2510(1958),  69 

Albite.  An  expl  invented  by  Bemardini  & 
Manuelli:  AN  58.6,  NGu  19.1  & GuN  22.3%. 

It  was  used  during  WW  II  for  filling  some 
Ital  projectiles 

Refs:  l)R.Molina,  “Esplodenti,"  Hoepli, 

Mil  ano(  19  30), 343  2)Ordnance  Sergeant, 

Aug  1943,  P 16  3) All  & En Expl s(  1946), 

149  4)M.Giua,  "Dizionario  di  Chimica,  ” 
UTET,  Torino,  2(1949),  128  & 165  4)C. 

Belgrano,  "Gli  Esplosivi,"  Hoepli,  Milano 
(1954),  131-3 

Albumin  and  Protein,  Nitrated.  See  Protein 
and  Albumin  Nitrated 
Alcohol  (Span).  Alcohol 
Alcohol.  An  organic  alkyl  compd  contg  a 
hydroxyl  group.  It  is  also  the  common  name 
for  ethyl  alcohol  or  ethanol.  This  and  other 
alcohols,  as  well  as  their  nitrated  derivs, 
are  described  under  individual  names,  such 
as  allyl-,  amyl-,  butyl-,  ethyl-,  methyl-, 
propyl-,  etc 

Alcohol,  Nitration.  See  under  individual 
alcohol  s 

Alcohols,  Heats  of  Combustion  and  Forma- 
tion. See  F.D. Rossini,  BurStdsjRes  13, 
189(1934)  and  under  individual  alcohols 
Alcohols,  Nitrated,  Heats  of  Combustion 
and  Formation.  See  R.M.  Currie  et  al,  IEC 
44, 3 29-  3 1(  19  5 2)(  1 5 refs)  and  under 


individual  alcohols 

Alcohols,  Nitrated,  Preparation  from  nitro- 
paraffins  by  condensation  with  aldehydes 
in  the  presence  of  an  alkaline  catalysts  is 
discussed  by  H. A.Aaronson  in  PATR  1125 
(1941) 

Alcohol,  Tribasic.  See  Glycerin  or  Glycerol 
Alcool  (Fr.or  Ital).  Alcohol 
Aldehyde  is  an  organic  compd  contg  the 
monovalent  — CHO  radical.  It  is  also  the 
common  name  for  acetaldehyde.  This  and 
other  aldehydes  are  described  under  in- 
dividual names,  such  as  benzaldehyde, 
formaldehyde,  etc 

Aldehyde- Amine  Condensation  Products. 

It  was  observed  in  1850  by  Laurent  and 
Gerhardt  that  benzaldehyde  and  aniline 
react  with  the  formation  of  the  compound 
C^Hj  CH. : NCjHj  , now  called  a Scbiff’s  base. 
It  has  also  been  called  an  azometbine  be- 
cause it  may  be  considered  as  a deriv  of 
azomethine,  HjCrNH,  also  known  as  methyl- 
enimine.  The  Schiff’s  base  may  be  regarded 
as  the  condensation  product  CjH,  CH(OH)  7 
HNC6H5,  from  which  a molecule  of  HaO 
has  been  eliminated.  A few  years  later 
(1864),  Schiff  found  that  many  aromatic  and 
aliphatic  aldehydes  can  condense  with 
aniline  in  a similar  manner.  The  condensa- 
tion may  be  effected  by  warming  the  compds 
together  in  approximately  equimolecul  ar  pro- 
portions, either  diluted  with  a suitable  sol- 
vent such  as  alcohol  or  AcOH)  or  without 
diluents.  The  azomethine s derived  from  the 
lower  aliphatic  aldehydes  and  primary  aro- 
matic amines  are  less  stable  than  those 
from  aromatic  aldehydes.  Only  comparatively 
few  aldehydes  and  amines  yield  simple  ad- 
dition compdsof  the  general  formula  R. CH- 
(OH).  HN.  R’ , the  majority  give  the  cor- 
responding azomethine  R.CH:NR' 

Formaldehyde  reacts  with  primary  and 
secondary  aliphatic  amines  but  not  with 
tertiary  amines.  The  reactions  with  methyl 
and  dimethyl  amines  proceed  as  follows: 
HCHO  + HjN . CH,  -*  H . CH(OH) . HN . CHS, 
HCHO  + HN(CH,)3  - HCH(OH).  N(CHs)2 
The  reaction  of  formaldehyde  with 
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ammonia  results  in  the  formation  of  hexa- 
methylenetetramine, (CH2)#N4,  used  for 
the  prepn  of  RDX 

Some  azomethines,  eg  H2GN.C&H4CHj 
have  a tendency  to  plymerize  to  di-  or  tri- 
metric forms 

For  more  information  on  this  subject  see 
Refs  2, 3,  & 4 

Some  of  the  aldehyde- amine  condensation 
products  have  been  recommended  as  ingred- 
ients of  nondetonating,  deflagrating,  expl 
compns  (similar  in  properties  to  black  pow- 
der) for  use  in  the  delay  combustion- train 
devices  of  fuzes.  Other  ingredients  of  such 
compns  are  non- explosive,  such  as  alkali 
metal  nitrates  and  charred  carbonaceous 
compounds(Ref  1) 

Re/s:  1)R. C.Payn  et  al,  BritP  576,107 

(1946)  & CA  42,  1424(1948)  2)Hickin- 
bottom(  1948),  158-60  3)  Walker(  19  5 3),  28 1- 

90  4)  Cl  ark  & Hawley(  1957),  846-7 

Aldehyde-Nitroparoffin  Reactions.  The  re- 
action between  an  aldehyde  and  a nitro- 
paraffin  usually  proceeds  as  follows: 

RCHO  + R'  N02  -4  RCH(OH) . CH2  N02  - 
RCH:CHN02  + H20 

The  first  studies  on  this  subject  were  ap- 
parently made  by  Haitinger  (Ref  1)  and  then 
by  Priebs(Ref  2).  These  were  followed  by 
Henry(Ref  3),  Posner(Ref  4)  and  others. 

More  recently  Boileau(Ref  5)  made  alde- 
hyde-.nitro paraffin  reactions  the  subject  of 
his  thesis.  By  means  of  these  reactions 
he  prepared  a number  of  aliphatic  nitro- 
alcohols.  He  also  studied  the  kinetics  of 
aldehyde-nitro paraffin  reactions  conducted 
in  a homogeneous  medium  and  in  the  pres- 
ence of  basic  catalysts 
Refs : 1)L, Haitinger,  Ann  19 3, 366(  1878) 

2) B.Priebs,  Ann  225,319(1884)  3)L. 

Henry,  CR  120,1265(1895)  & 121,210(1895) 
4)T.Posner,Ber  31,656(1898)  5)J- 

Boileau,  "Contribution  al’etude  de  la 
reaction  des  aldehydes  sur  les  nitroparaf- 
fines,”  These,  Serie  n°  2586,  presented 
at  the  Faculte  des  Sciences,  Universite  de 
Paris  to  obtain  the  degree  of  "Docteur  es 
Sciences  Physiques. Imprimerie  Nationale, 


Paris,  6 June  1953(76  pp  and  72  refs).  This 
thesis  is  reprinted  in  the  Annexe  of  MP  35 

(1953) 

Adehydes,  Oxidation  and  Ozonization  is  dis- 
cussed by  H.Wieland  & A.Wingler,  Ann  431, 

301-22(1923)  & CA  17,2558(1923) 

Aldehydes,  Polorographic  Method  of  Determin- 
ation is  discussed  by  M. B.Neiman,  Zh An al- 
Khim  2,135-46(  1957) 

Aldehydes,  Role  in  Oxidation  of  Hexane.  It 
was  reported  by  C. F.Cullis,  BullFr  1950, 
863-8  & CA  47,2689-90(1953)  that  an  expln 
might  take  place  if  a temp  of  ca  227°  is 
reached  during  oxidation 
Aldot  and  Aldoi  Condensation  Reactions. 

An  aldoi  is  a compd  of  the  general  formula 
RCH2 . CH(OH)  . CHR'.  CHO,  where  R and 
R*  are  alkyl  radicals.  Aldoi s were  first 
studied  by  Butlerov  who  in  1861  obtained 
some  sugar-like  products  later  proved  to  be 
aldoi  s 

Aldoi s can  be  obtained  as  result  of  the 
so-called  aldoi  condensation  reaction.  This 
takes  place  between  an  aliphatic  aldehyde 
and  another  aldehyde  or  ketone.  The  second 
aldehyde  has  at  least  one  — CH2CHO  group. 
Formaldehyde  is  the  most  frequently  used 
aldehyde  for  this  reaction.  A small  amount 
of  weak  alkali  serves  as  a catalyst.  The 
reactions  may  be  represented  as  follows: 
RCH2 . CHO  + R1  CH2 . CHO  -»  RCH2 . CH(OH) 
CHR’  . CHO  and 
RCHO  + CH3  . CO  . CHa  -♦  RCH(OH) . CH2 
CO  , CHj  - RCH : CH . CO-CH,  + HaO 
The  first  member  of  the  group  is  acetaldol 
(qv)  which  condenses  on  storage  to  par  aldoi 
Some  aldols  serve  for  the  prepn  of  ex- 
plosives: eg,  paraldol,  which  on  hydrogena- 
tion gives  the  1,3-butylene  glycol,  yield- 
ing on  nitration  the  explosive  1,  ^-butylene- 
glycol  dinitrate(qy) 

Refs:  l)Hickinbottom(  1948),  160  & 179 

2)Karrer(  1950),  164  3)Walker(  1953),  164 

Aldoi  Condensation  Product  of  5-Amino- 
tetrazol e.  See  under  Aminotetr azole 

5- Al  dol  imi  no-(a-**trozol  e). 
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CH, , CH(OH).  CM  . CH : N-C-NH-N 

II  IS 

N N 

mw  155.16,  N 45.16%,  OB  to  CO,  -139.2%, 
OB  to  CO  -87.6%.  Lt-col,  shiny  leaflets 
(from  ale)  or  prisms  (from  water);  mp  170°. 
Fairly  sol  in  w;  si  sol  in  hot  ale;  insol  in 
eth,  acetorchlf.  Vi'as  prepd  by  adding  to 

C 1 'Vi  oC\ 

j-aiiiuiu-(U"ttua *jj> tej  VllLK  ^.U  ) } 

of  anhydrous  acetaldehyde,  previously  di- 
stilled in  a stream  of  CO,  gas.  After  the 
resulting  foaming  had  subsided,  the  mixt 
was  heated  under  reflux  for  several  hrs  on 
a water  bath  and  then  cooled.  The  hardened 
mass  was  washed  with  cold  ale  and  then  re- 
crystallized  several  times  either  from  ale 
or  from  w 

The  silver  salt  of  aldolimino- tetrdzole. 

C5  HgN5  0 Ag,  is  a mild  explosive 
Refs : 1) Beil— not  found  2)P- Stolle, 

JPrChem  148,  218-20(1937)  3)F..R.Benson, 
ChemRevs  41,7(1947) 

Aidoindpnfnyi amine  Condensation  Product 

(no  formula  is  given).  A solid  which  can  be 

nrer>d  fmim  a snln  of  a mirf  nf  1 S mn!  of 

4 ■ _r  _ ■ “ * — " 

aldol -a-naphthylamine  and  0.5  m°l  of  aldol- 
/d- naphthyl  amine  in  1.5  mols  of  dil  HC1  with 
1.5  mols  of  acetaldehyde.  This  was  followed 
by  neutralization,  filtering,  purification  and 
drying 

When  2 ps  of  this  mixture  were  milled  for 

3 Imurc  tvirli  inn  nsnf  K1  ark  hnwHpr  ron- 

v "w  ’ l r “ - 

si  sting  of  KNO,  75,  alder  charcoal  17  and 
sulfur  8%.  the  resulting  product  burned  in 
fuses  at  the  rate  of  250-300  sec/yd  (Ref  1), 
whereas  ordinary  fuse  powder  burns  at  the 
rate  of  120  sec/yd  (Ref  2).  This  aidoi- 
naphthylamine  condensation  product  was 

k ^ a oa/I  « r nn  ■ r>  r»*-  Art  t r\  f el  A U'  Kllffliflft 

~ ” 

fuse  powders 

Refs:  l)K.C.Payn  et  al,  USP  2,423,427 

(1947)  & CA  41,6050(1947)  2) Blasters’ 

Hdb(  195  2),  88 

Aidonic  Acids,  Their  Derivatives  and 
Nitric  Esters.  Aidonic  Acids  are  hydroxy- 

_ ? j _ _x  j*  h.l : 

dV, I Ll ■>  Ui  aiuu wiii4.ii  tu  v 4,oitwuy  loittvvo 

contg  aldehyde  groups  (pentose,  hexose, 
etc).  The  acids  can  be  obtained  by  mild 


oxidation  (with  silver  salts  of  bromine)  of 
si  doses, 

oxygen 

CH  jOH(  CHO  H)4  CHO  - CH2OH(CHOH)4COOH 
glucose  gluconic  acid 

A number  of  such  compds  were  prepd  and 
then  converted  to  the  corresponding  nitric 
esters  by  Wolfrom  et  al  of  Ohio  State  Univ 
while  working  under  a US  Ordnance  Corps 
contract(Ref  5 & 6).  They  found  that  all  the 

npnf^n  tfrafpc  By  thCTTl  COlllrl  b C d^tO* 

nated  by  gentle  heat  or  by  a hammer  blow- 
on  steel.  Thermal  stability  tests  have  shown 
that  the  aldonamide  pentanitrates  are  more 
stable  than  aidonic  acid  pentanitrates  or 
their  methyl  esters  and  that  the  esters  were 
less  stable  than  the  corresponding  acids.  All 
q f their  purl  fi  ?d  nitrsts$  mi  tier  went  r spiel 
decompn  at  their  mp’s,  accompanied  by 
violent  bubbling  and  evolution  of  nitrogen 
oxides.  No  residue  was  visible  after  de- 
compn 

In  a surveillance  period  of  8 to  10  months 
the  purified  nitrates,  maintained  at  20-35° 
m s de^'cc r ^ xl, i Bi ted  no  vi siy  5 e vi1* 
dence  of  decompn 

Some  of  the  pentanitrates  were  suggested 
for  use  in  propellants.  To  determine  the 
suitability  of  these  nitrates  for  this  purpose, 
compatibility  tests  were  made  with  NC 
(12.6%N).  The  aldonamide  pentanitrate 

1 ^1 .t..i  _ x : J 

4iiu  u i c in tuiyi  tdtei  ui  aiuuiijc  a\.ia 

nitrate  were  found  to  be  compatible  with 
NC  in  film  formationfemploying  ethyl  acetate 
as  the  solvent)  and  the  stability  of  the  film 
was  comparable  to  that  of  the  free  penta- 
nitrate 

Aldonamides(  such  as  d-gal  acton  amide 

ana  □•gluCuiiamiue)  were  prepd  by  iiic 

method  of  Glattfeld  & Macmillan(Ref  2). 

This  involved  treating  the  corresoondine 

— • — ■ o i u 

lactones  with  liquid  arrmonia  and  nitration 
of  the  products  by  nitrogen  pentoxide, as 
described  by  Caesar  & Goldfrank(Ref  3). 
Methods  of  prepn  of  individual  compds  are 
given  in  Ref  6 

Following  are  examples  of  pentanitrates 
of  aldonamides,  of  aidonic  acids  and  of 
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methyl  al donates.  These  compds  resemble 
NC  in  their  explosive  and  combustive  prop- 
erties 

a)  d- Gala  cion  amide  Pentanitrate, 

mw  420.17,  N 20.0195,  OB  to  COa  0.0%,  OB 
to  CO  +22.9%.  Long,  slender  ciysts,  mp 
l68°(decomp);  insol  in  eth,  petr  eth,  chlf 
and  water;  sol  in  ale,  methanol  and  dioxane. 
Method  of  prepn  and  more  information  on 
properties  are  given  in  Ref  6 

b)  d-Gluconamide  Pentanitrate,  CfiH8Ne016, 
mw  420.17,  N 20.01%,  OB  to  C02  0.0%,  OB 
to  CO  +22.9%-  Cry  st s,  mp  147^ decomp); 
soly  characteristics  are  same  as  for  pre- 
vious compd(Ref  6) 

c)  d-Galactonic  Acid  Pentanitrate, C6H7N5Ol7, 
mw  421.16,  N 16.63%,  OB  to  CO,  +5.7%,  OB 
to  CO  +28.5%-  Crysts,  mp  138°  (decomp); 

sol  in  eth,  acet,  ale  and  dioxane;  si  sol  in 
chlf;  insol  in  w & ben Ref  6) 

d)  d~Gluconic  Acid  Pentanitrate,  CeH7N50,7, 
mw  421.16,  N 16.63%,  OB  to  COj  5-7%,  OB 
to  CO  +28.5%.  Crysts,  mp  12 2^ decomp); 
soly  characteristics  are  same  as  for  previous 
compd(Ref  6) 

e)  Methyl-d- galactonate  Pentanitrate, 

CjH,NsOl7l  mw  435.18,  N 16.  10%,  OB  to  CO* 
"5.5%,  OB  to  CO + 20. 2%.  Crysts,  mp  107°  (decomp); 
sol  in  chlf,  ale,  eth  and  acet;  in  sol  in  light  petr 

eth  (Ref  6) 

f)  M etbyl-d- gluconate  Pentanitrate, 

C7H,N5Ol7,  mw  435.18,  N 16.10%,  OB  to  CO, 
“5.5%,  OB  to  CO  +20.2%.  Crysts,  mp  58° 
(decomp);  soly  characteristics  are  same  as 
for  previous  compd  (Ref  6) 

Refs:  l)Beil  3,  2 2)J.Glattfeld  & D.Mac- 

miilan,  JACS  56,2481*2(19  34)  (Preparation 
of  aldonic  and  saccharic  acid  amines  in 
liquid  ammonia)  3)G.V.  Caesar  & M. Gold- 
frank,]  ACS  68,372-5(19  46)(Nitration  of 
starches  with  nitrogen  pentoxide  in  presence 
of  sodium  fluoride)  4)Karrer(  1950),  325  & 

331  5)M.L.  Wolfrom  et  al,  US  Ordnance 

Corps  Contract  No  DA-33-019-ORD-163, 

Project  No  TB  3*0 1 10- S), Ohio  State  Univ 
Res  Foudn,  Columbus, Ohio.  Interim  Tech 
Rept(195|)  ^d  Final  Tech  Rept(1952)(  p 2 
6)M.L. Wolfrom  & A. Rosenthal,  JACS  75, 


366  2-4(  195 3)( Nitrated  aldonic  acids)  (20 
refs) 

Aldorfit  or  Aldorfite  [spelled  by  Escales 
(Ref  1)  Alldorfit]is  a permissible  expl 
developed  andmanufd  by  the  SSF(Schweiz- 
erische  Sptengstoff-Fabrik)  A-G,Dottikon, 
Switzerland.  Several  formulations  are  known 
of  which  the  Aldorfit-pulverformig  is  the 
oldest.  It  contains  AN  81,  TNT  17,  and  wood 
meal  2%  (Refs  2, 4, 5,6  & 7).  Its  loading 
d0. 9*  1.05,  mp-deflgr  >360°;  Qe  1010  1046 
kcaI/mol(HjO  vapor),  ealed  vol  of  gases  at 
NTP  890  1/kg,  temp  of  expln  2900°,  max 
vel  of  deton  4500  m/sec,  impact  sensitivity 
with  2kg  wt  100  cm,  Trauzl  test  value  for 
lOg  sample  363*375  cc  vs  311  cc  for  TNT, 
compression  of  copper  cylinder  (7.0  x 10.5  mm) 
1.89  mm  vs  2.86  mm  for  TNT  (Ref  4,  pp  104, 

114  & 123;  Kef  5,  p 133,  144,  & 153;  Ref  6, 
p 40).  Some  props  are  also  given  fot  Aldorfit 
contg  21. 27%  TNT(Ref  4,  p 14) 

A method  of  prepn  of  Aldorfit  is  described 
in  Ref  3 

Some  recent  formulations  of  Aldorfit  con- 
tain aluminum,  as  for  instance  Aldorfit  LL, 
aluminiumhaltig.  Stettbacher  (Ref  4,  p 114 
& Ref  5,  P 144)  reports  its  Trauzl  value  as 
432  cc  but  gives  no  compn 
(See  also  Gelatin- Aldorfit) 

Refs:  1) Escales,  Anmonspr(1909),  105 

2)N ao um,  Expl  s(  1927),  118  3)Stett- 

bacher(19  3 3),30  2 4)Stettbacher(1948), 

14,  86-7,  104,  114  & 123  5) A. Stettbacher, 

"Pdlvoras  y Explo sivos/’  G.Gili, Buenos 
Aires(  1952),  113,  133,  1 44  & 153  6)A. 

Stettbacher,  Explosivst  19 54>  40  7)Schweiz- 
Sprengstoff— Fabrik  A-G  letter  dated  Dec  10, 
1953  to  Dr  A.  Stettbacher,  Zurich,  Swit- 
zerland and  transmitted  to  the  authors  8) 
PATR  2510(1958),  p Ger  3 
Aleurityl  Azide,  C1S  Hj4(OH)3  . CO  . Nj,*  solid 
mp-dec  on  slow  heating  ca  52^,  expl  when 
heated  rapidly  to  ca  50°,  in  sol  in  w & petr 
eth  sol  in  chlf  & ale  and  si  sol  in  eth  & 
ben 2.  Was  prepd  by  refluxing  aleuritic  acid 
(9,  10,  16-trihydroxypalmitic  acid),  C1sHJ8(OH)3- 

COOH  with  30%  NjH4.  HtO  in  MeOH  and 
treating  the  resulting  aleurityl  hydrazide, 
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t_15  n^unj,.  min  . i\na  with  i\aNO}  in 
dil  AcOH 
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& Wm.H. Gardner,  JACS  64,1902-5(1942)  & 

CA  36.5770(1942) 

Alexander’s  Explosive  Compositions  con- 
sistedof  naphthalene(with  one  or  more 
other  solid  hydrocarbon s)>  K picrate  and 
oxidizers  such  as  KNO,  or  KC10a  in  various 
proportions 
Kef:  Daniel  (1902),  8 
Alexander’s  Primary  Explosive  consisted 
of  amorphous  phosphorus  83  and  Pb(N05)2 
(or  other  oXidiZang  metal  salt)  17% 

Ref:  Cundill,  MP  5,  280(1892) 

Alain  at  Alninlc  Arid  is  a protein  of  marine 
algae  and  is  found  in  many  seaweeds.  Its 
principal  source  of  prepn  is  as  a by-product 
of  the  extraction  of  iodine  from  kelp,  prin- 
cipally from  Laminaria  digitata.  It  has  been 
used  mainly  in  Japan,  for  the  prepn  of  films, 
fabric  dressing,  and  for  thickening  jellies. 

T _ _ _ _ 1 •_  XT  _ t _ ^ _ t_  ] - * 

us  auj.il  ill  i\cx  laruuuaic  uu  uc  uacu  a^>  a 

mucilage  (Refs  1 & 2) 
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manuf  of  priming  compns  and  in  loading 
ammo.  The  requirements  of  the  US  Army 
and  Navy  (Ref  3)  are:  a)moi store—  not 

more  than  20%,  when  detd  as  prescribed  in 
paragraph  F-4a  of  Ref  3 b)viscosity  of 
a L25%  aq  soln  at  20°  shall  be  not  less 
than  45  secs  and  not  more  than  60  secs, 
when  detd  as  prescribed  in  par  F-4b  c) 

l 

o wiv  jl  ouu  mvuiji  uitwnvi  ah  ow  j.  umi  w -a  autui 

not  be  above  1%,  when  detd  as  prescribed 
in  par  F-4c 

Refs:  l)Hackh(l944)  , 30  2)J.T,  Marsh 

& F. C. Wood,  "Introduction  to  the  Chem- 
istry of  Cellulose,"  Chapman  & Hall, 
London  (1945),  104  3)US  Specifica- 

uuii  jtun  -o-m  iyq/) 

A I go  don  fulminante  or  Aigodon  poivora 

/ Qp  an\( ^n] rv»  ^ n ng  cotton^)  MO  with  * 

13.4%  N 

Ref:  Perez- Ara(  1945),  358 

Aliphatic  Alkonol amine  Perchlorate  Salts. 


These  compounds,  according  to  the  US 
NavOrdLab  Memorandum  10068,  3/24/1949, 

are  rhamrtari  hv  Innr  rrm  onnr)  hear 
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stability  and  moderate  sensitivity 
Aliphatic  Amines  and  I mines.  Nitrated 
Derivatives.  A number  of  these  compds  are 
of  interest  in  the  field  of  explosives  and 
are  discussed  under  the  individual  compds, 
such  as  aminomethane,  aminoethane,  amino- 

giiaTuuiiic,  CZC 

Some  aliphatic  amines  and  imines  and 
their  nitrated  derivs  were  prepd  and  investi- 
gated before  and  during  WW  II  by  Division 
8 of  NDRC 


Ref:  J.R.  Johnston  et  ai,  OSRD  Rept  161 
(PBL  Rept  31093)  (1941) 


Aliphatic-Aromatic  Nitramines.  See  individual 
compds 

Aliphatic-  Aromatic  Nitrocompounds. See 
individual  compds 

Jil-L-ii  - kJ  1 1..  _ J _ n_  _•._!»  * j i 
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compds 


Aliphatic  Feracia's  (Feroxyacids),  called 
also  Peroxides  of  the  Structure  RC(?0)OOH 

trt/'l  n/ift  m a rfA  tm  t f h <ifAinrfrtnni  noror^fi  r 
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(peroxy acetic),  perpropionic  (peroxypro- 
pionic),  etc  acids.  They  are  described  in 
the  book  by  A.  V.  Tobol  sky  & R.B.Mesrobian, 
"Organic  Peroxides,"  Inter  science  NY(1954), 
33-6  & 167.  Some  of  these  compds  are  expl 
Aliphatic  Perocids  (Peroxyacids),  Analyses. 
As  these  acids  have  similar  props,  the  same 
analytical  procedures  can  be  applied  to  all 
of  them.  The  following  two  methods  have 
been  used  for  detg  the  contents  of  these 
sci  ds: 

a)  The  method  of  d’  Ans  & Frey  (Ref  2) 
based  on  the  procedure  of  Baeyer  & Villiger 
(Ref  1)  consists  in  titrating  of  a soln  of 

a peracid  with  sed  K permanganate  to  a 
pink  color  adding  to  the  resulting  mixt 
an  excess  of  KI  soln  and  titrating  the 

libcidicQ  xudific  with  SCu  Na  uuOSul  faiC 

b)  The  method  of  Greenspan  & MacKellar 
(Ref  3)  is  based  on  the  use  of  std  ceric 
sulfate  for  the  initial  hydrogen  peroxide 
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titration,  followed  by  an  iodometric  detn 
of  the  active  oxygen  present  as  peracid. 

It  has  been  claimed  that  this  method  gives 
more  reliable  Results  than  the  method  of 
d’ Ans  & Frey 

Refs:  l)A.  Baeyer  & V.Villiger,  Ber  34, 

854  (1901)  2)J.d’ Ans  & W. Frey,  Ber  45, 

1845(1912)  & ZAnorgChem  84,145(1913) 

3)F.P.  Green  span  & D.G.MacKellar,  Anal- 
Chem  20,1061*3(1948) 

Alkali  and  Alkaline  Earth  Metals  explode 
when  brought  into  intimate  contact  with 
Cl,  S,  0,  and  some  other  compds  as  by  a 
strong  impact.  This  property  can  be  of  use 
in  producing  explns  for  blasting  or  burst- 
ing projectiles  (Ref  1).  In  Ref  2 it  is  stated 
that  the  alkali  metals  act  as  powerful  deto- 
nators with  org  halogen  compds  such  as 
CH3C12>  CH2Br2>  CH2I2>  CHC13,  etc.  In  Ref  3 
are  described  tests  for  the  reactivity  of 
various  combinations  of  alkali  and  alkaline 
earth  metals  with  halogen  substitution 
compds.  Many  of  these  systems  were  found 
to  be  highly  sensitive  to  heat  or  impact 
and  those  which  are  less  sensitive  react 
explosively  under  the  influence  of  a deto- 
nator. It  is  suggested  that  the  expl  props 
of  such  mixts  may  be  explained  by  the  in- 
termediate formation  of  anal!  amts  of  highly 
expl  compds  (such  as  halogen  acetylenes) 
which  cause  the  expl  decompn  of  the  entire 
system. 

Refs:  1)H. Staudinger,  USP  1,547 ,076(  1925) 

& CA  19,2879(1925)  2)H.  Staudinger,  ZElek- 

trochem  31,549*52(1925)  & CA  20,537(1926) 
3)F.Lenze  & L.Metz,  SS  27,255*8,  293*6, 
373*6(1932)  & CA  27,844(1933) 

Alkalies,  Action  on  Aliphatic  Nitrocompounds. 
Compds  with  hydrogen  atoms  attached  to  a 
primary  or  secondary  carbon  atom  linked 
to  an  NOj  group  show  weakly  acid  properties. 
Such  compds  dissolve  or  react  slowly  in 
strong  alkalies  to  form  salts.  This  forma- 
tion of  salts  is  usually  comparatively  slow. 

It  is  inferred  that  these  nitrocompds 
exist  in  two  forms:  a normal  nitio 


form,  which  is  the  more  stable  but  less 
acidic,  and  an  aci(oriso)  form  which  is 
less  stable.  The  aci  form  may  be  written  as 

R.  CH  - N * 

SOH 

(also  called  a nitronic  acid).  This  acid  form 
of  an  aliphatic  nitrocompd  has  not  yet  been 
isolated.  However,  the  aci  forms  of  mixed 
aromatic- aliphatic  compds,  eg  phenylnitro- 
methane  and  the  p-brom  derivative,  have 
been  isolated(Ref  1).  The  aci  form  of  pheQyl- 
nitromethane  is  acidic,  conducts  an  electric 
current  and  dissolves  readily  in  Na2COs 
solution 

Refs:  l)A.Hantzsch  & W.  Schultze,  Ber  29, 

699  & 2253(1896)  2)Sidgwick(1937),231 

et  seq  3)^heland(  1949), 6 29  et  seq  4) 
Karrer(  1950),  135  4)Degering(  19  50), 7 1 
Alkalies,  Action  on  Aromatic  Nitrocompounds. 
Unlike  aliphatic  nitrocompds,  in  which  C 
atoms  may  be  primary  or  secondary,  the  N02 
groups  in  aromatic  nitrocompds  are  attached 
to  tertiary  C atoms.  As  a consequence,  the 
latter  cannot  have  an  aci-  nitro  structure 
and  cannot  form  nitronic  acid  salts,  although 
such  aci-forms  have  been  postulated.  The 
chemistry  of  the  interaction  of  alkalies  and 
bases  with  different  types  of  nitrocompds 
have  not  been  satisfactorily  clarified,  al- 
though various  structures  have  been  postu- 
lated for  the  reaction  products  in  particular 
cases.  In  general,  in  the  absence  of  acidic 
groups,  mononitro  aromatic  derivs  yield  no 
color  or  at  most  a yellow  or  orange.  Di- 
and  trinltro  derivs,  in  alcoholic  or  acetonic 
solution,  usually  give  decided  colors  (fre- 
quently red  and  sometimes  orange,  blue  or 
green).  The  compds  formed  are  presumed 
to  be  addition  products  of  a salt-like  nature. 
Thus  tri nitrobenzene,  in  methyl  alcohol, 
when  treated  with  coned  aqueous  KOH, 
yields  a red  expl  compd  whose  formula 
corresponds  to  C6H3(N02)3,CH3  OK . H20. 

The  structure  H N02  OK 

'XHM 

MeO  NOj 
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has  been  proposed  On  treatment  with 
acids  TNB  is  regenerated  It  has  been 
suggested  that  since  color  formation  re- 
quires more  than  one  NO,  group,  the  true 
structure  is  a resonance  hybrid  and  in- 
volves quinonoid  systems.  In  a number  of 
cases  clear  cut  reactions  can  be  obtained 
Thus  boiling  TNB  in  methyl  alcohol  with 
a solution  of  Na  methoxide  proceeds 
according  to  the  reaction-. 

NO,  NO, 

( >NO,  + CHjONa-»  C >OCH3+NaN0,. 
NO,  NO, 

yielding  3, 5-dinitroanisole 

Some  reactions  of  nitrocompds  with  strong 
alkalies  are  quite  vigorous.  A mixt  of  powd 
TNT  and  powd  KOH  inflames  when  heated 
to  only  80°  Compds  formed  by  the  action 
of  alkalies  on  TNT  are  very  sensitive  expls. 
It  has  been  suggested  by  some  investigators 
that  these  substances  are  metallic  saltsof 
(OjN^QH,  . CH : CH . QHS  (NO,),  or  of 
(O^QH,  . CH, . CH, . QH,  (NO,), 

Na  carbonate  reacts  with  TNT  to  form  a 
black  solid  which  is  sol  in  water  or  meth- 
anol and  melts  above  200°.  This  solid  is 
as  sensitive  to  impact  and  heat  as  tetryl 
and  is  very  unstable  at  120c(Ref  6) 

Note:  According  to  Dr  Kostevitch(Ref  2), 
purification  of  TNT  by  an  aq  soln  of  Na 
carbonate  may  be  one  of  the  causes  of  forma- 
tion of  the  so-called  “tarry  matter"  (qv) 

K hydroxide  in  methanol  reacts  with  TNT 
to  form  a dark  red  powder  which  inflames 
or  expl  when  heated  to  130- 150°  and  has 
been  reported  to  expl  spontaneously  on 
standing  at  ordinary  temp  (Ref  6) 

It  should  be  noted  that  substances  formed 
during  purification  of  crude  TNT  by  the  ao 
tion  of  “sellite"  (alkaline  aq  soln  of 
Na,SO,)  may  also  ignite  (or  explode)  spon- 
taneously when  in  a dry  state,  as  can  be 
seen  from  the  occurrence  during  WW  II  at 
the  Keystone  Ordnance  Plant,  Meadville, 

Pa.  When  a spent  “sellite”  liquor  from  die 
purification  of  TNT(red  water)  was  re- 


moved from  a storage  tank,  after  remaining 
there  for  several  days,  the  residue  in  the 
tank  ignited(or  exploded)  as  soon  as  it  was 
dried  by  the  heat  of  the  sun.  This  accident 
was  followed  by  an  investigation  of  die 
"red  water"  residues  in  other  tanks  at  KOW 
in  order  to  determine  their  nature.  The  deposit 
collected  at  that  time  was  very  dark  red 
(nearly  black)  and  consisted  of  a mixture 
of  at  least  three  components;  a)a  nearly 
white  component  soluble  in  water  and 
in  sol  in  methanol(Na  sulfate)  b)a  dark  red 
component  sol  in  methanol  and  si  sol  in 
water  and  c)a  greyish  component  insol  in 
methanol  or  water.  The  red  component  was 
a more  sensitive  explosive  than  TNT, but 
not  as  sensitive  as  primary  type  explosives; 
whereas  the  greyish  component  was  an  ex- 
plosive extremely  sensitive  to  heat,  friction 
and  shock.  Its  performance  was  comparable 
to  ordinary  primary  explosives.  This  explosive 
material  was  named  “Keystonite.  ” Its  compn 
was  not  detnd  due  to  the  shutdown  of  the 
plant  shortly  after  the  compd  was  isolated 
Refs:  l)G.C  Smith,  “TNT  and  Other 

Nitro  toluenes,"  Van  No  strand,  NY(1918) 
2)M.Ko  stevitch,  “Tarry  Matter  of  Alpha 
Trinitrotoluene,”  Part  II,  Imprd*  Art  Vol- 
taire,P  ari  s(  19  27),  8 3)Sidgwick(  19  37),  259 
et  seq  4)Davis(  19  43),  136-7,  147,  149-51 
ft  170-1  5)H)egeiing(  1950),  139  et  seq  6) 
Dept  of  the  Army  TM  9-1910(1955),  146 
Alkalies,  Action  on  Nitric  Esters.  Organic 
nitrates  in  general  are  readily  saponified 
by  alkaline  solns.  A simple  metathetical 
reaction  to  yield  the  alkali  nitrate  and  al- 
cohol does  not  take  place;  instead,  as  a 
result  of  simultaneous  oxidation  and  re- 
duction, alkali  nitrite  and  a variety  of 
products  are  formed  depending  on  the  con- 
ditions of  die  reaction  . The  resistance  of 
different  nitric  esters  to  alkalies  varies 
considerably.  Thus,  starch  nitrate  is  de- 
composed much  more  slowly  than  cellulose 
nitrate  and  amylopeccin  nitrate  still  more 
slowly 

Jotirdin  gc  Tribot(Ref  4)  investigated  the 
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action  of  alkalies  on  military  grade  NC’s 

J t J [.  ^1 ~1 

itllU  iUULiiU  in  at  tui  muitN  ia a-cs  p iaLC  even 

by  weak  alkalies,  such  as  Na  carbonate, 
especially  at  elevated  temps.  This  attack 
lowers  the  stability  of  the  NC 
Refs : l)Naoum,  NG(  192S),  122  2)W.  Asch- 

ford  et  al, CanJ Res  25B,  15 1*8(  1947)  & CA 
41,  4311-12(1947)  3)0tt,  5,  part  2(1954), 

^ ~ « /X  T*i  r.  _ J ' _ H n _ - i/T>  *1/  / e *ta 
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(1954)  & CA  50,  517X1956) 

Alkalies,  Action  on  Stability  of  Nltrocsllii- 
lotos.  See  under  Alkalies,  Action  on  Nitric 
Esters 

“Alkali  Liability"  of  Starch  or  "Alkali 
Number"  of  Starch.  See  under  Starch 
Alkali  Metal  Amides,  such  as  potassamide 
(KNHj)  and  sodamide  (NaNHa),can  be  ob- 
tained by  die  action  of  pure  iiq  NH3  on  these 
metals.  The  blue  solns  of  the  metals  thus 
formed  are  the  result  of  the  reaction* 


M + NHj  = MNHj  + l/2Ht.  Catalysts  such 
as  spongy  Pt  or  Fe  oxides  greatly  acceler- 
ate the  reaction.  These  amides  may  serve 
for  theprepnof  the  very  explosive  silver 
ami  des 

Refs:  l)A.Joannis,CR  112,  39  2(189  2) 

2)  E.  C.  Franklin  & O,  F=  St  afford,  AmC-hemT 
28,  8X1902)  & JCS  821,  748-9(190  2) 

Alkoli  Metals  and  Halides  of  Metals, 
Mixtures.  According  to  J.Cuielleron,  BullFr 
12,  88-9C 1945)  & CA  40,  4309(  1946)  mixts 


of  Na  or  K with  halides  of  metals  (except 
those  of  the  alkali  or  alkali-earth  metals) 
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blow.  The  same  results  may  be  obtained  by 
substituting  oxygen- containing  compds  for 
the  halides 

Alkali  Metal  0 zonal*  s.  See  under  Ozonates 


Alkalinity  in  Explosives  and  in  Propellants. 

Residual  alkalinity  in  expls  and  in  pro- 
pell  ants  is  undesirable  because  even  traces 
of  alkalies  may  lower  the  stability  and  mp  of 
an  exnl  with  a resulting  increase  in  exudation. 

I ~ 

Alkalies  also  may  form  products  which  are 
more  sensitive  than  the  original  expi.Some  dis- 
cussion on  this  subject  is  given  under  "Al- 
kalies, Action  on  Nitric  Esters”  and 


under  "Alkalies,  Action  on  Nitrocompounds” 
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neutralization  of  residual  acids  of  the  crude 
expls  or  of  NC  (used  in  propellants)  to  pH's 
higher  than  7.  Neutralization  is  usually  done 
by  aq  solns  of  soda  ash  or  by  ammonia  but 
can  also  be  effected  by  chalk,  lime,  etc 
Refs:  1)M. Copisarow,  Chem  News  112, 

283-4(1915)  & CA  10,  527-6(1916)  2)G.C. 

Smith,  "TNT  and  Other  Nitro toluenes,” 

Van  No  strand. NY/*  10  ^M.fCnst*»vitrh 

- , \ “/  7 

"Tarry  Matter  of  Alpha  Trinitrotoluene,” 

Part  II,  Impr  d'Art  Voltaire,  Paris  (1927) 
4)P.Jourdin  & R.Tribot.  MP  36,  65-70 
(1954)  & CA  50,  5173(1956) 

Alkalinity  Test  is  one  of  the  std  tests  for 
detn  of  the  purity  of  expls  and  propellants. 
It  is  conducted  in  the  same  manner  as  the 
acidity  test  (qv)  except  that  titration  is  done 
by  0.05^  aq  sulfuric  acid  instead  of  std 
aqNaOH  soln.  (See  also  under  individual 
explosives  and  prop  ell  ants) 

AlkalsSt  is  a Ger  blasting  expi  which  is  de- 
scribed in  PATR  2510(1958),  p Ger  3 

Aik  ane«  Nitrated  Dan  vn ti  vac  /YFJ  f.n.nJ 
, _ 

Aliphatic  Hydrocarbons).  The  first  nicro- 
alkane  described  in  the  literature  was  1,2- 
dinitro ethane,  prepd  in  Russia  by  A. Semenov. 
Since  then  hundreds  of  nitroalkanes,  some 
of  them  explosive,  were  obtained.  The  ref- 
erence given  below  describes  old  and  new 
methods  of  prepn  of  nitroalkanes.  Most  of 
expl  nitroalkanes  are  described  in  this 
dictionary  under  their  parent  names,  such 
as  methane,  ethane,  propane,  etc 
Ref:  0.  vonSchickh,  AngewChem  62,  547-56 
( I950)(Chemie  und  Technologic  der  Nitro- 
alkane) 

Afkaiites  are  Belgian  industrial  safety  exps 
("explosifs  SGP”),  which  may  be  sheathed 

rtf  rtrtf  P Art  in  I ph  al  1 pii  r / (?pf  nittac  rli  a 
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following  compn:  AN  53.0,  TNT  14.0,  K 
nitrate  8.5,  Al  1.  5 NaCl  23.0%;  its  charge 
iimite  of  900  g is  equivalent  to  705  g of 
dynamite  No  1 (NG  75,  kieselguhr  25);  not 
stable  in  storage 

Dr  Deffet  (Ref  2)  states  that  current 
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Aikallte  contains:  AN  59.0,  TNT  12. 5 ^ 
nitrate  2.0  Ai  0.5  & Nad  26.0,%-  It  a 
sheath  (gaine  in  Fr)  is  used,  it  consists 

rtf  1/0  o of  Mfl  Ki /-arKrtnflf#*  npr  Iflfl  o of 
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Alkalite 

Refs:  l)Pepin  Lehalleur  (19  3 5),  420  2) 

Dr  L.  Deffet,  Bruxelles;  private  communi- 
cation, March  10,1954 
Alkenyl  Aromatics  of  the  general  formula 
Ar.  CH, . CH, . C:CH„  were  prepd  by  react- 

■ _ 1 3 rt  f 

ing  aiatliai-li:  IiyUlUtaiDWHO  (at  muuwiawv 
and  press)  with  1,3' diolefins  in  the  pres- 
ence of  a cataly st( such  as  boron  trihalide 
satd  with  an  organic  carboxylic  acid).  The 
purified  alkenyl  aromatics  can  be  nitrated 
to  yield  expl  derivs 

Ref:  W.N.Axe.USP  2,430,660  and  2,430,661 
(1947)  & CA  42,  3778(1948) 

Alkogor(Rus).  Alcohol 
Alkohoi  (Ger).  Alcohol 
Aikyd  Resins  are  the  reaction  products  of 
poiyhyaric  aico hoi s( such  as  glycerol,  glycols, 
erythritol,  etc)  and  resinifying  polybasic 
aeidsfsuch  as  phthalic  and  maleic  acids, 
the  dimer  of  abietic  acid,  sorbic  acid,  tartaric 
acid,  etc).  The  first  aikyd  resin  was  prepd 
by  Berzelius  in  1847  from  glycerol  and  tar- 
taric acid,  but  the  first  resins  to  become 

. , ■ ,,  ■ . i — 

industrially  imponam  »cic  uic 
phthalate  resins  introduced  in  1901  by  W. 
Smith  and  used  widely  at  about  the  time  of 
WWI.  Second  in  importance  are  the  maleic 
aikyd  resins(Refs  1 & 2) 

Aikyd  resins  ar-e  finding  wide  use  as  sub- 
stitutes for  metals,  wood,  etc  in  numerous 
ordnance  items,  such  as  some  parts  of  rocket 
motor s( Ref  3) 
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refs)  2)  Clark  & Howl ey(  1957),  42-3  3)A. 

T. Zaehringer  gr  R.M.Nolan,  ’'Missiles  and 
Rockets, ” March  1958,69 
Note:  H.  A.Bruson,  Preparation  of  Polymers 
Which  Might  be  of  Interest  in  Explosives,” 
in  the  NDRC  Div  8 Interim  Rept  PT-7,  Feb  15 
to  March  15,  1943  on  "Preparation  and  Test- 
ing of  Explosives”  p 25  claimed  that  on 
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with  formaldehyde  it  is  possible  to  introduce 
two  methyloi  groups  to  form  a dihydric  al- 
cohol, 


aNOA-C.  CHj.OH 

/ \ 

QH,.C  /C.NO, 

QNOJ-C.  CH, . OH 


which  might  serve  as  a primary  material  for 
prepn  of  explosive  ’’aikyd  resins.”  It  is  not 
stated  how  these  resins  can  be  prepd 

Aikyd  Resins,  Analytical  Procedures  are 

given  in  OrgAnalysis,  Interscience,  NY, 2 
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a-Alkylacrylonitriles  and  a- Alkyl  aery  lo- 

nvSmoc  "ftrtt-Vi  rtf  fVi pC^  omime  rt  f A 
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and  examined  in  1950  by  Marvel  et  al  (Refs 
3 and  4)  and  a short  resume  of  their  work  is 
presented  here 

It  should  be  noted  that  some  of  the  nitriles, 
CH, : C(R)CN( where  R may  by  an  aliphatic 
group),  were  prepd  in  1929*1935  in  Belgium 
(see  Ref  1)  but  not  by  the  same  method  as 
reported  by  Marvel  et  al 

Marvel  et  al  also  prepd  oximes  of  the 
general  formula  CHa : C(R).  CH  : NOH  by  treat- 
ing a- alkyl  acroleins  with  NH,OH.HCl  and  an 
aq  soln  of  Na,C0,.  The  oximes  prepd  by  M 
et  al  and  by  some  previous  investigators 
(Refs  1 & 2)  are  viscous  oils  which  can  be 
purified  by  distillation.  With  Et-  and  iso-Pr- 
homologs  the  distn  proceeds  smoothly  but 
with  some  higher  homologs  some  decompn  and 
polymerization  occurs  on  heating.  Addition 
of  a little  hydroquinone  facilitates  the  dis- 
tillation. In  the  case  of  theiso-Pr  homolog, 
hydroquinone  prevents  a violent  reaction 

which  has  been  observed  to  take  place  after 
li j: a:  ^.:n 
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'In  no  case  did  M et  al  observe  the  "ex- 
plosive decomposition”  of  the  metacrolein 
oxime  or  of  cr  ethyl  acrolein  oxime  as  pre- 
viously reported  in  the  literature(Ref  2) 

Note:  M.R.Ross  & R.Rolih  in  a private  com- 
munication reported  to  M et  al  that  an  ex- 
plosion took  plate  wiui  a-edhyiaCfuiciu  uximc 

Following  are  examples  of  a-alkylacrylo- 
nitriles  prepd  by  Marvel  et  al  (Ref  4): 


A 129 


a) a- Ethyl  acrolein  Oxime,  CH, : C(C,H,). 

CH:  NOH,  raw  99. 13,  N 14. 13%,  OB  to  CO, 
-217.9%,  OB  to  CO  -137.2%.  Viscous  oil, 

bp  78°  at  30  mm,  n2DlS>1.4820 

b)  a-lsopropy  I acrolein  Oxime,  CH,:  Cfiso- 
C,H7).  CH : NOH,  raw  113.16,  N 12.39%,  OB 
to  CO,  -233.3%,  OB  to  CO  -148.5%.  Viscous 
oil,  bp  63°  at  3.5  mm,  a 20°  1.4744 

Refs:  I) See  Ref  1 in  JACS  72,  5408  2)D. 

T.Mowry  & R.R.Morner,  JACS  69,  1831(1947) 
3)C.S.Marvel  et  al,  J ACS  70,  l694(  1948)  4) 

C.S.Marvel  et  al,  J ACS  72,  5408-9(1950) 

Alkyl-Aluminum  Compounds.  See  Aluminum 
Alkyls 

Alkylomides  and  Their  Nitrated  Derivatives. 

When  an  amide  of  a hydroxy  aliphatic  mono- 
carboxylic  acid  of  the  general  formula 
HOCH, . CONRH(where  R is  an  alkyl  radical) 
is  treated  with  nitric  acid,  nitric  esters 
(0,N0 . CH, . CO  . NHR)  are  usually  obtained. 
However,  in  some  cases  NO,  groups  are  also 
introduced  yielding  compds  of  the  general 
formula  0,NO . CH, . CO  . N(NO,)R 

The  following  compds  were  patented  by 
Filbert(Refs  1 & 2)  for  use  as  ingredients 
of  blasting  cap  charges: 
a)Glucon amide  pentanitrate(qv)  b)N-2- 
Hydroxyethylgluconamide  hexanitrate(  qv) 

c) N-  2-Hydroxy  ethyl  glycol  amide  di  nitrate 

(qv)  d)  N-M ethyl giucon amide  pentanitrate 

(qv)  e)N-Methyl-N-nitro  glycol  amide  nitrate, 

described  under  N-Methyl-N- glycol  amide 
Refs:  1)W.F.  Filbert,  USP  2,443,90  3(19 48) 

8c  CA  43,  1797-8(1949)  2)1  bid  2,449,843 

(1948)  & CA  43,  1797(1949) 

Alkylamlnes,  Alkyl  aryl  amines,  Aryl  amines 
and  Their  Explosive  Derivatives.  Alkylamines 
alkyl  aryl  amines  and  aryl  amines  may  form 
nicrocompds  as  well  as  various  salts  of  which 
the  nitrates,  perchlorates  and  pi  crates  may 

be  explosive 

For  more  information  on  this  subject  see 
individual  explosives,  eg,  tri-  and  terra- 
nitro aniline,  ethyl enedi  amine  dinitrate, 
tetryl,  etc 

Alkylaminoguani  dines.  See  Amino  alkyl- 
guanidines  and  Alkylaminoguanidines 


Alky! am inotetrazoles.  See  Aminoalkyltetra- 
zoles  and  Alkylaminocetrazoles 

Alkylaminotriazoles.  See  Aminoalkyltria- 
zoles  and  Alkylaminotriazoles 

Alkyl  and  Aryl  Azides  are  discussed  by  J.H. 
Boyer  8c  F.C.  Canter  in  ChemRevs  54,  1-59(1954) 
(See  under  individual  compds,  such  as  allyl- 
azide,  phenylazide,  etc) 

Alkylaryl  Ureas  or  Di  alkyl  dl  aryl  Ureas.  See 
Centralite 

Alkylated  Benzenes,  N{ trader! vati vet  of. 

Studies  were  made  at  Pic  Arsn  regarding  the 
possibility  of  using  some  nitroderivs  of 
alkyl  benzene  as  gelatinizers  in  smokeless 
propellants.  Although  derivs  of  methylben- 
zene  (toluene),  such  as  DNT  and  TNT,  pre- 
viously examined,  are  effective  gelatinizing 
and  waterproofing  agents  when  used  with 
NC  in  smokeless  propellants,  it  was  assumed 
that  gelatinization  would  be  improved  by  using 
substances  which  were  either  liquid(oils)  or 
at  least  had  lower  rap’s  than  those  of  either 
DNTtca  70°)  or  TNT(ca  80°).  As  the  nitro- 
derivs of  ethylbenzene  melt  at  much  lower  temps 
(DNEtB  is  liq  at  RT  and  TNEtB  melts  ca  37°), 
they  were  chosen  far  further  study.  For  the  results 
and  additional  information  see  under  Ethylbenzene 
and  Derivatives 

Ref:  P.  Varrato,  PicArsnTechRept  R91(1930) 
Alkylated  Benzidines,  Nitrated  Derivatives. 

Mertens,  in  1887,  obtained  a compd  which  he 
considered  to  be  tetrani  tro  dimethyl  azo  ben  zene 
(Ref  1).  P.van  Romburgh  proved  in  1886,  that 
the  substance  was  tetrani  tro  dimethyl  benzi- 
dine but  he  did  not  det  the  position  of  the 
NO,  group s( Ref  2).  This  was  done  in  1922 
by  G.van  Romburgh,  who  established  the 
structure  as  3,3 ' ,5,5'  -tetranitro dim  ethyl- 
benzidine,  H,C.  HN.  CjHjfNO,),— C€H,(NO,/,  ■- 
NH(CHj)  mw  392.28,  N 21.43%,  red  crysts, 
dec  ca  28  2° (Ref  3)  The  same  investigator 
prepd  3,3'  ,5,5'  - tetranitrodiethylbenzidine , 
mw  420.34,  N 20.00%,  red  crysts,  mp  248c; 

3,3'  ,5,5'  - tetranitrodipropylbenzidine,  mw 
448.39,  N 18.74%,  red  ndls,  mp  200°;  3,3' , 

5,5'  -tetranitrodiisopropylbenzidine,  mw 
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448.39,  N 18.74%,  redndls,  mp  250*,  3,3'  ,5,5’- 
tetranitrodiisobutylbenzidine,  mw  476.44,  N 
17.64%,  red  ccysts,  mp  194°;  and  3,3'  ,5,5'  - 
tetTonitrodiallylbenzidine,  mw  446.36,  N 
18.91%,  orange- red  ndls,  mp  205° 

None  of  these  compds  were  examined  by 
G. van  Romburgh  from  the  point  of  view  of 
ignitibility  or  explo sibility 
Refs:  l)K.H.Mertens,  Thesis,  Univof  T.ey- 

den(  1877)  & Ber  19,  2127(1886)  2)P.van 
Romburgh,  Rec  5,  244(1886)  3)G.van  Rom- 
burgh, Rec  41,38-43(1922)  & CA  16,  1238 
(1922) 

Alkylation  is  the  process  by  which  an  alkyl 
radical  is  introduced  by  addition  or  sub- 
stitution into  a compd.  Description  of  methods 
of  alkylation  may  be  found  in  Refs  1(5  & <5. 
Alkylation  reactions  assumed  great  importance 
during  WWII  for  the  prepn  of  toluene  (used 
for  the  manuf  of  the  explosive  TNT  and  of 
DNT,  which  was  used  as  an  ingredient  of 
smokeless  propellants),  for  the  prepn  of  high 
octane  blending'  agents  used  in  aviation 
gasoline  and  for  the  prepn  of  materials  used 
in  the  manuf  of  synthetic  rubbers  and  plastics. 
The  alkylation  reaction  was  also  used  for 
the  prepn  of  cumene  (which  yields  an  ex- 
plosive trinitrocompd  on  nitration)  and  of 
ethylbenzene,  which  in  turn  served  for  the 
production  of  styrene  and  dinitro  ethyl  ben  zene. 
The  last  compd  has  been  suggested  as  a 
component  of  smokeless  propellants  in  lieu 
of  DNT.  Ethylbenzene  can  also  be  nitrated 
to  trinitro ethylbenzene,  an  explosive  slightly 
less  powerful  than  TNT  but  not  as  econom- 
ical to  pro  due  e(  see  under  Ethylbenzene) 

Explosives  have  also  been  prepd  from 
alkylated  compds  by  methods  other  than 
nitration.  For  instance,  some  explosive 
primary  and  secondary  di alkyl  peroxides 
were  obtained  by  interaction  of  alkylmethane 
sulfonate  and  hydrogen  peroxide(Ref  4, 

Sept  1957,  P 1463) 

Some  plastics  obtained  from  the  products 
of  alkylation  can  be  used  in  the  manuf  of 
various  ordnance  items 

A flow  sheet  and  a brief  description  of  a 


sulfuric  acid  alkylation  process  designed 
by  M.  W.Kellog  is  given  in  Ref  2 
Refs:  l)Kirk  & Othmer  1 (1947),  532*50 

(67  refs)  2) Anon,  "HaS04  Alkylation,” 
ChemEngrg  58,  212-  15(Sepc  1951)  3)R- 

Norris  Shreve  et  al,  IEC,  Sept  issues  1948* 
1955  4)L- F,  Albright,  IEC,  Sep  tissues 

1956-1957  5)  Cl  ark  & Hawley(  19  57),  43*  4 

6)Groggins{1958),804— 55 

Alkylation,  Regeneration  of  Acid  Used  in 

is  described  in  the  following  papers: 

1)J.  A.Lee.ChemMetEngrg  53,  l46*9(July 
1946)(Recovering  alkylation  spent  acid 
by  the  Chemical  Construction  Corp  process) 
(brief  description  and  a flow  sheet)  2) 
Chemico  Bulletin  S- 10 7(  19 46)( Diagrammatic 
arrangement  of  the  "Chemico”  alkylation 
and  regeneration  process  and  a brief  de- 
scription of  the  process) 

Alkyl  Azides.  Prepn  and  reactions  of  some 
alkyl  azides  are  discussed  by  J.M. Clegg 
(Univ  of  Michigan,  Ann  Arbor),  UnivMicro- 
filmsPubl  No  12555  and  Dissertation  Abstr 
15,  1310(1955);  CA  50,  259(19  56) 

Alkyl  Borones.  See  under  Boranes 
Alkyldichioroamines.  See  Dichloroalkyl- 
ami  n e s 

Alkylene.  An  organic  radical  derived  from 
an  unsaturated  hydrocarbon:  eg,  ethylene, 
propylene,  etc 

Alkyl  Halides  are  described  under  individual 
compds,  such  as  carbon  tetrachloride,  chloro- 
form, etc 

Alkyl  Hydrazines  are  described  under  indi- 
vidual compds,  if  they  are  expls  or  used  in 
Ordnance.  The  major  physical  and  chemical 
props  of  a large  number  of  alkyl- substituted 
hydrazines,  currently  of  interest  in  the  rocket 
propellant  field,  were  detd  by  R.C.Harshman 
at  the  Olin  Mathieson  Chem  Corp,  Niagara 
Falls,  NY  and  discussed  in  Jet  Propulsion 
27,  398-9(19  57) 

Alkylidene.  A divalent  organic  radical 
derived  from  an  un saturated  aliphatic  hydro- 
carbon: eg,  ethylidene  (H3  C.  CH  =), 
propylidene,  (CHjCH2CH=)  etc 

Aikylideneperoxide.  The  name  coined  by 
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Rieche  & Meister  for  polymeric  peroxides 
derived  from  alkyl  aldehydes  or  alkyl  ketones. 
Thev  assigned  to  them  the  formulae: 


<06 

R.  CH 
! V 

and 

l \ 

K"  \ 

The  simplest  known  compd  tor  tne  nrst 
group  is  ethylideneperoxide 
r r\n!l 
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viscous  tar,  extremely  explosive;  whereas 
the  simplest  members  of  die  second  group 
are  acetoneperoxides  (dimeric  and  trimeric) 

/°°" 

(ai,),c" 

Ref:  A. Rieche  & R.Meister,  Ber  64,  2335- 
40(  1931) 

Alkylized  Diamines  of  the  Aromatic  Series, 
Mifrocompounds  of.  Compounds  of  this  type 
were  patented  in  France  (Ref  1)  for  use  in 
detonators  and  as  HE  fillers  for  shells, 
mines,  torpedoes  and  bombs.  They  may  be 
used  either  alone  or  mixed  with  other  ex- 
plosives or  with  oxidizers,  such  as  nitrates, 
chlorates  or  perchlorates 

Among  the  diamines  suitable  for  the  manuf 
of  such  explosives  may  be  mentioned  phenyl- 
ene-di( methyl  amine)  and  phenyl  ene-diroluidine 
As  an  example  of  an  explosive  prepd  from 
these  diamines,  Colver  (Ref  2)  cites  trinitro- 
phenylene-di(methylnitr  canine ) 

S CH 3 
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NO, 


which  ne  calls  penranitroaimetnyimetapueiiyi- 
enedi amine.  It  is  described  in  this  dictionary 
Phenyl ene-dl(methylnitramin e),  Trinitto 
Refs:  l)FrP  391,107(1907)  2)Colver 

(1918),  711-12 


Alkylmercapto silanes  are  thioethers  of  the 

i t i ^ /cdv  c: u Tk«,  n mi  «1 

ntu  lU&liUiliA  1ULJT  cast,  ujuh, 

prepd  by  treating  the  appropriate  Na  mer 
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toluene  so  In  at  ca  -70°  The  reaction  may 
be  written:3RSNa  + HSiClj^NaCl  + HSi(SR),. 
Attempts  to  prep  tri-tert-butylmercaptosilane, 
HSi[SC4H9(tert)l3>  resulted  in  a serious  ex- 
plosion in  one  case 

Ref:  L.Wolinski  et  al,  JOC  16,  395-8(1951) 

& CA  46,423(1952) 

Afkylnitramines.  The  effect  of  cold  98%  HNOj 
on  alkylnitramines  was  deed  by  A.T.Blomquist 
& F.T.Fiedorek,OSRD  4134(1944),!  10.  They 

found  that  the  reactions  can  be  represented  as: 
a)R-NH-N02  ™Uj  R-O-NO, 
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HNOs  . 

->  Hu  reaction 

UNO, 


ii.. 
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c)R-N(R*  )*N02  -i  * R-0-N02  + R'-ONO* 

Alkylnitramines,  Nitroxy  of  die  general 
formula  0,N . O . R,  N(R* ) . NO,  were  pro- 
posed as  non-volatile  plasticizers  for  triple- 
base propellants 

Refs:  j. Kincaid  & R.McGiU,  USP  2,698,228 
( 1954)  & CA  49,  58 46(  1955) 

All... I kllx__A_  fl  ! ___•  J Li.  _ /.  I 

MiKyi  nifraiei  as  uiquia  monovueiSt  me 
desirability  of  having  a non-expl  liq  mono- 
fuel for  application  which  involves  its  use 
in  proximity  to  human  life,  such  as  in  ATO 
(assisted- take-off)  of  aircraft  or  the  starting 
of  airplane  engines,  was  the  reason  for  the 
Brit  investigation  of  methyl-,  ethyl-,  propyl-, 
etc  oi traces.  It  was  found  that  rc-propyt 
nitrate  is  satisfactory  for  these  purposes 

Ref:  A. C. Hutchison,  Report  of  the  ICI(b"u- 
perial  Chemical  Industries),  Ltd,  Nobel 
Division,  Stevenston,  Ayrshire  (10 50) 
N-Alkylnitrooni lines  were  proposed  as 
stabilizers  forNC-  See  under  Aniline, 

Mononi  tio- 

N-Alkyl-N»  -( 2-nitroxyethyl) ethylene  Di- 
nitramines  of  the  general  formula, 

R . N(NOj) . CH2 . CH, . N(NO,) . CH, . CH,  r 

nMf)  TVAfA  rnr#»nf1ti  t\  kw  Hi  Ann. 
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quist  & Fiedorek  (Ref  3)  for  use  in  pro- 
pellants as  explosive,  practically  non- 
volatile plasticizers  for  NC.  These 
compds  can  be  prepd  either  by  the 

^ ..L™  J >.  f ITvort  /*k  imAtlf  fir  Klnkkl  A ( R pf  I"! 
LllClUVU  VJ  X X lMiivi.4H.viik  - -./J 

which  involves  the  treatment  of 
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N-alkylethylenedinitramines  with  ethylene- 
dibromide,  or,  preferably,  by  the  method  of 
Wright  & Chute  (Ref  2).  The  latter  method 
consists  of  converting  N- alkyl  ethyl enedia- 
mines  by  means  of  ethylene  oxide  to  the 
corresponding  N-alkyl-N'  -(2- ethanol) ethylene- 
diamines,  followed  by  treatment  with  nitric 
acid  and  then  acetic  anhydride  in  the  pres- 
ence of  a chloride  or  bromide  ion: 


R . NH . CHj . CH} . NH . CH, . CHa . OH 
HNO,  + 

Ac20  + 

Ci  (or  Br  ) 

R . N(NOa) . CHj . CH, . N(NOa) . CHa . CHa . 
ONOa 


As  an  example  of  such  a comp  a the  ex- 
plosive N-methyl-N - ( 2-nitroxyethyl)ethylene - 
dinitramine  is  cited 
Refs : 1)A.  Franchimont  & E.Klobbie, 

Rec  7,  346-7(  1888)  2)C.  F.  Wright  & W. J. 

Chute,  USP  2,462,052(1949)  & CA  43,  42«6 
(1949)  3)A.T.Blomquist  & F.T.  Fiedorek, 
USP  2,481,283(1949)  CA  AA.  4925(1950) 


Atkylol amities,  Nitrated  Products.  The 

following  explosive  alkylol amines  were 
prepd  and  examined  in  1944  at  PicArsn: 
a)[  Bi  s(hy  droxymethyl)methylamino]meth  an  e 
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methane  trinitrate 


Both  of  these  compds  were  found  to  be 
unstable  even  at  RT  and  for  this  reason  un- 
suitable for  military  purposes 
Ref:  H.a. Aaronson,  PATH  1412(1942) 

Atkyl  Peroxides,  Decomposition  was  dis- 
cussed in  the  following  refs: 

1)E, J.Harri s & A.C.Egerton,  Nature  141, 
472(1938)  & CA  32,7805(1938)  2)E.J, 

Harris,  ProcRoySoc  173A,  126-46  (1939) 

& CA  34,  2323(1940) 

AIL.. I til All... I a li ...  , 
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combining  alkyl  groups  with  silicon  or 
silicon  hydrides,  eg,  methyl'silane  CH.SiH,, 
dimethyl  silane  (CH,)aSiHa,  trimethyl  sil  ane 
(CHj),SiH,  te  tram  ethyl  silane  (CHj),  Si  and 
vinyisiiane  (CHa:  CH)SiHj.  They  are  very 


reactive  compds  and  some  of  diem  even 
ignite  spontaneously  in  air.  Their  mixts  with 
air  are  usually  expl.  These  compds  have 
been  known  for  about  one  hundred  years, but 

_ , . • . i t: « 

Kei  i seems  to  give  UIC  miiipituvuonv. 

description  of  their  prepn.  Several  methods 
of  synthesis  of  alkylsilanes  are  reviewed  in 
Ref  6.  One  of  the  most  common  methods  is 
the  Grignard  reaction,  which  involves  the 
interaction  of  a suitable  alkyimagnesium 
halide  with  a halosilanein  anhydrous  ether: 
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In  Ref  7 are  given  the  temp-compn  limits 
of  exp  In  for  9 alkylsilanes  with 

air  at  atm  press,  and  in  Ref  8 are  discussed 
the  combustion  and  expln  limits  of  several 
alkylsilanes  at  1 atm  press.  The  expln  temp 
decreases  in  the  order:  tetram  ethyl  si  lane 

K.  ^ «aL..V  -ml  1 mm  m \ J 1 m A»k«tl  pi  1 nn  A S M AlfU *f  1 — 
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silane  > vinyisiiane 

Some  alkylsilanes  may  be  considered  as 
suitable  components  of  liquid  rocket  fuels 
Refs:  1)A.L  adenburg,  Ann  164,  300-332 

(1872)  2)A.Stock,  "Hydrides  of  Boron 
and  Silicon,"  Cornell  Univ  Press,  Ithaca, 


->\tr  v - 

J) 


o.  a m r . 


"Die  Chemie  der  Metall-Organische  Ver- 
bindungen,"  Gebr  Bomtra'ger,  Berlin(1937) 
4)E. G. Rochow,  "The  Chemistry  of  Sili- 
cones," Wiley,NY(l946),  32  5)H.W.Post, 
"Silicones  and  Other  Organic  Silicon 
Compounds, " Reinhold, NY(  1949)  6)S. 

T anil enKaum ^ K ave  Sr  O.  TT  T . pnrpn 7 I ACS 

75,  3753-57(1953),  ( Synthesis  and  Proper- 
ties of  Some  Alkyl  Silicanes)  (17  refs)  7) 
R.L.Schalla&  G. E.McDonald,NACA  Tech 


Note  No  3405(1955)  & CA  49,  7248(1955) 
»)R,L, Sc’nalia  ec  al,  "Combustion  Studies 
of  Alkylsilanes,"  paper  reported  in  the  5th 
Symp  on  Combust. fteinhold.N'YMOAJ), 705* 
10(7  refs) 

N-Alkyl-N*  -(5-tetraxolyl)-ureas  and  N,N- 
Dlaikyj-N' -(5-tetrazolyi)-ureas,  such  as 
N-ethyl-C,HsNeO,  N53.83%,  nip  223-4°  with 

i4 M M_i-J l-f  NT  f*S  W C2  O 5W 

mp  287°  with  decompn  and  N,N-diethyl- 
C*H12NeO,  N 45.63%,  rap  237° 
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Although  these  compds  are  not  expl  they 
contain  enough  nitrogen  to  be  of  some  in- 
terest as  potential  gas-producing  components 
for  propellants  or  industri al  expls 
Ref:  L.F.  Audrieth  & J.W. Currier,  "Derivar 
tives  of  5- Aminotetrazole,”  Univ  of  Illinois 
Final  Rept  Part  B on  "Compounds  of  High 
Nitrogen  Content,”  Urbana,  111,  June  15, 

1954,  pp  75*8  (US  Ordn  Corps  Contract  No 
DA- 11-0  22-0  RD- 33) 

Alkyltetrazyl azides,  such  as  methyl-,  ethyl-, 
etc  were  patented  by  W.  Friederich,  USP 
2,170,9  4 3(1939)  & CA  34,  265(1940)  for  use 
as  high  expls  (See  under  individual  compds) 

Alkyltrimethylolmethane  Triacetates  or 

Alkyl-tris-hydroxymethylmethone  Tri acetates, 

RCfCHjO-OCCH^are  compds  prepd  by 
acetylatio n of  alkyltrimethylolmethane 
( Alkyltrisoxymethylmethan  in  Ger),  RQCH,- 
OH),.  These  acetates  were  patented  as 
gelatinizers  forNC's  and  acetylcelluloses 
for  use  in  expls  and  smokeless  propellants. 

A procedure  for  the  prepn  of  methyltrimetkylol- 
methane  triacetate,  CH,  CfCHjO.OCCHj),, 
is  given  in  Ref  1.  It  is  a liq,  bp  200°  at  80  mm 
In  another  patent(Ref  2)  it  is  claimed 
that  the  above  compds  act  as  stabilizers  for 
NC,  NG.  etc 

Refs:  l)Bombrini  Parodi-Delfino,  FrP 

79  3, 590(  19  36)  & C A 30,  45 17(  19  36)  2)P  aolo 

Parodi-Delfino,  USP  2,096,451(19  37)  & CA  32, 
357(1938) 

Alkyltrimethylolmethane  Trinitrates  or  Alkyl- 
tri  #-  hydroxymethyl  methane  Trinitrates, 

RC(CHa.  ONOj),,  are  compds  prepd  by  nitrat- 
ing alkyltrimethylolmethane s RC(CH,OH),. 
They  were  patented  for  use  as  expls,  either 
alone  or  In  roixts  with  other  substances 
Ref:  Bombrini  Parodi-Delfino,  FrP  771,599 
(1934)  & CA  29,929(1935) 

Alkyne*(  Acetylene  Secies).  A group  of  un- 
saturated aliphatic  hydrocarbons  of  the  gen- 
eral formula  contg  triple  bonds. 

These  compds  were  also  called  Alkines 
ALL  (Propel  I ant)  i s described  in  conf  "Pro- 
pellant Manual,”  SPIA/M2,  Johns  Hopkins 
Univ,  Silver  Spring,  M aryl  an  d(  1959),  Unit 
No  406 


Al  Ido  rf i t.  Same  as  Aldorfit 
Allege  Explosifs  (lightened  ExpIosives)(Ex- 
plosifs  de  mine  du  genre  die  allege)  are  Fr 
coal  mine  expls  of  low  packing  density  (0.6 
to  0.9}-  For  instance,  the  compn  AN  88  and 
nitro  poly  styrene  12%  has  a d 0.65 
Ref:  L.M4dard,  MP  34,  104(1952) 

Allenic  Compounds  are  derivs  of  allene  or 
propadiene,  also  called  dimethylenemethane, 
CHj : C:  CH4.  Allene  was  probably  first  prepd 
in  186 5( Ref  2),  but  the  hydrocarbon  was  not 
actually  identified  until  1872  (Ref  3).  A 
rather  general  method  for  the  prepn  of  allene 
by  treating  1,2-dihalopropene  with  Zn  dust 
in  ale,  was  first  used  in  1888(Ref  4).  Many 
other  methods  of  prepn  are  known  and  some 
of  them  are  described  in  Ref  5 

Numerous  haloallenes  are  known,  but  the 
perhaloallenes  of  the  type  XjC:  C : CX^ 
were  unknown  until  a study  at  the  Univ  of 
Calif,  LA  (Ref  5)  was  undertaken  as  part 
of  the  US  Dept  of  the  Army  Contract  DA- 
04-495~ORI9-527.  It  is  expected  that  compds 
such  as  telrafluoro allene,  FaC:  C:CFa  will 
be  of  interest  as  monomers  for  both  homo- 
polymerization  and  copolymeri zation  studies 
and  for  the  prepn  of  materials  similar  to 
Teflon  which  is  the  homopolymer  of  tetra- 
fluoro ethylene  FaCt  CF2.  This  study  is  being 
continued  as  of  1958 
Refs:  l)Beil  1,  248, ( 10 7), [223]  & l922l 

2) W.Pfeffer  & R.Fictig,  Ann  135,  357(1865) 

3) G.  Aarland,  JPraktChem  6,  265(1872) 

4) G.Gustavson  & N.  Demjanoff,  JPraktChem 

38,  201(1888)  5)T.L. Jacobs  & R.S. Bauer, 

"Chemistry  of  Allenic  Compounds,’  ’ Tech 
Rept  Univ  of  Calif,  Los  Angeles,  Calif, 

(June  1958)(  ASTI  A Document  No  137095) 

Note:  This  report  is  based  chiefly  on  the 
dissertation  by  R.S. Bauer,  "The  Synthesis 
and  Polymerization  of  Polyhalogenated 
Allenes,”  Univ  of  Calif,  LA(1958)(86  Refs) 
Allison  Powder.  A blasting  expl  consisting 
of  porous  black  powder  and  some  NG  ab- 
sorbed in  the  pores 

Refs:  l)CundilI,  MP  5,  281(1892)  2)Damel 

(1902),  8 

Allophonylazlde  ( Ailophan sSureazid,  in  Ger), 
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H2N.  CO.  NH.  CO.  Na,  raw  129.08  N 54.26%. 
Fine  crysts,  mp  195°(dec)  (Ref  2),  193-4° 
(dec)(Ref  4);  si  sol  in  ale,  nearly  insol  in 
w;  insol  in  eth,  benz  or  iigroin.  Was  first 
prepd  in  1898(Refs  1 & 2)  by  creating  allo- 
phanylhydrazi  de-hydro  chloride  with  aq 
KNOj  + HCl  in  the  cold.  This  procedure  was 
improved  by  Audrieth  et  al  and  a detailed 
description  of  the  method  is  given  in  Refs  3 
& 4 

Although  the  azide  could  not  be  purified 
by  recrystn  becauseof  its  instability  in  warm 
solns,  it  could  be  purified  by  subliming  a 
small  sample  at  150°  on  a hot  stage  micro- 
scope (Ref  3,  p 35) 

According  to  the  tests  conducted  at 
PicArsn,  allophanyl azide  is  practically  non- 
hygroscopic  (gain  in  wt  at  90%  RH  and  RT 
0.19%  in  24  hrs).  The  100°  thermal  stability 
test  showed  that  the  azide  is  appreciably  un- 
stable on  prolonged  heating  (loss  of  wt 
5.98%  in  24  hrs  and  7. 15%  in  48  hrs).  The 
impact  test  with  a 2 kg  wt  showed  that  the 
azide  is  insensitive.  Contact  with  a hot 
wire  did  not  cause  the  material  to  inflame 
to  a self-propagating  reaction  (Ref  3,  P 35) 

Thiele  & UhlfeIder(Ref  2)  obtained  a 
white  ppt  of  the  explosive  silver  salt  by 
treating  an  alcoholic  soln  of  allophanyl- 
azide  with  an  aq  soln  of  Ag  nitrate 
Refs:  l)Beil  3,  129  2)J. Thiele  & E. 

Uhlfelder,  Ann  303,  105-6(1898)  3)L.F. 

Audrieth  & P.G. Gordon,  "The  Chemistry 
of  Allophanyl  Hydrazide  and  Urazole," 

Final  Rep t March  15,  1954,  Univ  of  Illinois, 
Urbana,  111,  pp  33- 4 1( Contract  DA- 11-022- 
ORD-33)  4)L.F.  Audrieth  & P.G. Gordon, 

JOC  20,  247(1955)  & CA  50,  4060(1956) 
Allophanylhydrazide  or  Aminobiuret  ( Allo- 
phan  saurehydrazid;  Kohlen  saure-ureid- 
hydrazid  or  4-Carbaminyl-semicarbazid,  in 

Ger),  HjN  . CO . Nil . CO . NH . NHa,  mw 
118.10,  N 47.44%.  Yvh  crysts  mp  l66°(dec); 
sol  in  w,  ale  Si  MeOH  (Ref  3).  Was  first 
prepd  in  1898  (Ref  2)  in  the  form  of  its  hydro- 
chloride , CaH6N,02 . MCI,  by  reduction  of 
nitrobiuret  with  Zn  dust  in  aq  HCl.  At  the 
same  time  the  nitrate  and  picrate  were  prepd 


The  free  base  allophanylhydrazide  was 
prepd  by  Audrieth  et  al  (Refs  3 & 5)  in  good 
yield  (80%)  by  hydrazinolysis  of  methyl-  or 
ethyl-  allophanate  under  reflux.  Some  esters 
and  salts  of  allophanylhydrazide  were  also 
prepd  (Ref  3,  PP  17-27  & 42-6) 

Tests  at  PicArsn  showed  that  allophanyl- 
hydrazide is  not  sufficiently  compatible  with 
NC  for  use  in  propellants  (Ref  4) 

Refs : I)Beil  3#10Q  2)J. Thiele  & E.Uhl- 

felder,  Ann  303,  100- 4(  1898)  3)U.  F.  Audrieth 

& P.G.  Gordon,  * 'The  Chemistry  of  Allophanyl 
Hydrazide  and  Urazole, " Final  Rept  March  15, 
1954,  Univ  of  Illinoi s,  Urbana,  111,  pp  14*59 
4)J.P. Picard  & W.P.  Morton,  Letter  to 
Prof  F. Audrieth  from  PicArsn,  dated  May 
1955  (Contract  DA- 11-0  22-0  Rl>  33)  5)L.F. 

Audrieth  & P.G. Gordon,  JOC  20  , 246(19  5 5)  & 
CA  50,  4060(  1956) 

Alloxan  or  N,N-Mesoxnlyl  Urea  (Pyrimidine- 
terrone  or  Erythric  Acid  of  Brugnatelli, 
OC-NH-CO 

i I - 

OC-CO-NH 

mw  142.07,  N 19.72%,mp  dec  ca  170°.  Dark 
yel  crysts,  very  sol  in  w and  sol  in  ale.  Can 
be  prepd  by  oxidation  of  uric  acid  with  HNOs 
(Ref  5)  or  by  other  methods  (Ref  1) 

Several  investigators  have  reported  ex- 
plosions of  alloxan  after  long  storage  and 
while  attempting  to  open  a glass- stoppered 
bottle  containing  alloxan  by  filing  the  neck 
of  the  bottle  in  which  the  stopper  was  frozen 
(Refs  2 & 3).  One  of  the  reports  stated  that 
a bottle  of  Kahlbaum’s  alloxan  was  found  to 
have  developed  considerable  pressure  after 
storage  at  RT  for  1 year  (Ref  4) 

It  was  remarked(Ref  6)  that  if  it  was 
possible  to  nitrate  alloxan  to  the  dinitro 
stage,  the  resulting  product  would  be  a per- 
fectly oxygen- balanced  explosive 
Refs:  l)Beil  24,500,  (428)  & [30 1]  (In- 

cludes several  refs  of  prepn  described  in 
Ord  Synth)  2) A .S.  Wheeler  & M.T. Bogert, 

J ACS  32, 809(  19 10)  &CA  4,  1906  ( 19 10)  3) 

E.C.  Franklin,  JAC5  32,  1362(1910)  & CA 
4,3138(1910)  4)R.  A.Gortner,  J ACS  33, 

85(1911)  5)K  arrer(  1950), 80  2 6)L.F. 
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Audrieth  et  al,  ’’Compounds  of  High  Nitro- 
gen Content,”  2nd  Quarterly  ProgrRept, 

Univ  of  Illinois,  Urbana,  111,  April  1,1951 
Alloys  Suitable  for  Use  in  Ordnance  Plants 
should  be  acid  resistant,  heat  resistant  and 
nonreactive  with  explosives.  The  most  use- 
ful alloys  in  the  raanuf  of  acids  and  expls 
are  various  kinds  of  stainless  steels.  Among 
the  non-ferrous  alloys  may  be  cited  Chlorimet  2 
and  Chlorimet  3*  During  WWII  the  Germans 
used  some  high  temp  alloys  such  as  Bohler, 
Chromadur,  Remanit,  Sicromal,  Therm  an  it, 
Thennat,  etc 

Descriptions  of  various  alloys  are  given 
in  the  following  refs:  l)£L.Hoyt,  ’’Metals 

and  Alloys  Data  Book,”  Reinhold,  NY(1943) 

2) CIOS  Rept  File  No  2>4(  1946)  3)W- A. 

Luce,  ChemEngrg  55,  233  & 238(Feb  1946) 

4) F.Johnson,  ’’Alloy  Steels,  Cast  Iron 

and  Non-ferrous  Metals,”  Chem  Publ  Co, 
Brooklyn(  1949)  5)C.L.  Clark,  ’’High  Tem- 
perature Alloys,”  Pitman,  NY(1953)  6) 

Anon,  ’’Data  on  World  Wide  Metals  and 
Alloys,”  Engineering  Alloy  Digest,  Inc. 

Upper  Montclair,  N J ( 19 5 3)  7)J-L.Haughton 

& A.Prince,  ’’The  Constitutional  Diagrams 
of  Alloys,”  Institute  of  Metal s,London(  1956) 
(Bibliography)  8)M.C. Smith,  ’’Alloys  Series 
in  Physical  Metallurgy,”  Harper,  NY(1956) 

9)P  ATR  2510(1958),  p Ger  3 

Alloys,  Analysis  is  discussed  in  the  follow- 
ing refs:  1)W. W. Scott  & N.H.  Furman, 

"Standard  Methods  of  Chemical  Analysis,” 

Van  Nostrand,  NY(1939),  vol  2,  1348-1509 
2)F.Twyman,  "The  Spectro chemical 
Analysis  of  Metals  or  Alloys,  Griffin  & Co, 
London(194l)  3)CH.  Burton,  "Analytical 
Methods  for  Aluminum  Alloys,”  Aluminum 
Research  Institute,  Chicago  ( 1948)  4)M. 

Jean,  "Precis  d’ Analyse  Chimique  des 
Aciers  et  des  Fontes,  "Dunod,  ParJs(1949) 

5) I.M.Kolthoff  & J.J.Lingane,  "Polar- 
ography,”  Interscience,  NY(1952),  582-620 

6) W.  F.HiUebrand  & G.  E.  F.Lundell  "Ap- 
plied Inogranic  Analysis,”  Wiley,  NY(l95  3) 

7) G.H. Osborn  & W. Stress,  "Analysis  of 
Aluminum  Alloys,”  Chapman  & Hall,  London 
(1953)  8)E.C.Pigott,  "Ferrous  Analysis” 


Wiley,  NY(  1953)  9)MASTM  Methods  of 
Chemical  Analysis  of  Metals,  "Amer  Socy 
for  Testing  Materials,  Philadelphia,  Penna 
(1956)  10)"Review  of  Analytical  Chem- 
istry” in  Anal  Chem,  beginning  1953 
Allumage  (Fr).  Ignition  or  priming  (of  a 
grenade) 

Allumeur  (Fr).  Igniter;  any  burning  substance 
used  to  touch  off  a charge;  primer  (of  a 
grenade) 

Allumeur  de  surete  (F).  Safety  igniter  or 
fuse 


ALLYLACETONE  AND  DERIVATIVES 


Allylacetone  or  5-Hexen-2-one,  CH3:CHr 
CHa . CHa . CO . CH,,  raw  98. 14;  col,  mobile 
liq,  bp  129-5°,  d 0.841  at  20/  20°,  vap  d 
3.  39(  air  = 1.00),  Q,  856.5  kcal/mol.  Was 
first  prepd  in  1877  by  heating  allyacetic 
ester  with  ale  KOH(Ref  2).  Several  other 
methods  of  prepn  are  listed  in  Ref  1.  Its 
fire  hazard  is  moderate  and  toxicity  is 
unknown  (allyl  compds  are  generally  toxic). 
It  can  react  with  oxidizing  materials 
Refs:  l)Beil  1,7  34,(38  2)  & (79 2l  2)F. 

Zeidler,  Ann  187,  35(1877) 

Allylacetone  Ozanide  or  Acetoneailyl 
Ozonide.  If  the  formula  of  this  compd, 


CH  — CH  . CH , . CH, . C . CH, 

\V  /\ 

0,  0-0 


is  correct,  it  is  an  Ozonide-peroxide,  mw 
162.14,  OB  to  CO  -118.4%,  syrup  d 118.4%; 
expl  violently  on  heating  and  dec  on  boil- 
ing with  w.  Was  prepd  by  ozonization  of 
allylacetone 

Refs:  l)Beil  1,734  2)C Harries  & K. 

Landheld,  Ann  343,  348-9(1905) 

Allylacetone  P eroxide— Ozonide.  Same 
as  previous  compd 

Allyl  Alcohol  or  Vinyl  Corbinol,  CH,  :CH: 
CHjOH,  mw  58.08.  Col  liq  with  pungent, 
mustard-like  odor;  it  is  irritating  to  the 
eyes;  mp  -50°,  bp  96-7°  d 0.8540  at  20°/ 4°, 
n ^9  1.41345,  fl  p 70°F(open  cup).  Mi  sc 
with  w,  ale,  chlf,  eth  & petr  eth.  Can  be  prepd 
by  hearing  glycerin  with  formic  acid(Refs 
I At  2)  or  by  other  methods.  Used  forthemanuf 
ofwargas,  resins  andplasticizers(  Ref  3) 
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It  forms  an  ozonide  which  is  very  un- 
stab^  Ref  1). 

Refs:  l)Beii  1,  436-7,  (224-5)  & [474-7] 

2)OrgSynth,ColiVoI  1(1944),  42  3)Merck 
(1952),  34-5  4)Sax(  1957),  252 
Ally! amine.  See  Aminopropene 
Ally)  amine' Diphenyl  carbamide  Complex.  See 
under  Diphenylcarbamide  Complexes  Suit- 
able as  Stabilizers  and  Gelarinizers  in  Smoke- 
less Propellants 

Allylamine  Perchlorate.  See  under  Aminopro- 


pene 


Allylamine  Picrate.  See  under  Aminopropene 
5-(Allylamino)-l-amlno-a-tetraxole  or  5-(Allyl- 
amino)-l*amino-lH-tetrazole, 

(CH, : CH . CH,) . HN . C-N(NH,)-N 


■—I ' 


raw  140.15,  N59.97%.  Lt  yel  ndls,  mp  94°. 
Was  prepd  from  allylthiosemicarbazide,  Na 
azide  and  Ph  oxide  as  described  in  Ref  2 
Because  of  its  high  nitrogen  content,  it 
might  be  of  interest  as  a component  of  pro- 
pellant compns 

Refs:  i)Beil— not  found  2)R.Stolle  & 

E.Gaertner,  JPraktChem  132,  212  & 220 
(1931);  CA  26,  1608(1932) 

ALLYLAM1NOTETRAZOLES 
l-Allyl-S-amino-a-tetraxole  or  1-Allyl*5- 
amino- lH>tetrazole, 

H,N  . C-N(CH, . CH : CH,)-N 

It  II  ■ 

N -N 

raw  125-14,  N 55.97%,  OB  to  C02  -147.0%, 
OB  to  CO  -95.9%.  Crysts  (from  w or  et 
acetate)  127  -130.5°,  675.8  kcal/mol 

and  QfSAA  kcal/mol(Ref  5).  Can  be  prepd 
by  diazotization  of  aminoguanidine  and 
cyclization  of  the  resulting  l-allyl-2- 
azidoguanidine  (Ref  2)  or  by  refluxing  5* 
aminotetrazole,  aq  NaOH  and  allylbromide 
as  described  in  Ref  4.  In  the  latter  method, 
the  2-allyl-5-amino-/3-tetrazole  was  ob- 
tained as  a by-product 

Because  of  its  high  nitrogen  content, 
it  might  be  of  interest  as  a component 


of  propellant  compns 
Note:  Henry  et  al  reported  that  1- ally!- 5- 
aminotetrazole  undergoes  a reaction  of 
thermal  isomerization  with  the  formation  of 
5- ally  1 ami  no-  1H-  te  tr  a zo  1 e , 

( CHj : CH . CH,) . HN . C-NH  -N  , 

N- N 

when  treated  as  described  in  Ref  3 
Refs:  l)Beil'—  not  found  2)W.C. Finnegan, 

R.A.Henry  & E.Lieber,  JOC  18,  779  & 788 
(1953)  & CA  48,7007(1954)  3)R.A.Henry, 
W.G.Finnegan  & E.Lieber,  JACS  76,88-93 
(1954)  & CA  49,  2427(1955)  3)R.A.Henry 
& W.G.Finnegan,  JACS  76,  928(1954)  & CA 
49,  10940(1955)  5)M.M. Williams  et  al, 

JPhysChem  61,  261-3  & 265(1957) 
2-Allyl-5-amino-/3-tetrazole  or  2-Allyl-5- 
amino-2H-tetrazo]e, 

H,N . C —N-N  .(CH, . CH  '■  CH,)  , 


raw  125. 14, N 55-97%,  OB  to  CO,  -147.0%, 

OB  to  CO  “95.9%.  Crysts,  mp  67-8°,  <£ 

68 2.9  kcal/mol  & Qj  -67.6  kcal/mol  (Ref  3). 
Was  obtained  as  by-product  in  the  prepn  of 
l-aIiyl-5-amino-<z-tetra2ole  from  5- amino- 
tetrazole,  aqNaOH  and  allylbromide,  as 
described  in  Ref  2 

Because  of  its  high  nitrogen  content, 
it  might  be  of  interest  as  a component  of 
propellent  compns 

Refs:  l)Beil— not  found  2)R.  A.Henry  & 

W.G.Finnegan,  JACS  76,  926(1954)  & CA  49, 
10940  (1955)  3)M.Kf. Williams  et  al,  JPhys- 

Chem 61,  226  Sc  265  (1957) 

ALLYLANILIHE  AND  DERIVATIVES 
N- Ally! aniline  or  Phenylallylamine  CH, : 

CH  . CH, . HN . C8H,  is  listed  in  Beil  12, 

170,  (162)  & [961 

Nr  Ally  l aniline  Azide , C9H10N4— not  found 
in  Beil  or  CA  through  1956 
N-Allylnitroaniline,  C,Hl0N,O„  mw  178.19, 

N 15-72%.  The  following  isomer  is  known. 
N-Allyl-o-nitrooniline,  red  oil  bp  174-5°  at 
12  mm.  Was  prepd  by  oxidation  of  N-allyl- 
0- amino  aniline  with  FeCl,  and  p-benzoquinone 
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Refs:  l)BeiI—  not  found  2)V.C.  Barry 

et  al,  JCS  1956,894 

N-Allyldinltroaniline,  C^N/^,  mw  223.19, 
N 18.83%*  The  following  isomer  is  known: 
N-Allyl-2f4-dlnifroaniline,  yel  ndls,  mp  75-6° 
Was  prepd  by  treating  ailyamiQe  with  bromo- 
dinitro benzene.  Its  expl  props  were  not  ex- 
amined 

Refs:  l)Beil  1,751  2)P.vanRomburgh, 

Rec  4,  192(1885) 

N- All yi-trirtitroan ll !ne,  QHgN^O*,  mw  268. 19, 
N 20.89%*  The  following  isomer  is  known: 
N-Allyl-2,4,6-Trin»troon»line,  called  by  P. 
van  Romburgh  Trlnltfophenylallylamlne, 

CH, : CH . CH, . NH . C6H,(NO,)s;  solid,  mp 
80°;  was  prepd  from  picrylchloride  and  allyl- 
amine.  Its  expl  props  were  not  examined 
Refs:  l)Beil  12,  765  2)P*  van  Romburgh, 

Rec  4,  192(1885) 

Note:  In  the  CA  formula  index  for  1956,  the 
formula  C,H#N40#  is  assigned  to  allylamine- 
picrate,  which  is  evidently  in  error  as  it  is 
an  addition  salt  with  the  empirical  formula 
C,H,m  (see  under  Aminopropene) 
N-Allyl-tetranitroaniline,  C,H7N5  Os— not 
found  in  Beil  or  CA  through  1956 
Allylozlde;  3-Triazopropene  or  3-Azido-l- 
propene,  N3 . CH, . CH : CH,  mw  83.09,  N 
50.57%.  Mobile  liq,  bp  76.5°,  d 0.924  at 
25/ 25^  decomp  violently  on  adding  of  cooed 
HjS04;  its  vapor  explodes  when  heated.  Was 
first  prepd  by  heating  an  ale  soln  of  allyl 
chloride  with  an  aq  soln  of  NaN,.  Fridman 
(Ref  3)  studied  its  oxidation  reaction, 
Sheinker  & Syrkin  (Ref  4)  detd  its  vibra- 
tional spectra  and  Shott-L'vova  & Syrkin 
(Ref  5)  its  dipole  moments 

Refs:  l)Beil  1,  203  & 1 715 1 2)M.O. 

Forster  & H.E.Fierz,  JCS  93,  1177(1908) 
3)S.G. Fridman,  ZapInstChemUkr  4,  351" 
5(1937)(p  356  in  Rus  & pp  356-7  in  Ger)  & 

CA  32,  5373(1938)  4)Yu.N.  Sheinker  & 

Ya.K.Syrkin,  IzvestAkadN,  SerFiz,  14,478 
(1951)  & CA  45,3246(1951)  5)E.A.Shott- 
L’vova  & Ya.K.Syrkin,  DoklAkadN  87,639 
(1952)  & CA  47,6203(1953) 
Allylbonzoneozonido  or  Phenylollylozonido, 


C,H,  C8H,  .03,  liq,  bp  70°  at  0.5  mm,  d 
1.1361  at  20°,  nD  1-5132  at  20°.  Can  be 
prepd  by  ozonization  of  allylbenzene  using 
the  method  of  Harries  (Ref  1)  for  ozoniza- 
tion of  org  compds.  A detailed  description 
of  its  prepn  is  given  by  Ryffel(Ref  3).  Briner 
et  al  (Ref  4)  detd  the  following  props  of 
allyibenzeneozonide:  soly  in  benz,  Raman 
spectra,  UV  absorption  spectra,  dielectric 
constants  and  dipole  moments 
Note:  According  to  Dr  H.  Walter  of  PicArs 
this  ozonide  is  an  explosive 

A dimer  of  allyibenzeneozonide  was 
obtained  from  the  distn  residue  of  monomer 
Refs:  l)Beil-not  found  2)C.Harries 

et  al,  Ann  343,  311-75(1906);  374,288-368 
(1910);  390,235-68(1912)  & C A 6,2754(1912) 
3)K.Ryffel,  Thesis,  Univ  de  Geneve 
(1939)  4)E- Briner  et  al,  Helv  22,  927-34 

(1939)  & CA  33,8068(1939) 

N-Altyl'N1  ,N*  -diphenylurea  (Di  phenyl  carb- 
amyl  allyl  amine),  (C^H, ),  ■=  N . CO . NH— CH,r 
CH : CH,,  mw  252.30,  OB  to  CO  -145.9%. 

Wh  crysts,  mp  82-83.9°,  Qc  2044  keal/mol 
& 7.97  kcal/mol(Ref  3);  sol  in  methanol, 

acet  8c  ale.  Can  be  prepd  by  refluxing 
carbamylurea  with  allyl  amine  and  anhydrous 
Na,COj(Ref  2).  It  was  suggested  as  a pos- 
sible stabilizer  or  gelatinizer  of  NC  in  pro- 
pellants (Refs  2 & 3) 

Refs:  l)Beil— not  found  2)R.Levy,  MP 

32,  309  & 312(1950)  3)P* Tavernier  & M. 

Lamouroux,  MP  37,71  & 83(1956) 

Allyl  Ethers  of  Carbohydrates.  A number  of 
compds,  such  as  allyl  glycerol,  allylglycol, 
allylmannitol,  allylsorbitol,  allylpenta- 
erythritol,  etc  were  prepd  during  and  after 
WWII  by  Nichols  & Yanovsky.  They  also 
discussed  previous  work  on  this  subject 
and  listed  several  refs.  According  to  them 
the  first  compd  of  this  type  was  triallyl- 
glycerol  prepd  in  1856  by  M.Berthelot  & S. 
de  Luca 

Refs:  1)P.L. Nichols,  Jr  & E.Yanovsky, 

JACS,  66,  1625-7(1944)  2)Ibid,  67,  46-9 
(1945) 

Note:  Some  of  the  above  carbohydrate  ethers 
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were  nitrated  to  form  expl  derivs,  eg 
allylpentaerythritol  trinitrate  and  are  de- 
scribed individually 

ALLYLGUANIDINE  AND  DERIVATIVES 

N-Allylguanidlne,  CH2 : CH . CH2 . NH . C(:NH)-. 
NHj  has  been  described  in  Beil  4,210  & 

[664]  in  the  form  of  salts,  among  them  the 
picrate 

N- Ally  l guanidine  A zide,  'C4HBNe— was  not 
found  in  Beil  or  CA  through  1956 
N-Allyl-Nf  -nitroguonldine  or  l-Allyl-3-3- 
nitroguanidine,  CH2 : CH  . CH2 . NH  . C(:NH): 
NH.NOj,  mw  144.14,  N 38.87%;  crysts,  mp 
107-8°.  Can  be  prepd  by  the  interaction  allyl- 
amine  and  N-me thy  1-N' -nitro guanidine  by 
the  method  B of  Ref  3.  This  high  nitrogen 
compd  which  may  be  suitable  as  a component 
of  propellants  was  also  prepd  at  the  US  Naval 
Powder  Factory  and  described  in  conf  rept 
(Ref  2) 

Refs:  l)Beil— not  found  2)US  Naval 

Powder  Factory,  Indian  Head,  Md,  Quarterly 
Rept  No  2,  1 March  to. 3 1 May  1948  3)A.F. 

McKay,  JACS  71,  1968-9(1949)  & CA  43, 
9035(1949) 

Aliylnitrote,  CH2 : CH . CH2 . ON02,  mw  103.08, 
N 13.59%;  col  limpid  liq  with  suffocating 
odor,  bp  106-106.8°,  d 1.07  at  20/4°,  1.417 

at  20°;  insol  in  w.  Was  prepd  by  Henry  by 
treating  aliylbromide  with  Ag  nitrate  in  ale 
(Ref  2)  and  by  Desseigne  by  treating  allyl- 
alcohol  with  raixt  HNO}/AcaO(Ref  3).  It  is 
an  explosive 

Refs:  l)Beil  1,438  2)L. Henry,  Ber  5f 

452(1872)  3) G. Desseigne,  Bull Fr  1946, 

98-9  & CA  41,92(1947) 

Note:  Not  listed  in  Beil  3td  Suppl,  vol  1, 

part  2(1958) 

Al  I y Ini  trite,  CH2 : CH  . CH2 . ONO,  mw  87.08, 

N 16.09%-  Liq  which  does  not  freeze  at 
-20°;  bp  43.5-44.5°,  d 0.9546  at  0°;  insol 
in  w;  its  vapor  expl  at  100°.  Was  prepd 
by  treating  allylalcohol  with  glycerinenitrate 
as  described  in  Ref  2.  Tarte  deed  its  in- 
frared & UV  spectra  (Ref  3) 

Refs:  l)BeiI  1,  438  2)G.Bertoni,  Gazz 

15,  364(1885)  & JCS  50  1,  218(1886)  3)P- 


Tarte,  BulIBelg,  60,240(1951)  & CA  46,826 
(1952);  J ChemPhys  20,  1570(1952)  & CA  47, 
7322(1952) 

Note:  Not  listed  in  Beil,  3rd  Suppl,  vol  1, 
part  2(1958) 

Aliyl,  Nitro-;  y-Nitropropylene  or  3-Nitro- 
propene,  0,N  . CHa . CH : CHa,  mw  87.08,  N 
16.09%-  Col  liq,  bp  125-30°,  d 1.051  at  21* 
sometimes  explodes  on  distn;  insol  in  w,  sol 
in  ale  & eth.  Can  be  prepd  by  creating  allyl- 
bromide  with  Ag  nitrate  in  ether 

Some  of  its  salts  are  expl,  eg  the  sodium 
salt,  Na.CjH4,N02;  ndls,  easily  sol  in  w; 
expl  when  heated  above  200° 

Refs:  l)Beil  1,203  2)P.Askenasy  & V. 

Meyer,  Ber  25,1701-3(1892) 

Allylnitrollc  Acid, 

/NOa 

CHa : CH  . cC  , mw  116.08,  N 24. 14%, 
^NOH 

OB  to  COa  -68.9,  OB  to  CO  “27.6%.  Crysts, 
mp  ca  68° (in  capillary  tube);  expl  violently 
ca  950;  sol  in  w and  eth.  Can  be  prepd  by 
the  action  of  nitrous  acid  (NaN02  + H2S04) 
on  sodium  y-  nitropropylene  in  aq  soln 
Refs:  l)Beil  2,  400  2)P.Askenasy  & V. 

Meyer,  Ber  25,1703-4(1892) 
2-Allyloxymethyl-2-hydroxymethyl-  1,3- 
propanediol  Trinitrate;  Monoallylpentaeryth- 
ritoi  ether  Trinitrate  or  Pentaerythrifol* 
monoallyfether  Trinitrate, 

pi2 . ono2 

OjNO . H2c  -C-CH2-0  -CH2 . CH : CH2, 

CH2 . ONOs 

mw  311.22,  N 13.50%,  OB  to  C02  -64.3%, 

OB  to  CO  -23.1%.  Liq,  d 1.373  at  20°/ 20°, 
n^  1.4797.  Can  be  prepd  by  nitrating 
monoallylpentaerythritol  ether.  It  might 
be  suitable  as  a gelatinizer  for  NC  (see 
also  Diallylpentaerythritol  Ether  Dinitrate^ 
Refs:  l)Beil— not  found  2)R. Evans  & 

J.A.Gallaghan,  JACS  75,  1248-49(1953) 

& CA  49,  3811(1955) 

ALLYLP  ENTAERYTHRITOL 
AND  DERIVATIVES 

Allylpentaerythritol;  Monoallylpentaerythritol 
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Ether  or  2-[(Al!yloxy)methyl]-2-(hydroxy- 
methyl)-lr3-proponedio»/CH  QH 

I 2 

CH, : CH . CHa . O . CHa . C . CH2OH, 

CH2.OH 

col  liq,  bp  148-50°  at  1 mm,  d I.135  at  20°/ 

20°,  nD  1,4843  at  20°.  Was  first  prepd  in 
an  impure  state  by  Nichols  & Yanovsky  from 
PE  and  allylbromide,  as  described  in  Ref  2. 
Evans  & Gallaghan  (Ref  3)  prepd  it  in  35% 
yield  by  treating  a suspension  of  PE  in 
dioxane  with  an  aq  KOH  soln  followed  by  the 
addition  of  allylchloride 
Refs:  l)Beil— not  found  2)PX. Nichols, 

Jr&  E.Yanovsky,  J ACS  67,  47-8(1945)  3) 

R, Evans  & J.  A.Gallaghan,  JACS  75,1248-9 
(1953)  & CA  49,  3811(1955) 

Allylpentaerythritol  Azide,  C8H15Nj04— not 
found  in  Beil  or  CA  through  1956 
Allylpentaerythritol  Mononitrate,  C0H1SNO6— 
not  found  in  Beil  or  CA  through  1956 
Allylpentaerythritol  Dinitrate,  CjH^jOg-not 
found  in  Beil  or  CA  through  1956 

Allylpentaerythritol  Trinitrate  or  2-[(Allyl- 
oxy)methyl]-2-(hydroxymethyl)- 1,3-propane- 
diol Trinitrate, 

CH. . ONO. 

I 

CH, : CH . CHj . 0 . H2  C-C-CH, . ONO„ 

CH, . ONO, 

mw  311.21,  N 13.50%.  Col  liq,  d 1.373  at 
20/  20°,  nj}  1.4797  at  20°.  Was  prepd  by 
nitrating  allylpentaerythritol  (Ref  4) 

The  props  of  this  liq  explosive  were 
investigated  at  the  US  Naval  Powder  Factory 
and  are  discussed  in  confidential  reports 
(Refs  2 & 3) 

Refs:  l)Beil— not  found  2)US  Naval 

Powder  Factory,  Indian  Head,  Maryland, 
“Propellant  Research  and  Development 
Problems,”  Monthly  Progress  Rept  No  14 
(15  Oct,  1947),  p 10  (Conf)  3)Ibid,  Quar- 
terly Report  No  1,  Dec  1,  1947  to  Feb 
29,  1948  (Conf)  4)R. Evans  & J. A.Galla- 

ghan, JACS  75,  1249(1953)  & CA  49, 

38  IK  1955) 


Allylpentaerythritol  Trinitrate,  Polymer  is 

discussed  in  US  Naval  Powder  Factory 
conf  reports  listed  as  Refs  2 & 3 under 
Allylpentaerythritol  Trinitrate 

p-Allylphenylmethylether.  Same  as  Anethole 
Allylphthoiate.  Same  as  Diallylphthalate 

Allylplcrote,  Picryiiallylether  or  Allyl-2,4,6- 
trinitrophenyi ether,  (OjN^CjHj-O-CH, . * 

CH:  CH2j  mw  269.17,  N 15.61%,  OB  to  C02 
~86.2%.  Col  crysts,  mp  85-90°,  Q*  1019.7 
kcal/mol.  Can  be  obtained  either  by  the 
interaction  of  picrylchloride,  allylalcohol  & 
KOH(Ref  2 & 4)  or  from  allyliodide  & Aram 
picrate  (Ref  3) 

Allylpicrate  is  an  expl  about  85%  as  power- 
ful as  TNT  as  judged  by  the  Trauzl  lead  block 
test  (Ref  4) 

Refs;  l)Beil  6,  [281]  2)A,Fairboume  & 
G.E. Foster,  JCS  1926,  3148  & CA  21,  IO96 
(1927)  3)L-C.Raiford  & D.M. Birosel,  JACS 
51,  1778,  footnote  15(1929)  4)A.H.Blatt& 

A. W. Rytina,  JACS  72,  3274(1950)  & CA  44, 
10673(1950) 

Allyltetrazole,  C4H4N4— not  found  in  Beil  or 
CA  through  1956 

Allyltetrazole , Azide,  C4HsN7-not  found  in 
Beil  or  CA  through  1956 
Allyltetrazole , Nitrated  Derivatives— not 
found  in  Beil,  or  CA  through  1956 

ALLYLTRIAZOLE  AND  DERIVATIVES 
1-Allyl-sym-tri azole  or  1-Allyl-lH-l, 2,4-triazole 

HC-N(CHj . CH : CH.)-N 

1!  II 

N CH 

raw  109.13,  N 35.51%.  Col  liq,  bp  i98°,  d 
1.056  at  18°;  easily  sol  in  w,  ale  & benz. 

Was  prepd  by  heating  1,2, 4- triazole  with 
Na  ethylate  sola  and  allylbromide  at  100° 

Refs:  l)Beil  26,  14  2)G.Pellizzari  & 

A. Soldi,  Gazz  251,  381(1905)  & JCS  88  I, 
673(905) 

1-Allyl-azidotriazole,  CSH6N6— not  found  in 
Beil  or  CA  through  1956 
l-Allyl-nitrotrictzole,  CsH4N4Oa— nor  found 
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in  Beil  or  CA  through  1956 
1 - Al  I yl  -di  ni trotriozole,  C5HsN304  - 

not  found  in  Beil  or  CA  through  1956,  but 
described  in  confidential  Naugatuck  Chem- 
ical Co  Progress  Rept  of  June  15-Aug  15, 
1949,  P 3,  NORD  10121 
Allyl  Type  Alcohol %,  Polymerized.  See  under 
Polymerized  Alcohols 
Allylene(Propyne  or  Propine),  CH3 . C:  CH, 
mw  40.06.  Gas,  mp  -102.7°,  bp  -23.2°.  SI 
sol  in  w,  sol  in  ale  & eth.  Its  toxicity  and 
fire  & expln  hazards  are  discussed  in  Ref  3 
It  was  reported  that  an  expln  occurred 
when  an  attempt  was  made  to  carry  out  the 
reaction  HCiC.  CH2C1  + 2NHS  = NH4C1  + 

HC  : C.  CHjNHj  in  a 1-liter  steel  vessel 
with  an  initial  NH3  pressure  of  8 atm.  The 
expln  was  ascribed  to  a slow  induction 
period  followed  by  rapid  acceleration  of 
the  reaction  rate  (Ref  2) 

Refs:  l)Beil  1,246,(106),  [222]  & [9191 

2)E.Banik,  CA  50,  14229(1956)  3)Sax 
(1957),  255 

Almatrites  (Almatrity  in  Rus). Commercial 
expls  developed  in  Russia  in  1925-  They 
contain  chlorates  and  perchlorates  together 
with  combustible  org  materials  and  are 
claimed  to  be  as  stable,  but  less  sensitive 
than  Cheddites.  Following  are  compns  and 
some  props  of  Almatrites:  a )Kaliialma- 

trit  A 'c  55'  K chlorate  88  and  combustible 
(consisting  of  vaseline  5,  paraffin  30  and 
rosin  65)  12%;d  1.15  and  hrisance  10.2  mm 
(compression  of  lead  cylinder)  vs  18.0  mm 
for  TNT  b ) N atriialmatrit  No  19:  Na 

chlorate  90  combustible  (vaseline  5,  paraffin 
92.5  & rosin  2.5)  10%;  d 1.40  and  bris- 
ance  14.0  mm  c)Ammonalmatrit  No  98‘ 

Aram  chlorate  89,  combustible  (vaseline  8, 
paraffin  27  and  rosin  65)  11%;  d 1.17  & 
brisance  16:2  mm 

Ref:  E. Spiral’ skii  & E.Krause,  SS  20,  120-1 
& 134-5(1925)  & CA  20,  1141(1926) 

Almidon  tetranitrico  (Sp).  Starch  Tetranitrate 
or  Nitrosrarch  (see  under  Starch) 

Aloe,  Nitrated.  In  1876  Trench,  Faure  & 
Mackie  in  England,  patented  explosives 
contg  nitrated  aloe  (or  other  nitrated  cel- 


lulosic  material),  collodion,  char  coal,  rosin, 
ozocerite,  etc 

Ref:  Daniel  (1902),  77% under  Trench,  Faure 
et  Mackie) 

Aloeemodine  or  4,5,2'  * Tri hydro xy-2-m ethyl- 
anthraquinone  (4. 5. 2'  -Trio xy- 2-methyl- anthrachinon 
Isoemodin,  3-Oxyraethylchrysasin  or  Rhabarberoo, 
in  Ger), 

/CO 

HO . c.hX  >c6h2(OH)  . ch2oh, 

CO 

orange-red  ndls,  mp  224-225. 5°, is  described  in 

Beil  8,  524,(745)  & [565] 

Azidoaloeemodine,  C15H9N30j  —not  found  in 
Beil  or  CA  through  19 56 

Nitroaloeemodine,  C1JH9N07— not  found  in  Beil 
or  CA  through  1956 

Dinitroaloeemodiney  C,s  HjN209-.not  found  in 
Beil  or  CA  through  1956 
Trinitrocdoeemodine,  C,  jH^NjOjj— not  found 
in  Beil  or  CA  through  1956 
Tetranitroaloeemodine  or  1, 3,6,8- Tet ran itro- 
4,5,2'  -trihydroxy-2-methyl-anthraquinone 
(Called  in  Beil  1.3.6.8-Tetranitro-4.5»2' - 
trioxy- 2-methyl- anthrachinon  or  Tetranitro- 
aloeemodin),  CO 

(HO)(OaN)a . C.H^  /C.(NOl)a(OH) . CHaOH. 

CO 

mw  450.23,  N 12.45%-  When  anhydrous  golden- 
yel  ndls  (from  AcOH);  mp-  begins  to  softeQ  ca 
285°  and  then  puffs  off;  its  monohydrate, 
orange-red  crysts  (from  ale),  which  softens 
ca  130°  and  puffs  off  at  higher  temp;  si  sol 
in  w,  sol  in  ale.  Was  first  prepd  in  1841 
(Ref  2)  under  the  name  of  "Aloetin saure,” 
or  "Aloeresin saure”  as  one  of  the  nitration 
products  of  some  aloe  derivs.  Its  composi- 
tion was  established  in  1848  (Ref  3).  There 
are  other  methods  of  prepn,  but  the  simplest 
method  seems  to  be  nitration  of  aloeemodine 
with  nitric  acid  (d  1. 5)  with  cooling  as  de- 
scribed in  Ref  5 

Several  metallic  salts  are  known  of  which 
the  Ba  salt  deflagrates  and  the  Ag  salt  expl 
on  heating  (Ref  4) 

Refs:  l)Beil  8,  525  & (745)  2)E.Scbunck, 

Ann  39,  4 & 24  (1841)  3)E.Schunck,  Ann 
65,  235(1848)  4)C.Finckh,  Ann  134,  236:40 
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(1865)  5)E-Leger,  CR  151,  1129(1910); 

CA  5,  1400(1911)  & BuliFr  [43  9,  90(1911) 

Tetranitroaloeemodine  Nitrate,  C15HsNs015  — 
not  found  in  Beil  or  CA  through  1956 
Alox  600-  A polar  wetting  agent,  one  of  a 
series  of  complex  methyl  esters  of  high  mol 
wt  alcohols,  acids  and  lactones,  manufd  by 
the  AloxCorp,  Niagara  Falls,  NY.  It  is 
suitable  as  an  additive  (1  to  10%)  to  petrol- 
eum waxes  (eg  “Aristowax  160-165”  of  the 
Union  Oil  Co  of  Calif)  to  serve  as  a de- 
sensitizer foe  RDX  or  other  expls,  thus  re- 
placing previously  used  beeswax.  Such  a 
modified  petroleum  wax  will  wet  RDX  in 
water  in  the  same  way  as  does  beeswax  and 
seems  to  have  about  the  same  desensitizing 
action  as  beeswax.  A series  of  such  mixts 
were  developed  in  the  USA  during  WW  II,  as 
for  instance,  Bruceton  I Vax  No  10,  which  con- 
sisted of  "Aristowax  160-165’  ’ 90  and  “Alox  600’  ’ 
10% 

Refs:  1)C. Young  & K. Coons,  “Surface  Active 

Agents,”  Chem  Pub  Co,  NY(1945)  2) Anon, 

Summary  Technical  Report  of  Division  8, 

NDRC,  “The  Preparation  and  Testing  of 
Explosives,”  vol  1,  Washington,  DC  (1946), 

30 

Aloxite.  A trade  name  for  an  abrasive  prepd 
by  fusing  alumina  (bauxite)  in  an  electric 
furnace  ^ 

Note:  This  abrasive  might  be  of  use  in 
primary  compns  in  lieu  of  glass,  etc 
Refs:  l)Hackh(  1944),  37  2) Webster’s 

New  International  Dictionary,  Merriam  Co, 
Springfield,  Mass  (1951),  73 
Alperox  C.  Trade  name  for  tech  lauroyl 
peroxide  manufd  by  the  Lucidol  Division 
of  Wallace  & Tieraan,  Inc,  Buffalo,  NY 
Alpha-Cellulose  is  that  portion  of  cellulosic 
raaterial(pulp,  paper,  etc)  which,after  treat- 
ment with  17,5%  NaOH(mercerized  strength) 
at  20°  and  diin  to  7.3%  NaOH,can  be  sep- 
arated by  filtration.  The  residue  of  alpha- 
cellulose  is  a good  index  of  the  undegraded 
cellulose  content  of  the  material.  The  alkali 
treatment  removes  degraded  (oxidized  or 
hydrolyzed)  cellulose  and  short  chain  ma- 
terial. Some  pentosans  and  hexosans  may 


be  included  with  the  alpha-cellulose  (See 
also  Beta-  and  Gamma- Cellulose) 

Refs:  1)US  Spec  J AN-C-2l6,Dec  7,1945, 

“Cellulose  Woodpulp(Sulfite)”  (For  use 
in  explosives)  2)Ott,  5,  part  1(1954),  12 
3)ASTM  Standards,  Part  7,  Test  D 588*42, 
Philadelphia(1955),  843‘8(Same  as  TAPPI 
Standard  Method  T 429_48) 

Alpha-Compounds,  such  as  a-Mononitronaphtha- 
lene,  a- Trinitrotoluene,  etc  are  listed  under 
the  corresponding  parent  compds,  such  as 
Naphthalene,  Toluene  etc 
Alpha  Particles  as  Initiators  of  Detonation. 
According  to  some  investigators  a-particles 
emitted  by  radium  or  other  sources  can,  by 
irradiation,  initiate  the  detonation  of  very 
sensitive  expls,  such  as  nitrogen  iodide, 
but  not  of  expls  such  as  acetylides  or  azides. 
Nitrogen  iodide  can  also  be  irradiated  by 
fission  products  (See  also  Initiation  of  Ex- 
plosives by  Irradiation) 

Refs:  1)G.H. Henderson,  Nature  109,749 

(1922)  2)H.H.Pode,  Nature  110,  148(1922) 
3)A.D.Yoffe,  Nature  180,74(1957)  4)R. 

C.Ling,  PATR  2393(1957)  5)F.P. Bowden, 

PrRS  246,  216(1958) 

Alphosone.  A brand  of  succinic  peroxide 
(qv),  manufd  by  the  Lucidol  Division  of 
Wallace  & Tieraan,  Inc,  Buffalo,  NY 
Alsilite,  One  of  the  current  Belg  high  expls 
(“explosifs  brisants”)  : AN  80,  TNT  18  & 

A1  2% 

Ref:  Dr  L.  Deffet,  Bruxelles;  private  com- 
munication, March  10,  1954 
ALT.  A solid  propellant  fot  rockets:  K per- 
chlorate 76.5  & asphalt  base  fuel  23.5%. 

Its  props  are  described  in  conf  rept  (Ref  2) 
Refs:  1)  Arm  ament  Engrg(  1954),  42  2) 

Propellant  Manual,  SPIA/M2,  Johns  Hopkins 
Univ,  Silver  Spring,  Maryland  (1959),  Unit 
No  297(Conf) 

Alto  esplosivo  (Ital).  High  Explosive  (HE) 
Alum.  See  Alums 

ALUMATOL.  A Brit  expl  of  the  ammonal  type, 
It  is  practically  80/20  amatol  in  which  part 
of  the  AN  is  replaced  by  A1  powder:  AN  77, 
TNT  20,  Al  3%.  During  WWI  alumatol  was 


A142 


used  on  a considerable  scale  for  filling 
grenades  and  trench  mortar  bombs  and  as 
a blasting  expl.  It  was  found  not  very  suit- 
able for  loading  shells.  When  compressed 
to  d higher  than  1.2,  there  is  danger  of  in- 
complete deton,  while  at  lower  d there  is 
danger  from  set-back,  and  full  power  does 
not  develop  (Refs  1 & 2).  Some  alumatols 
contained  charcoal,  as  for  instance  the 
French  composn:  AN  65,  charcoal  10, 

TNT  15  & Al  10%  (Ref  1) 

E.Cheylan  studied  the  behavior  of  A1  in 
the  persence  of  AN  with  or  without  TNT  and 
found  the  ternary  mixtures,  Al- AN- TNT, 
stable  when  stored  for  100  days  at  tempera- 
tures up  to  90°.  Mixts  contg  AN  contamin- 
ated by  chlorides  proved  to  be  unstable. 
Cheylan  assumes  that  the  instability  of  some 
Al  contg  expls  in  storage  is  due  to  the  use 
of  AN  containing  chlorides  (Ref  3). 

(See  also  Aluminum  Containing  Explosives) 
Refs:  l)Mar shall  3(1939),  117  2) All  & 

EnExpls(  1946),  58  3)E.Cheylan,  MP  30r 
139-41(1948)  & CA  45,  8250(1951) 

Alumina.  See  Aluminum  Oxide  under  Oxides 
Aluminized  Explosives.  See  Aluminum  Con- 
taining Explosives 

ALUMINUM  (Aluminium  in  Fr  & Ger;  Allu- 
minio  in  Ital;  Aluminio  in  Span;  Alummio 
in  Port;  Aluminii  io  Rus-  Aruminiumu 
in  Japan),  Al,  at  wt  26.98%.  Lt  silvery 
metal,  very  maleable  & ductile,  rap  660°, 
bp  20  5 6-7°,  d 2.6978  at  25/4°,  (to  A1S03) 
399.0  kcal,  sp  heat  at  100°  0.2226  cal/g. 

It  does  not  occur  in  the  free  state  but  its 
compds,  such  as  feldspar  (KAlSi3Oj)  mica 
(KAlSi04),  kaolin  day  [H2Al2(Si04)a . H20], 
bauxite  (Al203.  2H20)  are  widely  distributed 
as  minerals.  Al  is  considered  the  most  abund- 
ant metal  —it  makes  up  7.85%  of  known  ter- 
restial  matter 

Al  is  nearly  insol  in  w,  nitric  acid,  acetic 
acid  & ammonia;  sol  in  hydrochloric  & sul- 
furic acids  and  in  alkalies 

Was  first  prepd  in  1824-5  by  H.Oerstead 
by  heating  Al  chloride  with  K amalgam  and 
and  a few  years  later,  by  F.  Wohler  who 
used  metallic  K as  a reducing  agent.  The 


first  industrial  method  of  prepn  was  developed 
in  1854  by  H.Sainte:Claire  Deville,  who  used 
Al  chloride  and  metallic  Na,  but  Al  thus  pro- 
duced was  impure  and  very  expensive.  The 
first  large-scale  industrial  method  was  de- 
veloped in  1886  by  Hall  in  USA  (Ref  1)  and 
simultaneously  by  Heroult  in  France(Ref  2). 
This  process,  which  involves  electrolytic 
reduction  of  A1203  dissolved  in  molten  cryolite 
(3NaF.  AlFj),  has  been  improved  in  later 
years  and  is  known  now  as  the  Hall-Heroult 
method.  Detailed  descriptions  of  this  and  of 
some  other  current  methods  of  prepn  are  given 
Refs  5,  11,12,15,  & 20.  As  the  source  of 
AljOj,  the  abundant  mineral  bauxite,  A1203t 
2HaO,  is  usually  used 

Al  is  generally  considered  non-toxic,  ex- 
cept when  it  is  inhaled  in  the  form  of  dust 
(Ref  23)(See  under  Aluminum  Dust) 

Al  possesses  a great  affinity  for  oxygen 
and  when  finely  divided  (powdered,  flaked, 
etc)  it  burns  in  the  air.  It  burns  also  when 
made  in  the  form  of  a thin  ribbon  similar 
to  that  of  Mg.  When  Al  powder  is  mixed  and 
heated  with  an  oxide  of  a metal  below  it  in 
the  electromotive  series,  displacement  takes 
place,  for  instance  in  Thermite  (qv): 

Fe20,  + 2A1  ->  AljOj  + 2Fe 
Temps  of  30  00*3500°  are  obtained  as  a 
result  of  this  reaction 

Al  has  a high  heat  of  combustion,  as  shown 
by  the  equation: 

2Al+1.502->Al20J+393. 3kcal/mol  or  7291  cal/g 
(Ref  11) 

Aluminum  is  very  reactive  and  some  of  its 
reactions  proceed  with  expl  violence.  Bauer 
(Ref  7)  discussed  the  danger  of  expin  when 
Al  or  its  alloys  are  melted  in  cast  iron  crucibles. 
Kohlmeyer  (Ref  8)  described  an  extremely 
violent  expln  which  destroyed  app  and  in- 
jured the  observer.  The  expln  occurred  when 
Al  powder  and  Na2S04  in  the  mol  ratio  8:3 
were  melted  at  ca  800°.  Clogston  (Ref  9)  dis- 
cussed fire  and  expln  hazards  on  heating  Al 
or  Mg  powders  with  chlorinated  hydrocarbons, 
such  as  CC14 , CHjClj,  CHC13,  etc.  Lindeijer 
(Ref  16)  reported  a fatal  expln  on  heating  a 
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a mixt  of  powdered  Al  with  CC14.  Van 
Hintel(Ref  18)  reported  a spontaneous  ig- 
nition caused  by  reaction  betn  Al  and  tri- 
chloroethylene. Charmandarian  (Ref  19) 
reported  that  the  action  of  powdered  Al,  Mgi 
etc  on  molten  AN,  hydrazonium  nitrate  and 
Na  sulfate  is  very  violent  and  often  ex- 
plosive. Stectbacher  (Refs  13  & 17  and  many 
other  investigators  studied  the  influence 
of  the  addn  of  Al  to  expls  and  this  subject 
is  discussed  under  "Aluminum  Containing 
Explosives” 

An  important  reaction  of  metallic  Al  is 
its  behavior  with  O or  water.  Under  many 
conditions  the  reaction  is  self- stopping  be- 
cause of  the  formation  of  an  impervious  film 
of  AljOj 

Explosion  of  Al  dust  is  discussed  under 
Aluminum  Dust  and  Its  Explosion 

Uses  of  Al  in  industry  are  too  numerous 
to  be  described  here.  They  are  listed  in 
Refs  5,  11,  12,  15  & 20.  The  uses  of  Al 
powder  in  expls  are  discussed  under  Alum- 
inum Containing  Explosives.  Al  powder  is 
also  used  in  incendiaries  and  in  pyrotechnic 
compositions.  Discussion  on  uses  of  finely 
divided  Al  and  some  other  metals  is  given  in 
Ref  16a 

Refs:  l)Ch.  M.  Hall,  USP  400,766(1886) 

?)P.L.  T.Heroult,  FrP  175,71 1(1886)  3) 

Mellor  5(1924),  160*73  4)Gmelin,  Syst  Nr 
35,Teii  A,  Lfg  4(1936)  5)Thorpe  1(1937), 
264-80  6)D.B.  Hobbs,  "Aluminum, ” Bruce 

Pub  Co,  Milwaukee,  Wisc(1938)  7)Th. 

Bauer,  Arbeitschutz  No  10,  III,  399(1941)  & 

C A 37,4664(1943)  8)E.J.Kohlmeyer,  Al- 
uminum 24,  361-2(1942)  & CA  37,5592(1943) 
9)C.CIogston,  Underwriters  Laboratory  Bull 
Research  No  34,  5-15(1945)  & CA  40,  209-10 
(1946)  10)”  Alcoa  Aluminum  and  Its  Alloys,” 

Aluminum  Co  of  America,  Pittsburgh,  Pa 

(1946)  ll)Kirk & Othmer  1(194  7),  591-605 
12)Giua,  Dizionario  1 (1948),  437-45  13) 

St etrbacher(  194 8),  89-90  14)A.vonZeerlender, 
"Technology  of  Light  Metals,”  Elsevier, 
Amsterdam(1949),  translated  from  1st  Swiss 
edn  by  A.J.Field  15)Riegel,  IndChem(1949), 
346-52  16)E.W.Lindeijer,ChemWbl46,  571(1950) 


& CA  46,  7769(1952)  l6a)D.Hart  & W.R. 
Tomlinson,  jfr,  Metal  Progress  59,  788-92 
(1951)  & CA  45,6844(1951)  17)Stect- 
bacher,  Polvoras(1952),  114-17  18)J.van 
Hinte,  Veiligheid(  Amsterdam)  28,121-3 
(1952)  & CA  47,10152(1953) 

Charmandarian,  BullFr  1952,  975-6  & CA 
47,3740(19  5 3)  20)Ullmann(1953),  331-407 

21) Anon,  C&EN  32,258(1954)  & CA  48, 

48  38(19  54)(A1  & Mg  dusts  react  violently 
with  chlorinated  hydrocarbons,  with  NaaOj 
and  AlCl3)  22) Anon,  C & EN  32,  1824(1954) 

& CA  48, 906 4(195 4)( A mixt  of  Al  dust, 

AlClj,  2-m  ethyl  pro  pane  and  chloromethane 
heated  in  an  autoclave,  reacted  normally  at 
first  and  then  exploded  violently)  23)Sax, 
(1957), 259-60 

Aluminum  (Analytical  Procedures).  The  Al 

ion  is  usually  detected  in  qualitative  an»- 
alysis  by  the  precipitation  of  Al(OH)3  which 
results  from  heating  the  aq  soln  with  NH4OH 
and  NH4C1.  The  ppt  dissolves  on  adding 
a sufficient  excess  of  NaOH.  In  a quanti- 
tative method,  the  ppt  of  Al(OH)3  is  filtered 
off,  ignited  and  weighed  as  A1203.  Alizarin- 
S/’aluminon’^Amm  aurintricarboxylate)  and 
some  other  reagents  give  distinctive  ppts 
with  the  Al  ion.  Al  can  also  be  detd  colori- 
metrically,  spectrographically  and  polaro- 
graphically.  Detailed  descriptions  of  an- 
alytical procedures  are  given  in  Refs  5-8 
& 10*15-  An  optical  method  for  the  study 
of  powdered  Al  grains  intended  for  use  in 
AN  expls  is  described  in  Ref  9 

Aluminum,  in  flaked,  grained  or  atomized 
form  intended  for  use  in  US  ammo  should 
conform  to  the  requirements  of  specifica- 
tions listed  as  Refs  1^2  & 3-  The  tests  and 
detn  include: 

a) Optical  examination  of  particles  of  Al  with 
a 20-30  power  microscope  to  det  their  form 

b) Granularion(fineness),  usingUS  Std  sieves 
conforming  to  the  requirements  of  Federal 
Specification  RR-S-366  c) Apparent  density, 
using  a tared  100  ml  graduate  d)Material 
volatile  at  105°  e)Oil  and  grease— by 
extraction  with  ether  f)Silicon  g)Zinc 
h)Iron  i)Copper  j)Magnesium  k)Free 
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metallic  A1  l)Alkalinity  as  Mg(OH)2 
m)Grit  n)Other  metallic  impurities.  An 
app  and  a method  for  the  detn  of  A1  by  gas 
evoln  is  described  in  Ref  2 

When  A1  is  alloyed  with  Mg(as  for  use  in 
some  incendiary,  tracer  of  photoflash  compns), 
the  tests  and  detns  for  such  alloys  include: 
a)Granulation,  using  US  Std  sieves  b) 
Moisture,  by  drying  in  a vacuum  desiccator 
over  HjS04  for  24  hrs  c)Grease  and  fats, 
by  extraction  with  ether  d) Aluminum, 
using  8-hydroxy  quinoline  reagent  e)Mag- 

nesium  f)Total  Al  and  Mg  g)Oxides  as 
A1j03  h)Silicon  i)Iron  j)Zioc  k)Other 
metals  l)Grit 

In  Ref  2 are  described  the  US  requirements 
and  tests  for  Al  powder, superfine 
Refs:  1)US  Specification  J AN- A- 289, 

" Aluminum  Powder  Flaked,  Grained  and 
Atomized”  (for  use  in  ammunition)  2)US 
Spec  JAN-A-512,  "Aluminum  Powdered” 
(Grained  or  Atomized)(from  secondary  metal) 
(for  use  in  pyrotechnics  or  in  incendiary 
"thermite”)  3)US  Spec  JAN-A-667,  "Al- 
uminum Powder,  Superfine”  4)US  Spec 
JAN-M-454,  "Magnesium- Aluminum  Alloy, 
Powdered”  5)W.W.Scott  & N.H.Furman, 
"Standard  Methods  of  Chemical  Analysis, 
"Van  No  strand,  NY(1939)  6)H.V.  Churchill 

& R.W. Bridges,  "Chemical  Analysis  of  Al- 
uminum,” Aluminum  Co  of  America,  Pitts- 
burgh, P a(  19 4 1)  7) "Routine  Spectrographic 

Analysis  of  Aluminum  and  Magnesium  and 
Their  Alloys,”  Aluminum  Co  of, America, 
Pittsburgh,  Pa(1944)  8)Kirk  & Othmer  1 
(1947),  595  8a) American  Research  Insti- 

tute, "Analytical  Methods  for  Aluminum 
Testing,”  Chi cago(  1948)  9)P.Sartorius, 

MP  32,  145-52(1950)  10)I.M.Kolthoff  & J.J. 
Lingane,  "Polarography,”  Interscience, 

NY(  1952)  11)R.S. Young,  "Industrial  In- 

organic Analysis,”  Wiley,  NY(1953),  1’10 
12)W.F.Hillebrand  et  al,  "Applied  In- 
organic Analysis,”  Wiley,  NY(1953),  494- 
515  13)"ASTM  Methods  of  Chemical 
Analysis  of  Metals,”  Philadelphia,  Pa 
(1956)  14)H.  B.  San  dell,  "Colorimetric 

Determination  of  Tracers  of  Metals,” 


Interscience,  NY(  1959),  219-53  15)F-E>. 

Snell  et  al,  "Colorimetric  Methods  of  Analysis,” 
vol  II A,  Van  Nostrand(1959),  156-87 
Aluminum  Alkyls  were  prepd  in  1865  by  the 
action  of  aluminum  on  mercury  alkyls(Refs 
1 & 6)(see  also  Note  below).  Later  they  were 
made  by  the  action  of  "electron  metal’  ’ (alloy 
of  Al  and  Mg)  on  a solo  of  the  alkyl  halide  in 
ether  (Refs  2 & 6).  The  Al  tri alkyls  are  volatile 
liquids,  violently  attacked  by  air  or  water. 
Following  are  examples:  trimethyl  aluminum  A1(CHS), 
d 0.752  at  20°/ 4°,  mp  15.0°,  bp  126.1°;  tri- 
ethyl-,  A1(C2H,)3,  d 0.837  at  20°/4°,  mp-52.5°, 
bp  1B5.601,  tri-n-propyl-t  Al(n-C3H,)3.  d 0.823 
at  2074°,  mp  -107°,  bp  ca  250°  (Refs  3,4,5  & 6). 
These  three  compds  are  inflammable  in  air  and 
for  this  reason  may  be  of  interest  as  compon- 
ents of  liquid  propellants  for  rockets 
Note:  The  prepn  of  a compd  called  "Aethyl- 
aluminium”  was  claimed  by  W.Hailwachs 
& A.Schaffarik,  Ann  109,  207(1859)  but  it 
was  not  properly  identified  and  its  props 
(except  that  it  is  violently  decomp  by  water) 
were  not  detd 

Refs:  1)G.B.  Buckton  & W.Odling,  AnnSupl 

4,  109(1865)  2)E. Krause  & B. Wendt,  Ber 

56,466(1923)  3)A.V.Grosse  & J.M.Mavity, 

JOC  106(1940)  4) A.W.Laubengayer  & W.F. 

Gilliam,  JACS  63,  477(1941)  5)K.C.Pitzer 
& H.S.Gucowski,  JACS  68,  2204(1946)  6) 

Si dgwick,  ChemElems(  1950),  414-15 
Aluminum  Alkyl  Halides  of  the  general  formu- 
lae AlRXaand  AlR^X  were  prepd  by  Grignard 
and  other  investigators  by  treating  Al  with 
alkyl  halides:2  Al  + 3RX=  A1RX2  + AlR2X. 

Most  of  these  compds  are  liquids  or  low 
melting  solids  which  easily  catch  fire  in  air 
and  react  violently  with  water.  As  examples 
of  these  compds  may  be  cited  aluminum  ethyl 
diiodide,  Al(C2H5)I2  solid,  mp  35-7°,  bp  158- 
60°  at  4 mm  and  aluminum  diethyl  iodide, 

Al(CjH5)2I,  iiq,  bp  118-20°  at  4 mm 

For  additional  info  on  prepn  and  props  see; 

Refs:  l)W.Hallwachs  & A.Schafarik,  Ann 

109,  207(1859)  2) V. Grignard  & R.L. Jenkins, 

BuilFr  [4]  37,  1376(1925)  3)A.V.Grosse  & 
J.M.Mavity,  JOC  5,  106-121(1940)(12  refs) 


4)Sidgwick,  ChemElems  1 (19501417- 18 

il »_ i II  I LJ l_f  J _ _ a_  1 

Miummum  mikjti  n/ariaes.  as  an  ciain^ic 

of  such  compds  may  be  cited  aluminum 
tf> trnm.fi t.Kvl  hvdri/f.p.  Al .H.fCH.L.  a viscous 

j - * 2 ““J' 3"*' 

liq,  volat  in  vacuo  and  burning  explosively 
with  a purple  flame  in  air.  It  is  hydrolyzed 
by  w and  is  decompd  above  160°  yielding 
Al(CHs)j.  Was  prepd  by  the  action  of  an 
electric  discharge  on  a mixt  of  Ai(CHs)j 
and  hydrogen 


Refs:  l)w.E.  wiberg  & G.Stecher,  Ang- 

Chetn  52,372(1939)  2)Sidgwick, ChemElems 
l nosm  yns.K 

Aluminum  Azide.  See  under  Azides,  Inorganic 
Aluminum  Block  (of  Kreulen)  is  a hollow 
A1  block  used  for  detg  the  tendency  of  coal 
and  other  materials  to  spontaneous  combus- 
tion 

Ref:  D.Kreuien,Brennstoff-Chem  11,  261-2 

(1930)  Sc  C A 25,-394(!931) 


Aluminum  Block  Expansion  Test  is  similar 
to  the  Lead  Block  Expansion  Test, but 
superior  to  it  when  testing  brisant  expls, 
especially  those  contg  Al.  A brief  descrip- 
tion of  this  test  is  given  under  Trauzl  Tests 
Aluminum  Boride.  See  under  Borides 
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Aluminum  Carbide.  See  Aluminum  Acetylide 
and  Aluminum  Carbide  under  Acecylides 
Aluminum  Chlorate.  See  under  Chlorates 
Aluminum  Chloride.  See  under  Chlorides 
Aluminum  Chloride-Nitromethane  Complex. 
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Aluminum  Containing  Alloys.  Al  forms  vari- 
ous alloys  with  other  metals.  Some  of  the 
alloys  melt  at  temps  below  the  mp  of  either 
metal(egj  Al-Cu,  Al-Ag),  others  above  that 
of  either  metal  and  some  at  intermediate 


temps(eg,  Al-Sn,  Al-Fe,  Al-Zn)(Ref  6,  p281). 

f* 11 1 AOC  ftf 
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Al  while  others  contain  only  small  percent- 
aees.  Several  Al-contg  alloys  are  listed 


by  Perry(Ref  6,  pp  1527-1531).  The  more  common 
alloys,  of  which  Al  is  the  largest  consti- 


tuent, are  tabulated  by  Thorpe(Kef  2) 
who  also  lists  20  books  and  pamphlets 
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of  Ai  alloys  is  discussed  in  Ref  5 and  the 
phase  diagrams  of  the  most  important  Al 
systems  are  given  in  Refs  1 & 4.  Al  and  its 
alloys  find  wide  application  in  the  fnbrics- 
tion  industry  in  castings  and  the  making  of 
wrought  products.  Alloys  for  casting  generally 
contain  larger  amts  of  added  elements  than 
those  for  wrought  products.  The  nominal 
compositions  of  commercial  cast  and  wrought 
alloys  and  their  typical  mechanical  and 

nhvsieal  nrrms  oiupn  in  Ref  A f'l  ark  SO 
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Hawley(Ref  8)  give  an  example  of  wrought 
"age-hardenable”  alloys  which  are  modifica- 
tions of  Duralumin  or  of  castable  alloys  con- 
taining Al  and  ca  12%.  Other  industrial 
products  of  Al  aiioys  are  granules  of  various 
siz<s  used  for  adding  to  molten  steel,  for 
Thermite  reactions  and  for  expls.  Require- 
ments of  the  most  important  alloy  of  Al(Mg- 
Al)  used  in  expls  are  described  in  a joint 
Army-Navy  Spec(Ref  3).  The  tests  and 
detns  are  listed  under  Aluminum  (Analytical 
Procedures).  Tne  aiioy  of  Al  with  Mg  is 
used  in  pyrotechnic  compositions  and  as  a 
metal  additive  to  some  high  explosives 

According  to  Perez  Ara(Ref  9a)  the  addi- 
tion of  Al-Zn  alloy  has  certain  advantages 
over  straight  Al  because  the  alloy  is  less 
reactive(oxidi2able)  in  the  presence  of 
moisture 

Examples  of  tracer  and  incendiary  compns 

IpK  n cp  A 1 - Mrv  allnir  in  hrniprfil  P flfTl  m fl 


taken  from  Ref  7,  follow: 


Composition,  % 

Red 

Trocer 

intend  iary 

50/50  Al/Mg  alloy 

40 

37 

48.0 

48.0 

/-ki . 

C 

J 

- 

— 

— 

Strontium  nitrate 

55 

56 

- 

- 

Barium  nitrate 

— 

- 

50.5 

50.5 

Polyvinyl  chloride 

- 

7 

- 

— 

Linseed  Oil 

— 

— 

1-5 

— 

Asphaltum 

— 

- 

- 

1.5 

Refs:  i)Meilor  5(1924),  2zy- 46  2a)Perez- 

Ara(l945)  2)Thorpe  1 (1937),275“9  3)Spec 

T AMfirlr  so  OfKmpr  1/10^ 

; « w*'/i 

605*9  5) ASM,  "Physical  Metallurgy  of  Al- 

uminum Alloys, ’’Cleveland,  Ohio(1949) 
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6)Perry(  1950) ,281,  1527  & 1531  7)US  Dept 
of  the  Army  Technical  Manual  TM9-1910 
(1955), 292  & 29  4 8)Clark  & Hawley(1957)> 
47 

ALUMINUM  CONTAINING  EXPLOSIVES  OR 
ALUMINIZED  EXPLOSIVES  (Explosifs  d’- 
aluminium  in  Fr;  Aluminiumhaltige  Spreng- 
stoffe  in  Ger  & Swiss;  Explosivi  contenenti 
alluminio  in  Ital  and  Explosivos  con  alumini 
in  Span).  The  addition  of  A1  to  increase  the 
performance  of  expls  was  first  proposed  by 
Escales  (Germany)  in  1899  and  patented  by 
Roth  in  1900(Ref  1).  According  to  Lheure 
(Ref  2),  Fiihrer  of  Austria,  in  1901,  proposed 
to  the  Fr  Govt  the  use  of  Al  in  expls.  The 
following  compns  were  examined  in  1902 
by  the  CSE  (Commission  des  Substances  Ex- 
plosives): a)AN  83,  charcoal  3 & Al  14% 

b)AN  70,  charcoal  5 & Al  25%  and  proved  to 
be  fairly  satisfactory.  Better  results  were 
obtained  when  part  of  the  AN  was  replaced 
by  a HE  such  as  NG,  DNN  or  TNT,  as  in 
the  explosive  designated  Formula  226-'  AN 
74.5,  DNN  6.0,  Al  5.0  cellulose  2.0,  NG 
12.0  & NC(12%N)  0.5%*  This  compsn  was 
tested  in  1925  by  the  CSE  and  found  to  have 
a CUP(Fr  Trauzl  test)  of  1 30  (PA  100)  and 
a deton  vel  of  3400  m/ s (Ref  25).  Investiga- 
tions conducted  before  and  during  WWI  in 
Austria  and  Germany  with  Al-contg  expls 
also  gave  satisfactory  results 

Notwithstanding  satisfactory  performance 
of  aluminized  expls,  they  were  not  used 
much  as  long  as  the  quantity  of  Al  on  the 
market  was  limited  and  its  cost  much  higher 
than  of  any  other  ingredient  of  the  expl 
compn.  When  these  drawbacks  were  over- 
come, (some  time  after  WWI),  more  and  more 
aluminized  expls  started  to  be  used  not  only 
for  military  purposes  but  also  as  industrial 
expls.  This  included  the  use  of  Al  powder 
in  some  primary  and  ignition  compns,  as 
was  proposed  in  1906  by  Venier  (Ref  3). 

Other  ingredients  of  such  compns  were  MF, 

K chlorate,  K picrate  and  Ag  acetylide 
Although  the  cost  of  Al  was  high  at 
the  time  of  WWI,  the  Austri an s,  Germans 
and  to  a lesser  extent  the  French,  used 


it  in  some  expls,  such  as  Ammonal  (qv). 

To  a much  higher  extent  aluminized  expls 
were  used  during  WWII  by  all  the  belligerent 
nations,  especially  in  underwater  ammo, 

(sea  mines,  torpedoes,  depth  charges,  etc)? 
where  they  were  found  to  be  most  effective. 

They  were  also  found  very  effective  in  Aerial 
bombs  (because  their  radius  of  blast  damage  was 
greater  than  with  nonaluminized  expls)  and  also  in 
incendiary  bombs,  flares,  photoflash  bombs  etc 
The  action  of  Al  in  expls  was  investigated 
by  many  persons,  inclg  Kast(Ref  5), 

Tonegutti  (Ref  8),  Muraour(Ref  ll)f  Stett- 
bacher  (Ref  12),  Schmidt  & Haid  (of  Zent- 
ralstelle  in  Neubabelsberg),  as  reported  by 
Stettbacher  (Ref  12)  and  by  others.  It  has 
been  claimed  that  Al  does  not  take  part 
in  the  actual  detonation  (Ref  12)  but  reacts 
immediately  afterwrard  with  the  products  of 
expln  such  as  C02  and  H20: 

2Al  + 3C0j-»  A12Oj  + 3CO  + 196  kcal/moi  AI203 

2A1  + 3HjO  -»  A12Oj  + 3H2  + 226  kcai/mol  A1203 

The  large  amts  of  heat  liberated  by  these 
reactions  maintain  a high  pressure  of  expln 
for  a longer  period  of  time  than  would  be  ob- 
tained without  Al;  that  is,  the  pressure-time 
curves  of  expls  contg  Al  do  not  have  such 
high  "peaks'’  as  do  the  corresponding 
non-aluminized  expls  but  the  pressures  re- 
main high,  lasting  2-3  times  as  long  (Ref  12) 
Haid  & Schmidt  have  shown  that  Al  reacts 
not  only  with  oxygen  but  also  with  nitrogen 
forming  a nitride  ( Al  + N = AIN  + 80 kcal). 

This  means  that  it  is  not  necessary  to  make 
Al  expls  with  a positive  oxygen  balance,  as 
was  done  prior  and  during  WWI,  but  it  is 
better  to  maintain  some  negative  balance 
A further  advantage  of  the  addition  of  Al 
lies  in  the  fact  that  Al203  formed  during  the 
reaction  does  not  remain  as  a solid  but 
vaporizes,  thus  increasing  the  overall  volume 
of  gases  and  the  pressure.  These  increases 
are  due  to  the  fact  that  the  bp  of  Al203  is 
only  2980°  while  the  temp  developed  on 
expln  of  HE’s  is  usually  above  4500° 
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According  to  Medard{Ref  25),  import- 
ant studies  of  aluminized  expls  in  France 
were  made  by  Douillet  about  1935*  At  that 
time  he  showed  that  although  the  binary 
mixt  of  AN  82  & A1  18%  gave  a Trauzl  test 
value  (CUP  or  cup,  in  Fr)  much  higher  than 
PA,  it  was  inferior  to  mixts  in  which  part 
or  all  of  the  AN  was  replaced  by  a nitro- 
compd  such  as  TNT,  or  pentolite 

Stettbacher  (Ref  12)  gave  several  tables 
showing  the  differences  in  some  expl  props 
of  non- aluminized  and  aluminized  expls, 
from  which  the  data  for  the  table  were  taken 


This  table  shows  considerable  increase 
in  E and  substantial  increases  in  Qe  and  Te 
due  to  the  addition  of  Al,  whereas  the  vols 
of  gases  evolved  decrease 

Muraour  (Ref  11)  discussed  the  advantage 
obtained  by  adding  Al  to  mixts  TNT/HNDPhA. 
Such  mixts  without  Al  were  used  by  the 
Germans  during  WWI  for  filling  torpedoes 
and  sea  mines.  When  about  15%  Al  was  in- 
corporated in  such  mixts,  the  heat  of  expin 
was  raised  about  40%.  It  seems  that  the 
addn  of  15%  Al  adopted  by  the  Germans  for 
their  underwater  expls  is  about  optimum 
(cont'd  on  next  page) 


TABLE 

Comparison  of  Properties  of  Explosives  with  and  without  Aluminum 
(Reduction  to  CO  + Hz  in  Aluminized  Explosives) 


Ma  x 

Gas 

.ieat  of  Expln 

Temp  of  E 

xpin  Spec 

Max  d 

Composition 

Load! 

ng  Vol 

°C 

Press  o 

f Energy 

d 

Evolved 

kcal  /kg 

t: 

T*  f otm 

E 

lAg 

TNT 

1.62 

684.0 

950.0 

— 

— 

— — 

1539.0 

TNT  81.8  + Al  18,2 

1.78 

559.0 

1472.0 

- 

- 

26  20.0 

Erythritetetranitrate 

1.70 

704.8 

1467.7 

1486.0 

4729.8 

4759.0  44080 

2496.0 

ETeN  67.75  + Al  32.25 

1.99 

452.4 

2350.0 

2361.7 

- 

- - 

4676.0 

Penthrinit[NG  74.9%, 
NC  of  12. 1%N  4.2%  & 

1.64 

719-5 

1597.8 

1616.5 

4857.2 

4885.9  48473 

2620.4 

PETN  20.9%1 
Penthrinit  69.+  Al  31 

1.93 

496.5 

2274.0 

2286.8 

- 

- 

4389.0 

Blasting  Gelatin [NG 

1.61 

711.1 

1612.5 

1631.0 

4970. 2 

4998.4  47528 

2596.1 

91.3%,  NC  (of  12.24% 
N)  8.7%] 

BlGel  68.  7 + Al  31.3 

1.92 

488.7 

2287.9 

2300.6 

— 

— 

4393.0 

OxyIiquit(liq  oxygen 

1.1 

610.8 

2287.0 

2303.0 



6383. 0 38300 

2516.0 

75%,  C10H8  25%) 

Oxyi  67.05  + Al  32.95 

1.6 

410.8 

2747.0 

_ 

_ 

^ 

4395.0 

.Vote:  For  definition  of  (f)  and  (E)  see  Ref  12 
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because  it  is  close  to  the  amt  required  to 
reduce  the  C02  to  CO  and  the  H20  to 

H* 

Medard  (Refs  25  & 29)  detd  some  props  of 
aluminized  expls  and  gave  a table  comparing 
Trauzl  test  value s(CUP  in  Fr)and  in  some 
cases  deton  velocities  of  nitrocompds  contg 
from  0 to  40%  Al.  It  seems  that  in  most  cases 
15  to  20%  is  the  optimum  but  this  amt  can 
be  as  high  as  25%  or  even  30%  when  PETN 
or  RDX  is  present.  Among  the  aluminized 
expls  investigated  by  Medard  were 
a )Nn°30:  AN  80.2,  TNT  10.6  & Al  9.2%; 

CUP  132(PA  100)  b )Nn°31:  AN  78.5,  pento- 

lite(P ETN /TN T-80/ 20)  12.3  & Al  9-2%;  CUP 
138  c )Nn°33:  AN  69,  TNT  10  & Al  21%; 

CUP  146  d )63-CSE-l949;  AN  67,  pento- 

lite(80/  20)  12  & Al  21%;  CUP  147 
Note:  The  first  two  expls  have  a positive 
oxygen  balance  and  lower  CUP  while  the 
last  two  have  a negative  OB  and  higher 
CUP 

Medard  also  examined  an  industrial  alum- 
inized expl  Nn°32:  AN  78,  DNClB  12  & Al 
10%  (Ref  2,  p 223)*  as  well  as  Sofranex  A: 

AN  48,  NG  40,  NC  2,  Al  8 & liq  DNT  2% 

(Ref  23,  P 218)  and  Sevranite  N° J:  NH4CI04 
31,  PETN  48,  Al  3 & plasticizer  (poly- 
vinylacetate in  liq  DNT)  18%  (Ref  29,  p 219) 

Le  Roux  (Ref  31)  claimed  that  corapns 
contg  phlegmatized  RDX  and  granulated  Al 
are  more  powerful  and  possess  higher  deton 
velocities  than  those  contg  pulverized  Al. 
They  can  be  easily  loaded  by  compression 
to  d's  higher  than  those  with  pulverized  Al. 

As  an  example  of  such  expls  may  be  cited: 
RDX  80,  MNN  5 & granulated  Al  15%;  CUP 
ca  155(PA  100),  deton  vel  ca  7350  m/s  at  d 
1.60 

Belgrano(Ref  34)  gave  compns  and  props 
(Trauzl  test  values,  gap  test  values  & deton 
velocities^ of  a number  of  Ital  aluminized 
expls.  Most  of  them  seem  to  be  too  weak  for 
military  purposes.  An  Ital  military  alumin- 
ized plastic  HE  consisting  of  RDX  67.2, 

NG  16.3,  Al  12.2,  wax  4. 1 & unacc  0.2%, 
is  listed  in  Ref  9.  This  expl  was  used  during 


WWII  for  filling  some  projectiles.  Other  Ital, 
Al-contg  military  expls  of  WWII  were  Nitramite 

and  Trialine-105 

Following  is  some  additional  information 
on  the  props  and  uses  of  Al  in  expl  compns 
as  well  as  the  advantages  of  such  uses: 

Baron  (Ref  6)  reported  that  replacement  in 
AN-expls  of  carbonaceous  material  by  a light 
metal,  such  as  Al,  reduces  the  amt  of  gas 
liberated  on  expln,  but  the  loss  in  power  due 
thereto  is  more  than  compensated  by  the  greater 
production  of  heat.  Holmes  (Ref  7)  proposed 
incorporation  of  small  amts  of  Al  powder  in 
blasting  expls  consisting  of  black  powder  & 

AN.  Schwarzer(Ref  10)  proposed  incorporation 
of  Al  powder  in  expls  consisting  of  NG  & 
kieselguhr 

Stettbacher  (Refs  12,  24  & 36), in  addition 
to  the  previously  mentioned  advantages  gained 
by  the  use  of  Al  in  expls,  gave  examples  of 
military  aluminized  expl  compositions  de- 
veloped during  WWII,  such  as:  a)German 

underwater  expl  contg  TNT  62,  HNDPhA  23 
& Al  15%  b)British  and  American  expl  contg 
TNT  42,  RDX  40  & Al  18%  c)Russian  expl 
contg  erythritetetranitrate  & Al  powder 

Cooley  et  al(Ref  15)  & Anon  in  OpNav 
30-3M(R^f  16)  discussed  the  uses  of  alumin- 
ized expls  by  the  Japanese.  Belyaev  & Nal- 
bandyan  (Ref  17)  described  expl  props  of 
gasless  mixts  of  Al  with  K chlorate.  Ratner 
& Khariton  (Ref  18)  found  that  a small  addn 
of  Al,  such  as  5-10%,  to  AN  raised  not  only 
the  blasting  power  but  also  the  brisance. 

When  large  amountsof  Al  were  added,  such 
as  20%,  the  brisance  was  not  affected.  This 
was  explained  by  volatilization  of  the  A1203, 
which  absorbs  heat.  The  blast  effect  was 
increased  because  expansion  of  the  deto- 
nation products  caused  the  temp  to  drop; 
the  Ai2Oj  vapor  condensed  and  its  latent  heat 
of  vaporization  was  liberated  to  enhance  the 
blast  effect 

All  & EnExpls(Ref  19)  gives  a general 
discussion  on  aluminized  expls  and  its  use 
by  belligerents  during  WW  II 

Shidlovskii(Ref  21)  described  expl  mixts 
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of  powdered  Al  & Mg  with  water.  Perver- 
zev(Ref  22)  reported  that  the  max  increase 
in  expl  force  of  a nitroaromatic  is  achieved 
when  the  amt  of  Al  is  sufficient  to  completely 
reduce  C02  and  H20  vapor.  Goto  & Sito 
(Ref  23)  discussed  expln  and  inflammation 
of  Al  powder  in  air  (see  under  Aluminum 
Dust  and  Its  Explosion) 

Dinamite  Nobel  SA(Ref  26)  patented  alum- 
inized HE’s  such  as  RDX  with  10-25%  of 
Al.  Polverifici  Giovanni  Stacchini  SA(Ref  27) 
patented  HE's  contg  Al  5-30,  TNT  30-90  & 
PETN  5-65%  and  also  (Ref  28)  expis  in  which 
half  of  the  TNT  of  the  preceding  patent  was 
substituted  by  DNN 

Tominaga  and  Kanno  (Ref  30)  reported  that 
Al  powder  used  in  flashlight  powders  can  be 
partially  replaced  by  CaS2  or  FeSj  which  re- 
sults in  their  improvement.  The  presence  of 
KNOj  promotes  uniform  burning  and  reduces 
the  combustion  rate.  Stearin  and  coconut 
binders  are  superior  to  paraffin  with  respect 
to  promoting  uniform  combustion.  Sakamaki 
(Ref  33)  patented  compns  for  use  in  electric 
detonators,  such  as  Pb  dinitroresorcinate 
55,  perchlorate  20,  sulfur  10,  Al  10  & binder 
(jelly  of  CC)  5%.  Byers  (Ref  35)  patented 
AN-expls  contg  atomized  Al  particles  (cryst 
size  ca  30  p)  as  an  activator.  An  intimate 
mixt  of  ingredients  was  obtained  by  intro- 
ducing atomized  Al  directly  into  the  nitrate 
crystg  bath.  The  resulting  expis  were  reported 
to  be  easily  activated 

Sartorius(Ref  37)  investigated  several 
metals  and  metalloids  as  possible  replace- 
ments of  Al  in  expl  compns.  None  of  the 
straight  substances  seems  to  be  as  satis- 
factory as  Al,  even  including  Mg,  but  the 
author  thinks  that  beryllium  in  alloys  is 
promising  and  needs  further  investigation. 
Silicon,  although  less  satisfactory  in 
expis  than  Al  from  the  point  of  view  of 
power  & deton  velocity,  might  find  applica- 
tion if  the  price  was  less  than  that  of 
Al.  Nuhsbaum(Ref  37a)  patented  a cartridge 
for  an  expl  charge  which  contained  within 
a separate  casing  an  admixt  of  substances 
having  high  burning  temps,  such  as 


powdered  Al,  Mg,  ferrosilicon  or  red  phos- 
phorus. Richardson  (Ref  38)  patented  expl 
compns  consisting  of  particles  of  sulfur 
coated  with  a liq  nitroaromatic  and  finely 
powdered  AN  & Al.  Wallerius  (Ref  41)  claimed 
that  incorporation  of  8-12%  Al  powder  together 
with  the  necessary  amt  of  inorg  nitrate  for 
its  combustion  in  plastic  expis  based  on  liq 
org  nitrogen  compds,  lowered  their  costs  and 
sensitivity  to  shock.  Frutiger  (Ref  42)  pat- 
ented expl  compsns  claimed  to  be  of  high 
stability  and  low  sensitivity  to  shock  by 
mixing  methylhydra2ine  perchlorate  with 
1-2.5%  carbonaceous  material  (such  as  graph- 
ite, starch  or  woodmeal)  and  up  to  10%  of 
Al  powder.  To  make  such  expis  plastic, 
gelatinized  acetylcellulose  may  be  used  as 
the  carbonaceous  material 
Note:  Nav  Ord  Repts(Refs  43  & 46),  being 
conf,  were  not  used  here  as  sources  of  info 

PATR  2510(Ref  44)  listed  several  Ger 
aluminized  expis  used  prior  to  and  during 
WWII 

Streng  & Kirschenbaum  (Ref  45)  claimed 
that  an  expl  consisting  of  Al  powder  and  a 
stable  oxidizer  is  rendered  more  powerful 
and  safer  to  handle  and  to  store  if  some  water 
is  incorporated 

A recent  study  of  the  role  of  Al  in  expl 
mixts  is  that  of  Cook  and  co-workers(Ref  42). 
The  low  relative  "brisance”  of  aluminized 
explosives  has  been  attributed  ia  the  past 
to  incomplete  reaction  of  Al  at  the  ”Chap- 
man-Jouguet  plane,”  and  the  high  blast 
potential  to  after-burning  of  the  Al.  Thus, 
early  shaped  charge  studies  indicated  that 
Al  acts  effectively  as  a diluent  as  far  as 
the  end  effect  is  concerned.  More  careful 
studies  by  Cook  showed,  however,  that  Al 
lowers  the  detonation  pressure  and  velocity 
even  more  than  an  ideal  diluent.  The  effect- 
ive endothermic  reaction  of  Al  in  the  detoh 
wave  is  shown  in  the  following  results  of 
deton  pressures  measured  by  the  shaped 
charge  method: 

(See  next  page) 
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Explosive 

Density 
d,  g/cc 

Detonation 

Pressure 

, i 

(otm  x 10  ) 

TNT 

1.59 

150 

80/20-  TNT/Al 

1.68 

140 

TNT 

0.81 

46 

80/  20-  TNT/  Al 

0.94 

45 

Composition  B 

1.71 

230 

80/ 20- Comp  B./Al 

1.81 

170 

73. 2/ 26. 8- Comp  B/Al 

1.83 

155 

This  table  shows  that  the  deton  pressures 
of  Tritonal  and  HBX  are  smaller  than  those 
of  TNT  and  Composition  8 respectively, 
even  though  the  d’s  of  the  former  expls  are 
highcf,  Th  is  is  significant  in  view  o f the 
known  effect  of  d on  press.  The  same  situa- 
tion may  be  observed  by  compg  the  deton 
vel  (D),  as  represented  below: 


Velocity  Comporison  (by  Cook) 


E xpl  o s ive 

d,  g/cc  . 

D(m/sec) 

TNT 

1. 59 

6910 

80/  20-TNT/NaCl 

1.75 

6900 

80/ 20-  TNT/Al 

1.75 

6800 

TNT 

0.85 

4525 

80/20-TNT/NaCl 

LOO 

4400 

60/40- RDX/TNT 

1.70 

7800 

45/30/  2 5-  RDX/  TNT/ 

1,77 

flA  3n'i3 

V 

NaCl 

45/30/25  RDX/TNT/ 

1.77 

7200 

Al 

50/40  RDX/TNT 

1.00 

(56 50) 3 

45/30/25  RDX/TNT/ 

1.15 

(5400)5 

NaCl 

4c  / 'tA  /nc  DF>V/T\TT/ 
HJ/  p\J/  LJ  J.V i-'^V  ±Llt  x/ 

1.15 

4600 

~i5y  linear  interpretation  of  resuits  for  lN  1/ 
NaO  and  RDX/NaCl 

These  results  show  that  Ai  lowers  the 
deton  val  of  TNT  and  of  60/40  RDX/TNT  even 
more  th  an  doe  s Nad  whi  ch  acts  as  a heat  absorb- 
ing or  endothermic  material,  Therefore,  Al  must 
have  a strong  endothermic  effect  at  the  C-T  plane. 
This  would  be  the  result  if  Al2  (gas)  was 


frt  fr\rm  In  ohnrA/^I  okla  niYiy*  hm  *•  1 M 
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nation  wave.  But  if  A1202  (cryst)  was  the 
sole  Al  product,  the  det  vel  of  the  TNT/ 

Al  and  RDX/TNT/A1  mixes  would  be  ap- 
preciably higher  than  the  corresponding 
expls  without  Ai  due  to  the  high  heat  of 
formation  of  Al203(cryst).  The  only  compds 

nf  A I wfi  irh  mi  erhf  fnrm  in  Kpcw-I^c 

£> “ 


oxides  are  AIN  and  A1H.  Al^Cj  exists  only 
in  the  solid  state,  decompg  on  vaporization. 
Cook  showed  that  none  of  these  can  be 


important  as  deton  products  and  the  sig- 
nificant products  are  therefore  considered 
to  be  only  Al203(gas),  AlaO(gas)  and  A10 
(gas) 


Besides  the  Al-contg  expls  described 
in  this  section,  there  are  many  other  expls 
which  are  described  individually^  such  as: 
Alumatol , Ammonal,  Anagon,  APX-4A,  ASN, 

n t n I n n 

u W L/rtUb,  Lfcaw(/H  U,  L> iJfilLy  OL rrut(jrj?eX', 

Burmwite,  DBX,  Dentex;  German  Fillers 
A 'os  15,  19,  105,  109 , 110  & 13-113;  USX, 
Hexa,  Hexamit ; Japanese  Explosives  Types 
1,  2,  88  &92;  Minex,  Minol,  Minol  2,.Nitro 
mite,  Nitrobaronil,  Nobel’s  704,  Novit 
P entonal,  Sevranite,  Sofranex  A,  Torpex-2, 

T n 1 T«'«/ T.J. 1 

i t/ff/cA.  ts-i , if  titter*  vt  i rtuttrtc  iUDy  i ruunw 

and  U WE 


Some  Al  can  be  added  with  some  advantage 
to  practically  every  explosive  compsn  pro- 
vided the  Al  does  not  react  with  any  of  the 
compounds.  This  is  the  case  with  Comp  A, 
Comp  B,  Ednatol,  PETN,  RDX,  TNT,  etc 

1\/~*  r»  ^ i.L  T1  A / T fxA  A V AV 

110/0-  i;vj.  IWUI,  UCU  l/Z,}Z/  {lyuv)  Z) 

L.Lheure,  MP  12,125(1903-4)  3)W.Venier, 
BritP  6,705(1906)  sc  CA  1,920-30(1907)  4) 

R. Fbrg,  "Das  Ammonal,”  Wien(  1917)(200  pp) 
5)Kast  (1921), 378-86  6)Ch.Baron,  CR 
208,1010-12(1939)  & CA  33,  4423(1939)  7)H. 

H.Holmes,  USP  2,168,030(1939)  & CA  33, 
9648(1939)  S)M\Tonegutti,  Suppl  Techmco 
della  Rivista  d' Artiglieria  e Genio  1941, 

10ft-  17  Amo  10/3  1 /C  fly  lO 

// £> * ‘“ft  iu 

10) F . Sch warzer,  SwissP  228, 654(  1943)  & 

CA  38,  4445(1944)  ll)H.Muraour,  Protar  9, 
62-3(1943)  12)A.Stettbacher,  Protar  9, 

33-45,  212-18,  233-42(1943)  & CA  38,  4445 
(1944)  13)Davis(1945),  25  l4)A.Perez 
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Ar a(  1945),  246  15)R.  A. Cooley  et  al, 

"Japanese  Explosives,”  PBL  Rept  53,045 
(1945)  l6)Anon,  "Handbook  of  Japanese 
Explosive  Ordnance,”  OpNav  30-3M(1945), 
32  17)A.F. Belyaev  & A. B.Nalbandyan, 

DoklAkadN  46,  113  16(  1945)&  CA  40#  4523 
( 1946)  18)S.  B.Ratner&  Yu.  B.  Khariton, 

ZhFizKhim  20,  221-2(1946)  & CA  40,  5919 
(1946)  19)  Ail  & EnExpls(  1946),  31-3,  48, 

85-8,  128-30,  134-35  & 144  20)H.Muraour, 
MAF,  20,681-4(1946)  21)A. A.Shidlovskii., 

ZhPrlklKhim  19,  371-8(1946)  & CA  41,1105 
(1947)  22)I.Perverzev,  TrudyLeningrad- 
Teknologlnst  1946,  No  12,  47-68  & CA  44, 
6627(1950)  23)L-Goco  & E.Suito,  Rev- 
PhysChemJ apan,  ShinkichiHoribaCommem 
Vol  1946,  82-5  & CA  44,  1707(1950)  24) 

Stettbacher  ( 1948),  88-90  & 126  25)L. 

Medard,  MAF  22,  596-600  & 608-10(1948) 
26)Dinamite  Nobel  SA,  ItalP  439,931 
(1948)  & CA  44,  6130(1950)  27)Poiverifici 
Giovanni  Stacchini  SA,  ItalP  445,601  & 
445,602(1949)  & CA  45,  1770  & 3160(1951) 
28)Ibid,  ItalP  445,603(  1949)  & CA  45, 
3160(1951)  29) E. Medard,  MP  32,  215-16 

(1950)  30)H.Tominaga  & T.Kanno,  JChem- 
Socjapan  53,  106-8(1950)  & CA  46,8373 
(1952)  31)A.Le  Roux,  MP  33,  107-11 

(1951)  32)L. Medard,  MP  33,  350(1951) 

3 3)T. Sakamaki,  Japan?  147(’51)  & CA 

46,  11690(1952)  34)Belgrano(  1952),  187 
and  tables  at  the  end  of  the  book  35)L. 

S. Byers,  USP,  2,589,532(1952)  & CA  46, 
5320(1952)  36)Stettbacher,  Poivoras 
(1952),  114-17  37)R.Sartorius,  MP  34, 

20  5(19  5 2)  37a)A.Nuhsbaum,  AustrianP 
927(1952)  & CA  47,  322(1953)  38)W.B. 

Richardson,  USP  2,647,047(1953)  & CA 

47,  10852(1953)  39)"  Arm  ament  Engineer- 

ing,” US  Military  Academy,  West  Point, 

NY  (19  5 4),  69*70  40)"Military  Explosives,” 

US  Dept  of  the  Army  Technical  Manual 
TM  9*1910(1955),  184-6,  196-9,  210-12  & 

214  41)P.G. Wallerius,  SwedP  152,025 

(1955)  & CA  50,7463(1956)  42)F.Frutiger, 
SwissP  306,061(1955)  & CA  50,16110(1956) 
42)M.A.Cook  et  al,  JPhysChem  61,  189*96 
(1957)  4 3)" Aluminized  Nylon  PBX,” 


US  Naval  Ordnance  Laboratory,  NavOrd  Rept 
6067(1957)(Conf)  44)B.T.Fedoroff  et  al, 
PATR  2510(1958),  pp  Ger  3 & 212  45)A.G. 

Streng  & A.  D.Kirschenbaum,  USP  2,836,484 
(1958)  & OffGazz  73D(May  1958),  955  46) 

D.Price,  "Current  Status  of  Problems  Con- 
cerning Aluminized  High  Explosives,”  Nav 
Ord  Rept  6238,(6  March  1959)(Conf) 

Aluminum  Containing  Explosives;  Trauzl 
Tost  Yalues.  According  to  Davis  (Ref  1),  the 
standard  Trauzl  test  does  not  give  reliable 
results  with  expls  contg  Al  or  other  materials 
which  produce  high  temperatures  on  detona- 
tion. This  is  because  the  hot  gases  of  re- 
action erode  the  lead  inside  the  Trauzl  block 
(cylinder),  thus  increasing  its  volume  in  addn 
to  the  increase  produced  by  expansion  of  the 
gases,  Medard  (Ref  2)  claimed  that  more  re- 
liable results  are  obtained  when  the  French 
modification  of  die  test  is  used.  The  result 
thus  obtained  is  called  the  "coefficient 
d’utili zation  pratique,”  abbreviated  to  CUP 
or  cup.  The  test  is  described  in  Ref  2 
Refs:  l)Davis(  1943),  25  2)L. Medard, 

MP  33,  344-51  (1951) 

Aluminum  Containing  Flares.  See  Aluminum 
Flares 

Aluminum  Containing  Rocket  Propellants. 

See  Aluminum  Dust  in  Rocket  Propellants 
Aluminum  Cordeau,  according  to  Davis(1943) 
p 11,  is  a detonating  fuse  consisting  of  Al 
tubing  filled  with  PA 
Aluminum  Dust  and  Its  Explosions.  Dusts 
of  Al  and  of  some  of  its  alloys  (such  as  Al/ 
Mg)  are  hazardous  materials  to  handle  be- 
cause they  are  inflammable  and  may  cause 
explns  or  fires.  Particularly  dangerous  are 
mixts  of  dusts  with  gases  contg  oxygen  such 
as  air.  Mason  and  Taylor  (Ref  1)  reported 
that  the  low  expl  limit  for  Al  dust  in  dry  air 
is  ca  40  mg  Al  per  1 1 air  and  if  the  Si02 
content  in  air  was  twice  the  concn  of  41 
dust,  no  expin  took  place.  Berger  (Ref  3) 
discussed  the  danger  of  expin  and  fire  during 
grinding  of  the  light  metals  .Al  or  Mg.  Brown 
(Ref  4)  discussed  dust  expin  hazards  in 
plants  producing  or  handling  Al,  Mg  or  Zn 
powders.  Sata  & Ilarisaki  (Ref  5)  studied 
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the  ignition  and  expin  of  Ai  dust  in  air  in 
various  proportions  and  at  different  pres- 
sures. Fieldner  & Rice  (Ref  6)  reported  that 
tests  of  explosibility  of  various  dusts,  of 
comparable  fineness,  showed  that  Al,  pure 
Fe,  Mg.  Dow  metal,  Ti  and  Zr  are  more 
expl  than  other  metals  or  coal  dust.  Hart- 
mann & Greenwald  (Ref  7)  discussed  the 
explosibility  of  various  metallic  dusts. 
Hartmann  & Nagy  (Ref  8)  discussed  the  ef- 
fect of  relief  vents  on  reduction  of  pressure 
developed  by  dust  explns  of  Al,  Mg,  etc.  Goto 

Ur  Cllim  / T?  *=>  ( Oi  m m*A  flvit  tkc  dvnln  r « n. 

Vi  ^ r\*-  *■  y j v»l>4|uw\i  w viiv  v A^yni  m 

flammation  of  Al  powder  is  a chain  reaction 
in  which  radiation  participates  to  some  ex- 
tent. The  designation  ’'radiation  chain”  was 
suggested.  Schlapfer(Ref  10)studied  Al 
dust- air  explns  by  the  method  of  producing 
a steady  dust  flow.  Anon  (Ref  12)  discussed 
the  hazardous  nature  of  AI  and  other  metallic 
dusts 

According  to  Hart  & Tomlinson(Ref  11), 
while  the  explosibility  of  metal  powders  de- 
pends upon  many  factors,  such  as  ignition, 
temperature,  particle  size,  particle  size  dis- 
tribution, shape,  moisture  content,  energy 

3 £ ! : * *1 * k* 

LCljLIllCU  1U1  i^iii  L1UU)  CIV,  kliC  1UC1019  111 <\y  UV 

arranged  in  decreasing  order  of  explosibility 
of  their  dusts  as  follows:  a)Zr  & Tifusually 

shipped  under  w or  ale)  b)Mg  (less  than 
200  mesh)  c)Mg/ Al  alloy  (less  than  200 
mesh)  d)  Al  (less  than  6 microns)  and  e)Si 

Toxicology,  fire  & explosion  hazards  of 
a i j j: * 1 : ~ t>^c  to 

m UUM  tuv  Ul  9VU99CU  XU  ivt  L ± J 


Refs:  1)R. B. Mason  & C. S.Taylor,  IEC 


H.  Berger,  Metallwirtschaft  19,  404-11(1940) 

& CA  34,  5805(1940)  4)H. Brown,  USBur- 

MinesInfCirc  7148(1941)  & CA  35,  5703 
(1941)  5)N.Sata  & Yu.  Harisaki,  BulIChem- 
Soc,  Japan  18,  21-30(1943)  & CA  4311(1947) 

Aa  r o_  w t?  r r c* 

v-.i  iciuuci.  <X  w.k.lVtvv,  UOL»Wt_ 

Mine  sin  fCirc  7241(1943)  & CA  37,  6845 
(1943)  7)I.Hartmann  & H.P. Greenwald, 
Mining  & Met  26,  331-5(1945)  & CA  40,  2629 
(1946)  8)1. Hartmann  & J.Nagy,  USBurMines 


Reptlnvest  3924(1946)  9)k.Goto  & E.Suito, 
RevPhysChem,  Japan,  ShinkichiHoribaCom- 
memVol  1946,82-5  & CA  44,  1707(1950)  10) 

P.Schiapfer,  SchweizVerGas wasseffachMonats- 
bull  31,69-82(1951)  & CA  46,  3762(1952)  11) 

D.Hart  & W.R.Tomlinson,  Jr.  Metal  Progress 
59,788-92(1951)  & CA  45,6844(1951)  12)Anon, 
C & EN  32,  258(1954)  & CA  48,  4838(19  5 4) 
13)Sax(1957),  261-2 


Aluminum  Du*t  In  Rocket  Propellant*.  The  pos- 
sibility of  using  Al  dust  as  a fuel  iogredient 
of  rocket  propellants  was  investigated  by 
Scettbacher.  The  dust,  was  mixed  with  liq 
hydrocarbons  such  as  ben 2,  nuueral  Oil,  etc, 
and  liq  oxygen  was  added  as  an  oxidizer. 

Other  combustible  metal  dusts,  such  as  Mg 
and  Be,  could  be  incorporated  with  Al.  Heats 
of  combustion  of  some  of  these  mixtures  were 
given 

Ref:  A.  Stettbacher,  Explosivst  1956,27 
Aluminum  Flare*  are  military  devices  contg 
pyrotechnic  compns  which  are  mixts  of  finely 
powdered  substances  compressed  into  candles. 
The  most  important  ingredients  in  a pyrotech- 
nic compn  are  the  fuel  and  the  oxidizing 


agent.  To  these  are  usually  added  other  ma- 
terials to  intensify  the  color  of  the  light 
produced,  decrease  the  burning  rate,  act  as 
a binder  and  waterproof  the  compn 

Powdered  Mg,  Al  and  alloys  of  these  are 
the  fuels  generally  used.  The  oxidizing  agent 


.1  At 


itna/l  k . . a 1 ak 
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of  light  and  burning  rate  desired.  The  nitrates 
of  Ba,  Sr,  Na  andK,  the  perchlorates  of 
Aram  and  K,  and  the  peroxides  of  Ba,  Sr  and 
Pb  are  among  the  most  important  oxidizing 
agents  used.  Effective  color  intensifiers 
are  organic  chlorine  compounds  such  as 

1 1_1 1 1. ! I J* J 
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chlorinated  waxes.  Polyvinyl  chloride,  ethyl 
cellulose,  metallic  resinates,  oils,  waxes 
and  asphaltum  have  been  used  as  binding 
agents 


Flares  are  used  for  illuminaclng  purposes 
in:  a)  projectiles  to  illuminate  enemy 
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territory  u)tiip  flares  to  prevent  enemy  infil- 
trations c)  airport  flares  to  provide  illumina- 
tion for  landing  d^parachute  flares  for  obser- 
vation and  bombing  operations  e)reconnais- 
sance  f)bombardment  flares  for  high-alti- 
tude bombing  and  g)tow-target  flares  for 
target  practice  for  antiaircraft  gun  crews 
Sonic  typical  Ai  flare  compositions  and 
their  characteristics  follow: 


o „ ( 


i\  A r -t  T it  / ft  t 1 /Vrt 

i;ji.  Iiiiiuu  Cl  J AV.O  07,  1 iyym 


1203(1947)  2)G.  Barbaras  et  ai,  JACS  70, 

877(1948)  3)Sidgwick.  Chem  Elems  1.(1950), 
413 


Aluminum,  illuminating  Powders.  Various 
mixtures  contg  AI  and  oxidizers  were 
prepd  and  examined  in  France  as  pyrotech- 
nic illuminating  composns.  It  was  found 
that  although  the  "illuminating  power" 


Composition,  % 

Trip  Fiore 

Airport  Flore 

Reconnaissance 

Bombordm. 

and  Landing  Flare 

F 1 are 

Al,  powder 

21.5 

— 

8 

Al,  Grade  A 

— 

2.0 

_ 

__ 

Al,  Grade  B 

- 

20.0 

26.0 



Magnesium 

- 

- 

- 

36 

Barium  nitrate 

69.5 

62.0 

66.0 

34 

Strontium  nitrate 

- 

11.0 

- 

— 

J: 1 - 

lvuiuui  UAtuaic 

5.0 

- 

20 

Sulfur 

4.0 

3.5 

6.25 

_ 

Linseed  oil 

— 

15 

— 

1 

Castor  oil 

- 

- 

1.75 

1 

rknmrtori  etSec 

Candlepower 

50,000 

60,000 

75.000 

800,000 

an  1 an  a *t>ar  r\  or 

n\,i,  pvs 

o '■v  nnn 

50,000 

n r\r\r\ 

71,000 

in2 

Burning  rate, 

2.7 

5.0 

3.7 

6.1 

in/min 

Explosion  temp,  °C 

600 

600+ 

490 

Ref:  US  Dept  of  the  Army  TM9-1910,  "Mil- 
itary Explosives,*'  April  1955, 

Aluminum  Hydride.  A series  of  aluminum 
hvdrid#»s  »nn1nimu<;  tn  boroh vdri de s.  were 

V *- Q J ~ r 

described  in  Ref  1.  They  include  the  sol- 
uble polymer  (A1H?)X  as  well  as  its  in- 
soluble polymer 

Occasionally  expins  have  been  reported 
during  evapn  of  ethereai  solns  of  AlHj  or 
related  compds  used  as  reducing  agents 

1 n M va  n y\M  *•»  n Ana  a ^ a art  O 

XI*  IWOVUWMO.  V»iv  “ 

violent  expln  occurred  when  the  residue 
obtained  on  evapn  of  a dimethylceilulosolve 
soln  of  AlHj  contaminated  with  AlCl,  was 
warmed,  but  no  expln s took  place  when  AlH3 
free  of  AlCla  was  used  (Ref  2) 

Refs:  See  top  of  the  right  column 


(pouvoir  6clairant  in  Fr)  of  Al-contg 

mivrc  i c clirrlifKf  infprmf  fA  tKncp  r-  Art  f 
7 ~ -—“a 

Mg,  the  former  are  much  superior  to  mixts 
based  on  Zn,  Cu  and  organic  combustible 
materials  including  propellants  and  ex- 
plosives 


The  following  table  gives  the  absolute 
and  relative  illuminating  powers  of  various 


mixtures  of  Mg,  Zn,  Cu  and  organic  compds: 


$ u t. i 1 cr, c o Csmpsiifisr 
or  Device 


Relotive(Pj)  Absolute(P) 
Mg  = 1.0  (Lumens  x 10J) 
seeonds/grom 


Mg  ribbon  burning  in  air  1.00  290 

Bulb  "Photolita"  of  ca0.04  0.009 

Philips,  n 5 v,  25Qw 
(Cofiiifiueu  on  next  page) 


A154 


Substance,  Composition 

Illuminating  Power 

or  Device 

Rel  ot  ive(P.) 
Mg=  1.0 

Absolute  (Pi 
(Lumens  x 10^ 
seconds/gram 

Mg  56,  NaN03  39  g- 
binder  5% 

0.62-1.01 

180-293 

Al  49.3  & NaNOs  50.7% 

0.40-0.84 

116-244 

Al  39.4,  NaN03  40.6 
& MgO  20% 

0.87 

252 

Al  39.4,  NaN03  40.6 

& AljO,  20% 

0.74 

214 

Ai  39.4,  NaNOj  40.6 
& NaCl  20% 

0.44 

128 

% 58  & KC104  42% 

0.43 

125 

Al  49  & KCI0451% 

0.30 

87 

Mg  29.2  & NILCIO*  70.8% 

0.27 

78.5 

Al  27.7  & NH*C10,  72.3% 

0.27 

78.5 

Ai  43-9  A NiLClO,  56.1% 

0.45 

130 

Mg  52.7  & NaC104  47.3% 

1.23 

357 

Mg  78.2  & NaC104  21.8% 

1.67 

485 

AI  33.7  & NaCi04  66.3% 

0.35 

101 

Al  51.2  & NaCI04  48.8% 

0.83 

241 

Mg  37.3  A.  KC103  62.7% 

0.25 

72.5 

Al  30.6  & KC103  69.4 

0.23 

67 

Mg  49.1  & Pb(N03)2  50.9% 

0.31 

90 

Al  30.8  & Pb(N03)369.2% 

0.26 

75.5 

Zn  65.3  & KC104  34.7% 

0.013 

3.8 

Cu  57.5  & NH,C104  42.5% 

0.000091 

0.026 

S 20.7  & KClOj  79.3% 

0.013 

3.8 

NC  alone 

0.0034 

0,99 

NC  60  & KClO340% 

0.044 

13 

TNN  31.7  & KC104  68.3% 

0.047 

14 

Resin  13. 7 & NaC10486-3%  0.088 

25.5 

Woodme'al  27.6  & 

0.044 

13 

NsCI03  72.4% 

Ref:  P. Tavernier,  MP  31,  309"426{  1949,  especially 
cables  on  pd  368*382 

Aluminum-Liquid  Oxygen  and  Liquid  Air 

Explosives.  An  expln  of  a mixt  Ai  powder 
and  liq  oxygen,  injuring  17  persons,  occurred 
during  a lecture  demonstrating  the  ignition  of 
such  a mixt  (Ref  4).  The  procedure  used  in  the 
demonstration  was  one  previously  described 
by  Cady(Ref  1).  After  this  accident  the  fol- 
lowing letters  (Ref  5)  dealing  with  Ai-oxygen 
explosions  appeared:  a)A.V.Grosse  stated 

that  for  a number  of  years  at  the  Research 
Institute  of  Temple  University  they  had  ex- 


ploded mixtures  of  Al  powder  with  ox 
and  air  and  had  also  detonated  Al  pa 
mixed  with  liq  oxygen(Ref  3).  They  I 
that  Al  powder  mixed  with  a stoichio 
amt  of  liq  oxygen  to  form  A1j03  is  a ^ 
powerful  expl,  giving  3.85  times  the 
energy  of  an  equal  wt  of  TNT  b)A.' 
stated  that  he  too  had  a classroom 
of  a mixt  of  liquid  oxygen  and  Al  wh 
ducting  the  experiment  according  to 
description.  However,  Bawden  had  a 
formed  the  experiment  about  100  tim< 
taining  a flash  each  time  rather  than 
In  1936  David  Bruce,  a student  at 
College  of  the  Pacific,  did  his  maste 
thesis  on  the  study  of  powdered  Al-1 
Oj  reactions.  He  learned  that  such 
would  always  expl  rather  than  flare  i 
were  enough  02  to  oxidize  83  to  90% 
Al,  when  ignited  with  a burning  tape 
also  learned  chat  such  a mixt  could  \ 
ploded  by  an  electric  spark  from  a F 
A continuous  spark  would  not  ignite 
mixt  until  it  reached  expl  proporns  b 
of  the  liq  oxygen.  Then  an  expln  rad 
a flare  was  always  obtained.  This  e 
noteworthy  because  a small  amount  < 
mixt  produced  a powerful  shock  wavi 
above  results  were  not  published  be 
it  was.  found  that  similar  experiment 
been  previously  described(Ref  2) 
Austin  ec  al  (Ref  6)  discussed  the 
hazard  of  Al-liq  02  mixts  in  detail 
Refs:  l)H.P.Cady,  JChemEduc  8, 

(1931)  2)G.S.Perrott  & N.A.Tolch, 
Bull  349,  (1932)(Liquid  oxygen  exp 
3)A.D. Kirshenhaum,  Research  Institt 
Temple  University,Phila,Pa,  Final  ] 
on  Fundamental  Studies  of  New  Exp! 
Reactions  for  Office  of  Ordnance  Re; 
Contract  No  DA-36-034-ORD-1489(3C 
1936)  4) Anon,  C&EN  35,90(17  Jun 

5)  Anon,  C&EN  35,  12  & 14(15  Aug  1< 

6) C.M.  Austin  et  al,  JChemEduc  36, ! 
(Feb  1959)  (15  refs) 
Aluminum-Lithium  Hydride  or  Lithiui 
uminohydride,  AlLiH4,  wh  solid  prep 
aluminum  chloride  and  lithium  hydrid 
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ethereal  soln:  A1C13 +4LiH  = Li  A1H4  + 
3LiCl(Ref  1).  The  compd  is  a powerful 
reducing  agent,  converting  SiCl4  into  silane, 
etC(Ref  3).  Although  AlLiH4  is  considerably 
more  stable  than  aluminum  hydride(AlHs), 
expins  similar  to  the  ones  described  under 
aluminum  hydride  may  take  place  (Ref  2) 

Refs:  1)A.E.  Fin  holt  et  al,  JACS  69,  1199" 

1203(1947)  2)G. Barbaras  et  al,  JACS  70, 

877(1948)  3)Sidgwick,ChemElems  1(1950), 
413 

Aluminum  (or  Magnesium) .-Methanol  (or 
Water)  Explosives.  According  to  Shidlovskii 
(Ref  l)?mixts  of  Al  and  H20(2:3)  or  Mg  and 
HjO(l:l)  are  capable  of  combustion  when 
subjected  to  intense  heat.  The  Mg  mixture 
can  be  detonated  with  a primer  while  the  Al 
mixt  cannot.  The  same  investigator  claimed 
(Ref  2)  that  on  the  basis  of  theoretical  calcns 
of  heat  evoln,  mixt s of  Mg  or  Al  with  H20 
or  ales  are  potentially  mote  powerful  expls 
that  the  usual  military  materials,  with.Mg- 
MeOH  giving  the  max  gas  evoln.  The  tests 
were  conducted  in  bombs  or  lead  enclo sixes 
with  tetryl  detonators  to  set  off  the  mixts 
of  powdered  metal  and  the  liquid.  All  mixts 
tested  were  found  to  be  powerful  expls 
with  Mg-HjO  being  most  sensitive  to  shock, 
while  Al-HjO  and  Mg-MeOH  were  less  sensi- 
tive and  required  a booster 

According  to  an  investigation  by  Medard 
(Ref  3)*  mixts  of  Mg  + H20,  Mg  + MeOH  or 
2A1  + 3HaO  are  comparable  in  their  power 
to  guncotton  but  they  are  not  able  to  pro- 
pagate the  deton  unless  a small  quantity  of 
a sensitizer  (such  as  7%+  of  PETN)  is  in- 
corporated. For  instance,  the  mixt  contg  Al 
(powder)  30,  H}0  30  and  PETN  40%  has  a 
vel  of  deton  of  5140  m/sec  at  d 1.55,  co- 
efficient d’utilization  pratique  (CUP)(French 
Trauzl  test  value)  119(PA  100),  and  may  be 
detonated  by  a Briska  primer.  It  is  prac- 
tically insensitive  to  shock  but  its  exuda- 
tion, as  detnd  by  the  method  of  Burlot, 

[MAF  14,  303(19  3 5)],  and  its  stability  make 
it  unsatisfactory  for  use  as  a military  ex- 
plosive 

Refs:  1)A. A. Shidlovskii,  DoklAkadN  51, 


131-3(1946)  & CA  40,6817(1946)  2)A.A. 

Shidlovskii,  ZhPriklKhim  19,  371(1946)  & 

CA  41,  1105(1947)  3)L.Medard,  MP  33, 
4°l-503<  1951)  4)A.G.Streng  & D.Kirshenbaum, 
USP  2, 836, 484(  195 8)( Aqueous  metal  powder 
explosives;  eg  Al  42,  AN  30  & HaO  28%) 

Aluminum  Methyl.  Same  as  Trimethyl  Aluminum 
Aluminum  Nitride.  See  under  Nitrides 
Aluminum  Ophorite.  Under  this  unusual  name, 
an  expl  mixt  was  patented  and  claimed  to  be 
suitable  for  military  purposes.' It  consisted 
of  Al  foil  finely  ground  in  oil  (which  was 
not  in  excess  of  2%  of  the  mixt)  and  mixed 
with  pulverized  alkali  and  metal  perchlorates 
Ref:  D.  B.Bradner,  USP  1,775,06  3(1930)  & 

CA  24,  5161(1930) 

Aluminum  Oxide-Silicon  Carbide  Fiber,  de- 
veloped by  the  Carborundum  Co  at  Niagara 
Falls,  NY,  will  withstand  temps  of  2300°F. 

The  fiber  is  suitable  for  insulation  of  gas- 
turbines  and  jet-engine  exhaust  systems, 
and  its  mixt  with  asbestos  will  resist  fire 
and  reduce  heat  loss  through  radiation 
Ref:  Anon,  Common  Defence  Bulletin, No 
143,  Washington, DC( Sept  1952) 

Aluminum  Perchlorate.  See  under  Perchlorates 
Aluminum  Picrate.  See  under  Picrates 
Aluminum  Plate  Test  for  Detonators  is  briefly 
described  under  Plate  Tests  and  also  in 
Davis  (1943),  26 

Aluminum  Soap  Gels  are  briefly  described 
in  Science  in  World  War  II,  Chemistry,  edited 
by  W.  A.Noyes,  Jr,  Little,  Brown  & Co, 

Boston(  1948),  411-12:  ''Properties  of  Aluminum 
Soap  Gels  as  Thickening  Agents  " 

Aluminum  Soaps  of  Mixed  Isobctoic  Acids 
when  mixed  with  hydrocarbon  fuels  produce 
jellied  gasoline  suitable  for  use  in  flame 
throwers  and  incendiary  bombs 
Refi  L. Cohen,  USP  2,741,629(1956)  & CA 
50,  11693(1956) 

Aluminum  Stearate.  See  under  Stearates 
Aluminum  Stearate  Gels.  See  under  Stearates 
Aluminum  Triethyl.  Same  as  Triethyl  Aluminum 
Aluminum  Tripropyl.  Same  as  TriDropyl  Al- 
uminum 
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ALUMS 

Alum  is  the  generic  name  given  to  an  import- 
ant group  of  double  sulfates  of  the  general 
formula M'jSO,. M2?  (SO,),.  24H2<J,  which  is 
sometimes  written  MlM3(S04)2.  12H20,  where 
M is  s monovalent  metal  or  group  such  as 
Na,  K,  Li,  Rb,  Cs,  Tl,  NH4,  Ag  etc  and  M3 
is  a trivalent  metal  such  as  Al,  Cr,  Fe,  Mn, 

In,  Co  etc  (Ref  3).  Alums  are  prepd  by  mix- 
ing aq  solns  of  the  corresponding  salts  and 
crystaiii zing  out  the  alum.  Alums  are  ail 
soluble  in  water  and  crystallize  with  24  moles 
of  water  in  crysts  belonging  to  the  regular 
systems,  usually  octahedra  or  cubic.  Some 
alums,  because  of  their  high  water  of  crystn, 
have  been  used  in  commercial  expls  as  cool- 
ing agents.  Those  alums  which  have  been 
used  for  this  purpose  are  described  below 
For  more  information  on  alums  see  Refs 


1.  2.  3,  4,  & 5 

Refs:  i)Mellor  l(1924)f  340-54  2)Gmelin, 

Sy st  Nr  35,  B 1 & 2(1934),  248-279,  378,  453,  509 
3) Thorpe  1 ( 1947),293-6  4)Kirk  & Othmer 
1(1947).  653-5  5)Cond  Chem  Dicc(1956),  47 


Ammonium-Aluminum  Aium,  (NH4)lS(J4.  Ai2 
(S04),.  24HjO,  mw  906.64,  mp  92-5°,  d 
1.54  at  2Q°/4°i  nD  1,4591.  Col  octagonal 
crysts  losing  24  H20  at  200°.  The  soly  of 
the  hydrate  in  w is  given  by  Locke(Ref  1). 
Ammonium  alum  is  used  in  medicine,  as  a 
mordant  in  dyeing,  in  water  purification, 
in  paper  sizing  and  in  the  dressing  of  skins 
(Ref  5)  and  can  be  used  in  expls  as  a cool- 
ing flopnt  Fnr  mnrp  information  see  Refs 

— o — o " 


2,3,4  fk  6 

Refs:  1)J. Locke,  AmChemJ  26,  174(1901) 

2)Mellor  5,  (1924),  340* 57  3)GmeIin,SystNr 
35,  B 2(  19 34),  508- 1 5 4)Thorp  e 1 ( 1947),  296 

j)rvirK  # WUH'.IU  i { iy*kf)9oj  J ojv^uuu  ^ncm 


Dict(  19  56),  49 

Ammonium  Chrome  Alum  (Alum  Ammonium 


Chrome),  (NH4)2S04 . Cr2(S04)3 . 24H20, 
956.72,  mp  dec  100°,  d 1.72;  gm  or  viol 
crysts.  Can  be  prepd  by  treating  an  aq  solfl 
of  (NH4)2Crz07  with  H2S04  and  a stream  of 
tn  1 2,  -ft  ^ol  in  v si  sol  in  ale.  It 

^ -f/ - — - J — “ ’■ 

has  been  used  in  some  expisfeg,  Chromeam- 
monite  Reinforced)(qv),  as  an  oxidizer,  and 
as  a cooling  agent.  On  expln  it  also  evolves 
fairly  large  amts  of  gases,  N2,  H20  and  S02 


Refs:  1)C. A.Taylor  & W.H.Rinkenbach, 

BurMinesBull  No  219,  49(1923)  2)Mellor 
11(1931),452  3)Thorpe  3 (1946),  100  4) 

Cond  Chem  Diet  (1956), 279 

A t I A I /ATU  \ PA  /PA  \ - 

Mnimuiu  urn- 1 ivii  niviii,  ^ 

24H20,  mw  964.40,  mp  40°,  d 1,71.  Violet 
octagonal  crysts,  sol  in  w,  insoi  in  ale. 

Was  prepd  by  mixing  molecular  propoms  of 
ferric  and  ammonium  sulfates  and  concentrg 
the  soln  spontaneously.  It  has  been  proposed 
as  a standard  in  titration s( Ref  1)  and  prob- 

aLI  «r  o rt  A La  11  c*A/l  rt  c I irt/*  O ■ rt  A 1 C 

oui  y con  l/v.  uoc.u  au  u ww  tiug,  m.  ^ *-» 

Refs:  l)L.L.de  Konnick,  BullBelg  23,  222 

(1909)  2) Thorpe  7,(1948),  60  3)Cond 

Chem  Dicc(1956),  476 
Potassium-Aluminum  Alum  (Kalinite), 

K2S04.  Al2(S04)s.  24H20,  mw  948.7  5,  mp 
92ctIoses  18H20  at  64.5°),  d L76  at  2674°. 

C*r\  1 rYi nnnrl  ra; cfc  caI  tn  w Tfc  anhvHrAiis 

ll,w“v  '•*  ■»“/ 1 — ■’ * J 

salt,  KA1(S04)2,  mw  258.19,  d 2.75  at  20°, 
when  heated  with  carbon  produces  “Homberg's 
Pyrophorus,”  a flammable  compd  contg  K 
sulfide(Ref  3).  I£  has  also  been  used  in 
expls,  such  as  Clark's  rowdei(qv) 

Refs:  l)Mcllor  5 (19 24),  343  2)Thorpe  1 

(I947),  294  3)Kirk  & Othmer  1 (1947),  655 
4)Cond  Chem  Dict(1956),  52 
Potassium-Chrome  Alum( Chrome  Alum), 

K2S04.  Cr2(S04),-  24HsO,  mw  998.86,  mp 
89°,  d 1.813-  Viol  crysts  turning  gm  on 
melting;  in  aq  sol  the  change  occurs  at  ca 
78^Ref  1).  The  satd  soln  at  18°  contains 
28, 2%  K.SO..  Cr.(SO.)s . 24H.O  of  which 
51.8%  exists  as  a violet  salt  (Ref  2). 

Chrome  alum  is  used  in  paper  making,  photog- 
raphy, dyeing,  printing  and  tanning.  It  has 
also  been  used  in  an  expl  called  Chrome- 

alliiiOiiltC  (4*0 

Refs:  l)Mellor  11  (1931),454  2)Thorpe 

3(1946). 100  3)Cond  Chem  Dict(I956),279 
Potassium-Iron  Alum  (Ferric  Potassium 
Sulfate  or  Iron  Aium),  K2S04.  Fe2(S04)3? 

24H}0,  mw  1006.5,  mp  33°,  d 1.806.  Prepd 
by  mixing  equi  moiecular  amts  of  ferric  and 

V onl  nr\A  /‘Art/'o  ^ cr»  1 n cnnntQn  omiclu 

'-5  -•/  - 

It  forms  fine  violet  octahedra  crysts,  liable 
to  decomp  to  a brown  deliquescent  mass. 

Iron  alum  is  sol  in  w,  in  sol  in  aic.  This 
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alum  is  used  in  dyeing  and  in  calico  print- 
ing and  probably  can  be  used  as  a cooling 
agent  in  expis.  If  caustic  potash  is  added 
to  a soln  of  the  alum  and  the  brown  liquid 
allowed  to  evaporate,  yel-brn  crysts  of 
5KjS04  • 2Fe3(S04)j,  16H20  separate.  These 
crysts  have  the  peculiar  optical  props  of 
tourmaline  (Ref  1) 

Refs:  l)Mellor  14(1935), 340-4  2)Thorpe 

7 (1948), 60  3)Cond  Chem  Diet  (19 56), 479 
Sodium-Aluminum  Alum  (Soda  Alum), 

Na2S04.  A12(S04)j.  24H20,  mw  916.55,  mp 
61°,  d 1.675  at  2074°,  nD  1.4388  4.  Col 
octahedra  or  monoclinic  crysts,  occurg 
naturally  as  the  mineral  mendozite.  It  is 
produced  from  Al  sulfate  by  adding  a clear 
soln  of  Na  sulfate.  Soda  alum  is  highly  sol 
in  w (Ref  2),  sol  in  dil  acid  and  insol  in 
ale.  It  has  been  used  in  baking  powder 
manuf  and  in  the  prepn  of  matches 

Refs:  l)Mellor  5,(  1924), 342  2)M.Nousseron 

& P.Gravier,  BullFr  (4]  51,  1383(1932)  3) 

Thorpe  1(1947), 296  4)Kirk  & Othmer  1 
(1947),655  5)Cond  Chem  Dict(  1956), 53 
Alundum.  A pure  crystalline  AljOj  in  gran- 
ular form,  d 3.9-4.0,  mp  20  30-20  50°,  hard- 
ness on  the  Mohs  scale  9.  It  has  been  used 
as  an  abrasive,  a basic  refractory  material, 
as  a component  of  low-expansion  glasses, 
as  a filtering  material  and  for  chemical 
apparatus.  It  is  probably  suitable  as  a 
component  of  primer  compns  in  lieu  of 
class,  etc 

Kefs : l)Hackh(  1944), 41  2)Kirk  & Othmer 

1(1947), 640-1  & 646-9 
Alvi  si  patented  beginning  1898  in  Italy 
and  England  a series  of  expis  based  on  am- 
monium perchlorate,  such  as  cremonites, 
kratites,  etc 
Ref:  Daniel(1902),  17 

Am— added  to  a Fr  name  or  abbrev  of  a pro- 
pellant means  that  amyl  alcohol  was  used 
as  a stabilizer.  For  instance,  BFAm2  stands 
for  "poudre  B,  fusil,  amyl  ale  2,"  means 
a NC  propellant  with  2%  of  amyl  alcohol, 
for  use  with  rifles.  Such  propellants  are 
no  longer  manufd  because  amyl  alcohol 
proved  to  be  a poor  stabilizer 


Ref:  Pascal(1930),234 

Amalgam  is  a liquid,  semiliquid  or  solid 

alloy  of  mercury  with  Na,  Ag,  Ca,  Li,  NH4, 

Au,  etc.  The  moat  important  amalgam  is 
that  of  Na  and  it  will  be  a liquid  when  the 
amt  of  Na  is  less  than  1.25%,  or  a solid 
when  the  amt  of  Na  is  higher.  It  can  be  prepd 
by  gradually  adding  small  pieces  of  Na  to 
Hg  under  kerosene  or  mineral  oil  while  avoid- 
ing a rise  in  temp,  (Refs  3 & 4).  A good 
description  of  amalgams  is  given  in  Thorpe’s 
(Ref  2).  Na  amalgam  is  easier  to  handle  than 
Na  metal;  it  is  used  as  a reducing  agent. 

Other  uses  of  amalgams  are  given  in  Ref  2. 

Dowling  (Ref  1)  pointed  out  the  danger  of 
expin  in  amalgam  barrels  (Note:  The  type 
of  amalgam  is  not  indicated  in  Ref  1) 

Refs:  1)W.R. Dowling,  CA  5,  2240(1911) 

2) Thorpe  1(1937),  298-300  3)InorgSynth 
1 (19 39), 5*  18  4)Kirk  & Othmer  1(1947), 447 

Amasite.  An  expl  patented  in  the  early  1900’ s 
by  the  Societe  Anonyme  des  Explosifs 
Favier,  Vilvorde,  Belgium  and  permitted  for 
use  in  England:  NH4C104  32  to  36,  NaNO} 

29  to  33,  NB  30  to  36  & agar-agar  0. 15  to 
0.5% 

Ref:  Escales,  Chloratspr(  1910).  163 

Amatex.  According  to  Ref  1 there  are  sev- 
eral composns  known  under  this  name,  such 
as  Amatex  5,  which  consists  of  AN  25,  TNT 
50  & RDX  25%.  More  important  is  Amatex  9: 
AN  50,  TNT  41  & RDX  9%,  which  was  used 
by  the  Brit  during  WW II  in  large  GP,  MC, 

HC  & A/S  bombs.  It  was  prepd  by  mixing 
60/40  amatol  with  15%  Comp  B.  The  latter 
was  added  to  eliminate  the  tendency  of 
large  amatol-filled  bombs  toward  low  order 
detonation.  The  sensitivity  and  brisance  of 
Amatex  9 was  slightly  higher  than  that  of 
amatol  60/40 

According  to  Jimenez(Ref  2),  Amatex 
is  an  amatol  sensitized  by  a small  amt  of 
HNDPh A 

Refs:  1) All  & EnExpls(iy46),  133  2)J.M. 

Jimenez,  "Explosivos, ” Ediciones  Ejercito, 
Madrid(1951),  28 
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AMATOL 

" Military  Nitrate  of  Ammonia ” 

[Called  Amatol  or  Full  pul  ver(Fp)  No  13  & 

No  13a  in  Germany;  Amatol  in  GrBrit,  Fr  & 
Rus;  Amatolo  in  Spain;  Amatola  in  Italy  and 
Shotoyaku  in  Japan](Fr  abbreviation  NT) 
Amatols  are  expl  mixts  of  AN  with  TNT 
in  various  propns.  They  were  invented  in 
1915(Refs  4 & 6)  by  the  Brit  in  order  to  ex- 
tend the  available  supply  of  TNT  which  was 
very  scarce  at  that  time.  Two  mixts  were 
used  by  the  British:  an  80/20  amatol  (a 
plastic  mass  resembling  wet  brown  sugar) 
and  a 50/50  amatol  (a  cast  mass  resem- 
bling cast  TNT).  The  1st  figure  refers  to  AN, 
the  2nd  to  TNT.  (The  Germans  who  also 
adopted  amatols  had  the  1st  figure  referring 
to  TNT  and  the  2nd  to  AN.)  The  US  Govt, 
shortly  after  its  entrance  into  WWI  author- 
ized the  use  of  above  amatols  for  loading 
HE  shells.  The  first  mixt  was  loaded,  while 
hot,  either  by  extrusion  or  pressing^whereas 
the  second  mixt  could  be  cast-loaded,  which 
was  an  advantage,  Amatols  were  cheaper 
than  TNT  and,  on  explosion,  produced  greater 
volumes  of  gas  per  unit  weight.  The  addition 
of  AN,  rich  in  oxygen,  results  in  more  com- 
plete combustion  of  the  TNT.  For  this  reason 
the  smoke  produced  by  the  deton  of  amatol 
is  of  a light  yellowish-white  color  in  contrast 
to  the  heavy  black  smoke  produced  by  straight 
TNT.  All  amatols  have  lower  velocities  of 
deton  and  brisance  than  TNT, but  are  more 
powerful  as  j udged  by  Ballistic  Mortar  and 
Trauzl  tests.  The  impact  sensitivity  of  ama- 
tols is  comparable  to  that  of  TNT,  but  with 
increasing  proportions  of  AN  amatols  become 
more  difficult  to  deton.  All  amatols  are  hygro- 
scopic and  in  the  presence  of  moisture  attack 
metals  such  as  copper,  brass,  bronze  and 
lead(Ref  14) 

Explosive  Properties.  Some  explosive  proper- 
ties of  the  more  important  amatols  are  given 
in  the  table  shown  on  the  followi  ng  page 
Hackel(Ref  5)  reported  that  with  a 2kg 
hammer  there  was  no  difference  in  impact 
sensitivity  between  amatol  and  straight  TNT 
(value  about  6 0cm)  but  with  larger  weights 


amatol  proved  to  be  more  sensitive.  For  one 
explosion  in  ten  trials  using  a 5kg  wt,  Hack  el 
obtained  the  following  results  in  cm:  TNT 
40-42,  10/9(7  AN/TNT  27,  40/60  21. 

50/50  19,  60  AO  15,  70/30  18,  80/20 

24-26  & 90/10  39 
Smith(Ref  7)  claimed  that  the  explosive 
action  of  amatol  is  increased  by  incorporat- 
ing into  it  (by  absorption)  a highly  inflamma- 
ble liquid  such  as  benzene  or  gasoline.  A 
method  for  increasing  the  density  of  a charge 
of  amatol  in  which  the  percentage  of  the  TNT 
is  less  than  that  required  to  make  the  amatol 
flow  at  a temp  within  10—20°  above  the  mp 
of  TNT  has  been  reported  by  Snelling(Ref  8) 
Systematic  measurements  of  the  influence 
of  boundary  conditions  on  the  detonation  ve- 
locity of  60/40  amatol  charges  of  finite  radii 
have  been  made  by  Copp  & Ubbelohde  (Ref 
15).  Various  physico-chemical  conditions 
which  control  the  thermal  decomposition  and 
the  rate  of  energy  release  were  investigated 
by  the  method  of  Dautriche.  A summary  of 
mean  deton  vels  (D)  for  cast  60/40  amatol 
confined  in  cylindrical  tubes  of  steel,  lead 
and  cardboard  (which  approximates  an  uncon- 
fined chge)  is  given  in  their  paper.  Results 
of  their  work  have  shown  that  the  grist  size 
of  AN  and  the  boundary  conditions,  have  a 
marked  influence  on  the  value  of  D(mean  vel 
of  deton  at  a given  chge  radius),  but  not  on 
the  value  of  Do(veI  of  deton  at  infinite  chge 
radius) 

Preparation  of  Amatols 
80/20  Amatol . AN(TJS  Spec  JAN-A-175), 
previously  ground  by  running  through  a 
crusher  , dried  to  contain  not  more  than  0.25% 
moisture  and  screened  to  remove  foreign 
materials  and  to  obtain  required  size(see 
Note),  was  heated  to  90—95°  in  a mixing  ket- 
tle, provided  with  a steam  jacket  and  mechani- 
cal agitation.  To  this  was  added  gradually, 
with  constant  agitation,  the  calcd  amt  of 
molteo  TNT  at  ca  95°  and  the  mixt  thoroughly 
blended  by  continuing  the  agitn  for  at  least 
15  mins,  while  maintaining  the  temp  at  95°. 

At  the  end  of  this  period  the  hot  amatol  was 
transferred  to  the  loading  apparatus(Refs  6 & 10) 
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Explosive  Properties  of  Amatols 
(Token  mostly  from  Ref  19) 


Composition  & Properties  Amatol 


80/20 

60/40 

50/50 

45/55 

40/60 

Composition:  AN 

80 

60 

50 

45 

40 

TNT 

20 

40 

50 

55 

60 

Nitrogen  Content 

31.7% 

28.4% 

26.8% 

25.9% 

25.1% 

Oxygen  Balance  to  C02 

+1.20% 

“17.6% 

-27.0% 

-31.7% 

-36.4% 

Oxygen  Balance  to  CO 

+1 1.06% 

+2.13% 

-2.32% 

-4.55% 

-6.78% 

Color 

Lt  buff 

Lt  buff 

Buff 

Buff 

Buff 

Melting  Point,  °C 

- 

- 

81 

- 

- 

Density,  g/cc 

1.46 

1.61 

1.59 

- 

1.54 

Detonation  Velocity, m/sec 

5080* 

5500* 

5600* 

6470 

6500 

Detonation  Velocity, ft/sec 

- 

- 

19,680 

- 

- 

Brisance  by  Sand  Test, 
assuming  100%  for  TNT 

75 

85 

86-90 

— 

95 

Explosion  Temperature,  °C 

280-300 

270 

254-265 

- 

- 

Heat  of  Explosion, cal /g 
at  Cv 

Heat  Tests 

Impact  Sensitivity  Test, 
2kg  wt,  assuming  100cm 
fall  for  TNT 

Pendulum  Friction  Test 

Power(by  Ballistic  Mortar 
Test  or  by  Trauzl  Test), 

1004 

Slightly  less  stable  than  TNT 

950 

920 

90-95 

95-100 

Unaffected 

93-100 

93-100 

assuming  100%  for  TNT 
Power  by  Trauzl  Test, 

130 

128 

120-125 

120 

assuming  100%  for  PA 
Rifle  Bullet  Test 

Unaffected 

112 

Energy  of  Air  Blast 

- 

- 

84 

- 

- 

Energy  of  Shock  in  Water 

- 

- 

94 

- 

- 

Shaped  Charge  Efficiency 

— 

54 

•According  Ref  15,  vel  of  deton  of  60/40  amatol  charged  at  1.50  in  a steel  tube  17  mm  diam 
is  6060  m/sec  when  prepd  with  a finely  ground  AN,  vs  5860  m/s ec  when  using  a coarse  AN. 
Evans  (Ref  156)  gives  for  60/40  amatol  5600  m/sec  at  d 1.6. for  50/50  amatol  5850  at  d 1.6  and 
for  80/20  amatol  5200  at  d 1.6 
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Note:  In  order  to  obtain  a mixt  sufficiently 
plastic  to  consolidate  well  on  loading  with- 
out separation  (leaking)  of  molten  TNT,  it 
is  necessary  to  use  AN  of  proper  granula- 
tion, American  practice  was  to  use  AN, 
which  met  the  followi  ng  requirements: 

Through  a No  10  US  Std  Sieve  — not  less 
than  99%,  through  a No  10  & on  No  35  — 

32  to  48%  and  through  a No  100  — 15  to  30% 

50/50,  60/40  and  40/60  Amatols . AN(US 
Spec  JAN— A — 175),  previously  ground,  dried 
(to  contain  not  more  than  0,25%  moisture) 
and  screened  to  remove  foreign  materials, 
was  heated  to  90—95°  and  gradually  added 
to  calcd  amt  of  molten  TNT  in  a kettle,  pro- 
vided with  a steam  jacket  and  mech  agitn. 

The  race  of  addn  was  such  that  no  segrega- 
tion or  lumping  of  AN  took  place,  Agitn  was 
continued  at  90—95°,  until  thorough  blending 
and  uniform  fluidity  were  achieved.  Then 
the  mixt  was  cooled  to  ca  85°  and  ready  for 
cast  loadi  ng(Refs  6 & 10) 

Notes : Mitra  & Ram(Ref  14)  conducted  studies 
of  the  optimum  conditions  for  crystn,  drying 
and  caking  of  AN  and  detnd  the  effects  on 
amatol  fluidity.  Some  of  their  conclns  were 
as  follows:  a)  the  cryst  form  of  AN  is  of 
little  importance  but  spherically  shaped 
cryst s make  satisfactory  amatols  b)  crystn 
of  AN  at  a temp  of  160°,  followed  by  drying 
at  100  gives  a product  suitable  for  pouring 
65/35  amatol  c)  it  is  of  importance  to  keep 
the  moist  content  of  AN  below  0,15%  before 
mixing  with  TNT.  Mcdard  & Le  Roux(Ref 
16a)  reported  that  i n prepn  of  various  AN 
expls(including  the  amatols)  the  best  vel  of 
deton,  sensitivity  to  ignition  and  coeff  of 
self-excitation  are  obtained  when  a heavy 
wheel  (5  tons)  is  used  for  pulverizing  AN 

Shell-Loading  with  80/20  Amatol.  Part  of 
the  mixt  maintained  in  the  kettle  at  90—95° 
(See  above  under  Preparation)  was  trans- 
ferred to  the  hopper  of  an  extruder  which 
was  provided  with  a stirrer  and  jacket  heated 
with  steam  at  3—5  lbs  pressure.  The  extrud- 
ing machine  consisted  of  a steel  tube  in 
which  a worm  screw  rotated  slowly.  This 


machine  was  counterweighted  so  that  t 
amatol  was  forced  into  the  shell  under 
definite  limited  pressure.  The  shell,  p 
viously  cleaned  inside  and  uniformly  c 
with  a special  varnish,  was  placed  at 
mouth  of  the  extruder  and  filled  to  wit! 
inches  of  the  top.  After  removing  the  i 
a cavity  for  a f< booster  surround”  wa; 
by  driving  or  pressing  a hardwood  plu^ 
the  nose  of  the  shell.  After  removing  t 
the  cavity  was  filled  with  molten  TNT 
this  has  solidified,  a booster  cavity  w 
drilled  as  described  under  TNT,  Extru 
was  carried  out  automatically  and  no  c 
allowed  in  the  building  while  the  shel. 
ing  filled.  No  tools  containing  copper 
used,  which  means  that  brass  or  bronz 
ment,  as  customarily  used  in  the  loadi 
straight  TNT,  was  excluded.  After  fill 
first  shell,  the  density  of  the  amatol  c 
was  determined  as  prescribed  by  US  A 
Spec  50— 15— 3A.  It  should  not  be  belo 
Note:  The  density  was  detnd  by  weigl 
the  empty  shell  before  loading  (W  ),  ^ 
ing  it  filled  with  water  (W  ),  (making 
ance  for  the  surround  cavity),  thorougl 
ing  the  shell  and  reweighing  it  after  1< 
by  extrusion  with  TNT  (W£).  This  give 
(of  amatol)  = - We 


If  d is  below  1.38,  the  pressure  in  t 
truder  is  increased  until  the  desired  d 
tained(Refs  6 & 10  and  US  Army  Spec 
15-3A) 

Note:  H. Graham  et  al(Ref  13)  describ 
procedure  for  filling  shell  with  80/20 
which  produced  d' s up  to  1.47.  In  thii 
the  amatol  was  first  flaked  by  passing 
through  milling  rolls  heated  to  about  1 
with  space  between  the  roils  about  0. 
and  then  cooled  to  RT.  The  empty  sh< 
bomb),  nose  down,  was  stemmed  with 
hammer  for  15  to  20  mins  while  the  an 
flakes  were  added  in  20  increments.  1 
method  of  filling,  it  was  claimed,  woi 
ford  the  advantage  of  uniform  distribui 
which  was  never  obtained  by  other  mi 
of  filling 
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Shell-Loading  with  50/30  Amatol . A part  of 
molten  amatol  was  brought  to  a temp  ca  85° 
and  poured  into  the  shell  through  a tightly 
fitting  funnel,  called  a riser,  so  that  the  level 
of  the  charge  before  solidification  came 
within  approximately  1"  below  the  bottom  of 
the  booster  casing.  After  allowing  the  charge 
to  solidify,  with  occasional  breaking  of  the 
crust  until  the  central  portion  of  the  pour  was 
still  slightly  mushy,  a second  pour  was  made 
to  the  desired  height.  Immediately  after  the 
second  pour  a rod  was  inserted  through  the 
second  pour  until  it  came  into  contact  with 
the  first  pour.  When  the  charge  had  cooled, 
the  rod  was  removed  with  a twisting  action 
and  the  cavity  was  filled  with  molten  TNT. 
The  same  precautions  had  to  be  observed  as 
was  mentioned  under  "Loading  with  80/20 
Amatol’  ’ , The  density  of  loaded  50/50  ama- 
tol had  to  be  >1.50  and  it  was  detnd  as  de- 
scribed under  80/20  amatol  or  in  US  Army 
Spec  50-15-15C(Refs  6 & 10) 

Note:  This  method  of  loading  is  applicable 
to  any  castable  amatol,  such  as  60/40  and 
40/60 

Recovery  of  TNT  from  Scrap  Amatol.  During 
WWI,  a method  was  developed  and  used  for 
the  recovery  of  TNT  from  amatol  scrap.  The 
recovered  TNT,  however,  was  often  discolored 
and  of  doubtful  quality  due  to  the  low  grade 
TNT  and  AN  used  in  making  amatol.  During 
WWII,  the  TNT  specified  for  amatol  was  of 
higher  quality  and  since  the  AN  was  made 
from  synthetic  ammonia,  it  did  not  contain 
impurities  which  reacted  with  TNT  to  affect 
its  color  or  purity.  Therefore,  the  process 
formerly  used  which  involved  the  extraction 
of  the  AN  with  hot  water,  filtering  and  grain- 
ing the  molten  TNT,  yielded  a Grade  I TNT 
from  scrap  50/50  amatol  complying  with  the 
minimum  requirements  of  the  US  Army(Ref  9) 
Stability  of  Amatols.  According  to  Ref  17a, 
p 183,  the  vacuum  stability  of  50/50  amatol 
is  a little  less  than  that  of  TNT  at  temps  of 
100  and  120°,  there  evidently  being  very  si 
reaction  betw  TNT  and  AN  at  those  temps. 

At  temps  below  the  mp  of  TNT(ca  $0°),  there 


is  no  evidence  of  reaction.  After  storage  at 
50°  for  3 months,  there  is  no  change  in  the 
sensitivity  brisance  or  stability 

Inasmuch  as  some  amatols  prepd  in  France 
showed  instability,  an  investigation  on  sta- 
bility of  various  mixts  of  AN  and  TNT  was 
conducted  after  WWII  at  the  Laboratoire  Cen- 
trale  des  Poudres,  Paris(Ref  16).  The  re- 
sults showed  that  mixts  of  military  grade 
TNT  and  pure  AN  decomposed  with  the  evolu- 
tion of  ammonia.  This  attacked  the  TNT  to 
form  various  unstable  colored  compds,  some 
of  them  containing  as  much  as  21.5%N,  com- 
pared to  18,45%N  for  TNT.  One  such  compd 
of  brownish-red  color  was  claimed  to  be: 

CHjCgHj  (N02  )3  N— ONH4  , 

XNH2 

which  is  similar  to  that  previously  obtained 
by  Korczinski(Ref  1)  as  a result  of  the  reac- 
tion of  ammonia  with  TNT 

Also,  due  to  the  hygroscopic  nature  of  AN, 
amatols  are  very  unstable  in  storage(Ref  1). 
unless  it  is  possible  to  exclude  moisture.  At 
90%  RH  and  30°,  80/20  amatol  would  contain 
ca  61%  moisture  in  2 days.  This  not  only 
lowers  the  sensitivity  and  vel  of  deton  to  a 
low  order  but  results  in  failure  to  detonate. 

In  the  presence  of  Fe,  hydrolysis  of  moist 
AN  may  take  place  with  the  formation  of 
NH4OH,  which  reacts  with  TNT  to  form  an 
exudate  of  a brown  oily  material  igniting  at 
67°.  This  can  be  detected  by  discoloration 
of  the  explosive  and  the  odor  of  NHj.  In  this 
case  the  shell  cannot  be  safely  washed  out 
with  steam  and  it  is  necessary  to  use  cold 
water 

To  prevent  the  corrosion  caused  by  con- 
tact of  amatol  with  metal,  it  was  an  Ameri- 
can practice  to  coat  the  insides  of  shells 
with  acid-proof  black  paint  prior  to  loading, 
and  to  prevent  moisture  entering  amatol  in 
loaded  shells  a seal  w-as  formed  by  pouring 
some  molten  TNT  on  top  of  amatol.  This  TNT 
served  as  a booster  surround 

l)ourjol(Ref  17)  investigated  samples  of 
amatol  stored  for  25  years  in  Zn  boxes  and 
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found  that  considerable  deterioration  of  TNT 
took  place.  Lab  experiments  have  shown  that 
if  AI  is  used  in  lieu  of  Zn,  the  TNT  remains 
unaffected 

Exudation  of  TNT  from  Amatol  Shells . The 
study  of  exudation  began  in  the  USA  shortly 
after  WWI  because  it  was  observed  that  some 
amatol  and  TNT  loaded  shells  were  exuding 
a brown  oil(Refs  2 & 3)-  Samples  of  the  exuda- 
date  were  collected  at  PicArsnand  the  mechan- 
ism and  significance  of  exudate  formation  was 
the  subject  of  an  exhaustive  study.  Exudation 
of  oil  from  TNT  and  amatol  filled  shell  was 
found  to  be  purely  a physical  phenomenon  re- 
sulti  ng  from  the  effect  of  elevated  tempera- 
ture upon  TNT  containing  impurities.  The 
danger  of  such  a condition  lies  not  i n the  ex- 
plosive properties  of  the  exudate  but  in  the 
decreased  density  of  the  charge  (due  to  for- 
mation of  cavities),  making  possible  a pre- 
mature explosion  upon  set-back  when  the 
shell  is  fired.  (Cavitation  is  more  pronounced 
in  straight  TNT  than  in  amatols.)  The  TNT 
oil  when  present  in  the  booster  charge  also 
desensitizes  the  booster  so  that  duds  may 
result.  The  presence  of  gas  within  TNT  or 
amatol  shell  is  due  to  a chemical  reaction 
between  TNT  and  alcohol.  This  reaction  is 
not  progressive  and  will  continue  only  so 
long  as  there  is  alcohol  present.  Exudation 
is  not  as  serious  a problem  from  the  stand- 
point of  safety  as  is  commonly  supposed. 

Yet,  it  is  not  desirable  to  issue  for  use  shells 
showing  exudation  since  there  is  a danger 
of  explosion  on  uoscrewing  boosters  with 
explosive  collected  in  the  screw  threads 
(Ref  2) 

Destruction  of  Amatols.  Scrap  amatols  or 
amatol- loaded  small  bombs  or  projectiles, 
may  be  destroyed  by  burning  in  beds  not 
more  than  3"  thick,  as  described  in  Ref  19a, 
p 316  or  in  the  US  Ordnance  Safety  Manual 
ORDM  7-224,  C7,  pp  27-13  to  27-15*  Amatol 
loaded  in  ammo  may  be  destroyed  by  detona- 
tion as  described  in  ORDM  7—224,  C7,  pp 
27-16  to  27-19*  In  case  of  large  shells  and 
bombs  it  is  preferrable  and  less  dangerous 


to  remove  the  amatol  by  steaming,  disposing 
of  AN  soln  into  a stream  and  burning  off  the 
removed  TNT 

Uses  of  Amatols 

France.  Although  amatols  are  described  in 
several  Fr  papers  (Refs  16,  16a  & 17),  there 
is  no  info  on  their  uses  in  France  (see  also 
Refs  under  Amatol,  Analysis) 

Germany . The  following  modified  amatols 
with  low  TNT  content  were  used  during  WWI 
for  cast-loading  some  ammo  (Ref  4,  p 173)- 

a)  AN  60-65,  Na  nitrate  10,  dicyandiamide  5 
& TNT  25-20%  b)  AN  65-67,  Na  nitrate  12- 
10,  Na  acetate  3 & TNT  20%.  According  to 
Ref  14a,  the  following  compn  was  used  during 
WW II:  AN  40-45,  TNT  50  & RDX  10-5%. 

Several  modified  amatols,  No  39,40  & 41 

are  listed  on  p 4 of  Ref  19a-  On  pp  47-8  of 
the  same  Ref  are  listed:  a)  40/60  amatol 
(called  in  Ger  Fulipulver  No  13  or  Fp  60/40)- 
used  in  GP,  SAP  & A/P  bombs  and  shells 

b)  50/50  amatol  (called  in  Ger  Fiillpulver 
No  13a  or  Fp  50/50)-  used  in  GP  bombs 
and  land  mines,  such  as  the  Tellermine  c) 
70/30  amatol  (called  in  Ger  Fp  30/70)-  used 
in  some  A/P  bombs  d)  60/40  amatol  (called 
in  Ger  Fulipulver  No  88  or  Fp  4/60)-  used 
in  some  shells,  grenades  and  radio-guided 
bombs  e)  95/5  amatol  (Fp  5/95,  in  Ger)-  use 
is  not  known  (See  also  Ref  12,  p 82) 

Great  Britain.  The  80/20  and  60/40  amatols, 
invented  in  1915  at  the  Research  Dept, 
Woolwich, soon  became  the  main  fillings  for 
HE  shells  in  the  Brit  Land  Service  (Ref  4, 
p 152  & 171).  According  to  Ref  12,  the  use 
of  amatols  during  WW  II  was  as  follows:  a) 
60/40  amatol  - in  GP,  Medium  Capacity,  High 
Capacity  & A/P  bombs;  also  in  depth  charges, 
rockets,  grenades,  land  & sea  mines  b) 

80/20,  70/30  , 60/40  or  50/50  in  shells  of 
all  types 

Italy.  The  80/20,  70/30  and  60/40  amatols 
were  used  for  filling  various  kinds  of  shells, 
bombs,  grenades  and  bombs  (The  60/40  was 
known  as  ’'esplosivo  60/40”)  (Ref  12,  13a  & 
16b).  According  to  Ref  16b,  the  90/1^  amatol 
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was  used  in  mining.  Its  props  were:  Trauzl 
test  value  365  cc,  deton  vel  2500  m/sec  and 
gap  test  value  (ditanza  colpo,  in  Ital)  2.0  cm 

Japan.  The  50/50  amatol  known  as  shotoyaku 
was  used  in  some  bombs  and  projectiles 
(Ref  11,  p 27).  According  to  Ref  12,  the  use 
of  amatol  was  limited  due  to  the  shortage  of 
TNT.  It  had  been  reported  in  Naval  mines 

Russia.  According  to  Blinov  (Ref  15a),  two 
types  of  amatol  were  used  during  WWII:  a) 
80/20  amatol  - in  many  types  of  ammo,  such 
as  76. 2 & 107  mm  HE  shells,  82,  107  & 120 
mm  mortar  shells,  and  122  mm  HE  howitzer 
shells  b)  50/50  amatol  in  some  ammo  and 
to  a lesser  extent  than  80/20  amatol.  A 
similar  expl  call  Ammoksil(qv)  contained  TNX 
in  lieu  of  TNT 

United  States  of  America.  The  .LIS  Govt 
shortly  after  its  entrance  into  the  WWI  author- 
ized the  use  of  50/50  amatol  for  shells  from 
75  mm  up  to  and  including  4.7'\and  80/20 
amatol  for  shells  from  4.7"  up  to  and  including 
9.2"  (Ref  6,  p 124).  According  to  Ref  12,  the 
use  of  amatols  during  WWII  was  as  follows: 
a)  50/50  and  (80/20  amatols  in  LC  (light 
case)),  GP  and  SHP  bombs  b)  50/50,  60/40 
and  80/20  amatols  were  used  in  various 
shells.  During  the  early  part  of  WWII,  some 
65/35  amatol  was  used  in  some  shells  and 
bombs  (Ref  19a,  p 182) 

Note : The  rapid  production  during  WW  II  of 
a huge  supply  of  TNT  (obtained  by  nitration 
of  plentiful  petroleum  toluene),  removed  the 
necessity  of  using  AN  as  a substitute  for 
TNT.  Another  factor  contributing  to  the  dis* 
use  of  amatols  as  military  expls  was  the 
appearance  during  WWII  of  materials  more 
powerful  than  TNT,  such  as  PETN  and  RDX, 
as  well  as  their  binary  mixts  pentolites, 
cyclotols,  etc 

The  use  of  cast  amatols,  such  as:  AN  35, 
TNT  34,  Na  nitrate  30,  chalk  0.9  & stearic 
acid  0.1%  was  recently  patented  for  military 
and  civlian  applications  (Ref  17b) 

References  on  Amatols:  1)  A.Korczinski, 

BullAcadSciKrakow  1908,  633-448  & JCS  94, 


977-8(1908)  2)F. Hawks,  "Exudation  from 

TNT  and  Amatol",  ArOrdn  5,611-2(1924) 

3)  PA  ResRept  Nos  R- 15(7  Feb  1928),  R-25 
(31  May  1928),  R-32(8  Aug  1928)  and  R-4l(4 
Dec  1928)  4)Marshall  3(1932),  152,171  & 

173  5)J.Hackel,  Wiadomsci  Techniczne- 
Uzbrojenia  No  38,  519(1937)  & MAF  18,769- 
72(1939)  6)Anon,  WarDeptTM  9-2900(1940), 
124-7  7)A. Smith,  BritP  538,920(1941)  & CA 

36,  3670  (1942)  8)W.O.Snelling,  DSP  2,275, 
569(1942)  & CA  36,  4340(1942)  9)F.H. Vogel, 
PATR  1225  (1934)(Recovery  of  TNT  from 
amatol  scrap)  10)Anon,  WarDept  TM  9-1904 
(1944),  113-14  & 147-51  11) Anon,  NavyDept, 

OPNAV  30-3M(1945)  12)  All&EnExpls(1946), 

80  & 82  13)H.Graham  et  al,  CanChem  & 
Process  Ind  30,  37-41(1946)  & CA  42,  4753 
(1948XBomb  filling  with  80/20  amatol)  13a) 
Mangini(1947),  225  14)B.N.Mitra  & R.Ram, 
JSciIndRes(India),7B,  163-6  (1948)  & CA  43 
6417(1949)  14a)T.Urbanski,  Przemysl- 
Chemiczny,  27(IV),  487(1948)  15)J.L.Copp 
& A.R.Ubbelohde,  TrFaradSoc  44,  646-69 
(Sept  1948)  15a)Blinov,  vl  (1948),  p 19  15b) 
W.M.Evans,  ProcRoySoc  204  A,  14(1950)  16) 

F.M.Lang  & J.Boileau,  MP  34,  181-7(1952) 
l6a)L.Medard  & A.LeRoux,  MP  34,  195-203 
(1952)  16b)B elgrano (195 2),  289  17)G. 

Bourjol,  MP  36,  41-5(1954)  & CA  50,  2173 
(1956)  l7a)Anon,  USDepe  of  the  Army  TM 
9-1910  & Dept  of  the  Air  Force  TO  11A-1-34, 
"Military  Explosives”  (1955),  182-4  17b) 

C.H. Winning,  USP  2,736,724(1956)  & CA  50, 
6796(1956)  18)Sax  (1957),  266  (Fire  & expln 
hazards  and  toxicity  of  80/20  amatol)  19) 
PATR  1740(1958),  1-11  19a)PATR  2510 
(1958),  p 4 (Amatols)  & pp  47-8(Fiillpulver 
No  13,  No  13a  and  Fiillpulver  30/70  & No 
88)  20)Cook(1958),  18,  54  & 307 

Additional  Refs  on  Amatol: 

a)Van  Gelder  & Schlatter  (1927),.  954-6 
(Amatol  ,also  called  Military  Nitrate  of 
Ammonia  ,was  manufd  in  the  US  during  the 
latter  part  of  WWI.  Judging  by  the  amts  of 
its  ingredients  producd  at  the  same  period: 

AN  95,500,000  lbs  and  TNT  101,800,000  1 
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lbs,  the  amt  of  amatols  produced  was  prob- 
ably ca  150,000,000  lbs,  because  most  of 
the  TNT  produced  went  for  the  manuf  of 
amatols)  b)A.Stettbacher,  Explosivst  1954, 
Nr  3/4,  p 40  (Properties  for  50/50  amatol: 
d 1.5-1.55,  gas  vol  at  NTP  930  1/kg,  Qe  840 
kcal/kg  with  H20  vapor,  temp  of  deton  2640°, 
maxvel  of  deton  5000  m/ sec  and  impact 
sensitivity  90  cm  with  2 kg  wt)  c)M.A.Cook 
et  al,  JPhysChem  59,  675-80(1 955) (Deton 
vel  and  wave  shape  were  measured  as  a 
function  of  charge  diam  for  50/50  amatol  and 
a loosely  packed  mixt  of  50/50  AN/TNT  as 
compared  with  pure  AN  and  Comp  B contg  AN. 
Vels  of  deton  of  amatol  and  loose  mixt  AN/ 
TNT  were  practically  the  same  for  identical 
diams  of  chge,  ranging  from  ca  4 700  m/sec 
for  diam  3.81  cm,  5000-6000  m/ sec  for  diam 
5.04  cm  and  6000-6500  m/sec  for  diams 
7.62-17.78  cm) 

Amatol,  Analytical  Procedures 

Identification  of  Amatol . a)  Place  about 
0.05  g of  previously  pulverized  unknown  ma- 
terial in  a 5-cc  beaker,  add  2 to  3 cc  of  dis- 
tilled water,  stir  for  5 mins  and  observe  the 
color  of  aliquot.  It  is  colorless  in  case  of 
amatols  b)  Test  the  aliquot  with  a strip  of 
Universal  pH  indicator  paper.there  shall  be 
no  change  in  color  c)  Add  a drop  of  Ness- 
Ier’s  reagent  — brown  ppt  in  case  of  amatol. 

If  the  test  is  negative,  the  substance  is  not 
amatol 

If  the  above  test  is  positive  confirm  the 
identity  of  amatol  by  one  or  several  of  the 
following  tests:  A)  Place  about  0.05  g of 
unknown  material  in  an  indenture  of  a white 
porcelain  spot-test  plate  and  add  2-3  drops 
of  65  to  68%  aq  soln  of  ethyienediamine  and 
stir  — the  color  of  soln  shall  be  maroon  B) 
Repeat  the  test  using  a new  0.05  g sample 
and  3-4  drops  of  DPhA  soln  (lg  in  100  cc  of 
coned  CP  sulfuric  acid),  stir  and  wait  I min; 
the  color  of  soln  shall  be  dirty  green  C) 
Repeat  the  test  using  a new  sample,  an  equal 
amt  of  thymol  and  3 drops  of  coned  sulfuric 


acid;  stir  the  mixt  and  wait  for  5 min  — green 
coloration  indicates  the  presence  of  amatol 
(Ref  5) 

Note:  The  same  colorations  are  obtained  in 
with  ammonals 

Analysis  of  Amatol 

Moisture,  a)  Weigh  to  Vi0  mg  a dry  50  ml 
Pyrex  crystallizer  covered  with  a ribbed 
watch  glass,  introduce  a previously  pulverized 
sample  of  ca  5 g and  obtain  exact  total  wt 
of  the  crystallizer,  cover  and  sample  b) 

Heat  for  2-3  hrs  at  a temp  not  above  75°, 
cool  in  a desiccator  and  reweigh.  The  diff 
in  wt  divided  by  wt  of  sample. and  multiplied 
by  100  gives  % moisture 
Note:  The  ribbed  cover  is  used  to  catch  the 
small  amt  of  TNT  which  sublimes  on  heating 

TNT  by  Benzene  Solution . a)  Weigh  to  l/l0 
mg  a dry  sintered  glass  crucible,  place  ca  2g 
of  thoroughly  pulverized  sample  and  reweigh 
to  l/0  mg  b)  Insert  the  crucible  into  the 
stopper  of  a heavy  walled  filtering  flask 
placed  on  a steam  bath,  fill  the  crucible  to 
% with  hot  benz,  cover  with  a watch  glass, 
allow  to  stand  for  Vi  min  and  apply  gentle 
suction  c)  Repeat  the  operation  several 
times,  using  a total  of  75-100  ml  benz,  in 
order  to  estract  all  the  TNT  d)  Dry  the 
crucible  to  const  wt,  cool  and  weigh.  Loss 
in  wt  = TNT  + moisture  e)  Crystallize  the 
TNT  from  the  benz  soln  and  det  the  mp  of 
one  or  several  crysts,  using  Fisher-Johns 
or  other  apparatus 

Ammonium  Nitrate.  a)In  the  manner  described 
above,  extract  2 grams  of  the  original  sample, 
by  running  through  the  sintered  glass 
crucible  a total  of  150  ml  of  water  at  84° 
b)  Evaporate  the  combined  filtrates  to  a 
small  volume,  transfer  quantitatively  to  a 
tared  small  dish  and  continue  evapn  just  to 
dryness,  at  temps  not  higher  than  100°  c) 
Leave  overnight  in  a desiccator  and  rinse 
the  residue  2-3  times  with  anhydrous  ether 
in  order  to  remove  traces  of  TNT.  d)  Dry 
the  dish  with  AN  and  weigh  (Ref  1) 
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Miaud  & Dubois  (Ref  3)  and  previously 
Bourgoin  (Ref  2)  devised  a rapid  method  for 
detn  of  AN  in  amatols  by  comparing  index 
of  refraction  at  20°  of  its  aq  soln  with  a 
curve  (or  table)  giving  relation  between 
concn  of  AN  and  index  of  refraction) 

Miaud  (Ref  4)  devised  a rapid  method  for 
detn  of  TNT  in  amatols  by  comparing  density 
1 of  its  benzolic  soln  with  a table  giving  rela- 
tion between  densities  of  TNT  in  Ct  H6  and 
% TNT  in  CSH, 

Refs:  I) Anon,  War  Dept  TM  9-2900(1940), 

126*7  2)L. Bourgoin,  Anales  de  l’Acfas 

(Canada)  9,90*1(1943)  & CA  40,1317(1946) 

3) P. Miaud  & P. Dubois,  MP  32,  225*9(1950) 

4) P. Miaud,  MP  32,  227*38(1950)  5) 

Anon,  Dept  of  the  Army  TM  9*1910  & Dept 
of  the  Air  Force  TO  11  A- 1*34(1955),  269*7 
Note:  According  to  N.Liszt  of  PicArsn,  the 
following  method  is  recommended  for  analysis 
of  mixts  of  TNT  with  nitrates:  a)Quanti- 

tatively  transfer  an  accurately  weighed 
sample  (ca  lg)  to  a dry,  fared,  sintered  glass 
extraction  thimble  and  extract  with  anhyd 
methylene  chloride  CHjClj,  using  a Soxhlet 

or  equivalent  apparatus  into  a tared  flask 
placed  on  a water  bath  b) Adjust  the  temp 
of  the  bath  so  that  the  solvent  drips  from  the 
end  of  the  condenser  at  the  rate  of  2*  3 
drops  per  second  c)When  extraction  is  comp- 
lete, evaporate  the  liquid  in  the  flask  to 


Amutoxol.  A HE  contg  AN  80  and  Toxol 
(TNT  70  & TNX  30)  20%.  Its  power  by  the 
Trauzl  test  118  (PA  10Q),  rate  of  deton 
5100  m/sec  and  sensitiveness  to  impact 
110+(PA  100) 

Ref:  Dr  L.R. Littleton,  Washington, DC; 
private  communication 


dryness  under  stream  of  dry  air  and  then  in  a 
vacuum  desiccator  to  const  wt  d)Subtract 
the  wt  of  flask  from  tot  wt,  thus  obtaining 
the  wt  of  TNT  e)Subtracc  the  wt  of  TNT 
from  wt  of  sample  (ca  lg),thus  obtaining  the 
wt  of  AN  (or  its  mixt  with  materials  insol 
in  methylene  chloride)  f)Dry  the  thimble 
for  TNT  extraction  and  transfer  its  contents 
quantitatively  into  300  ml  Erlenmeyer  flask 
using  water  g)  Determine  AN  content  as 
described  in  Spec  JAN-A-175,  Par  F-4j  or 
identify  AN  by  one  of  the  color  reactions 
such  as  with  DPhA(dirty  green),  thymol 
(green)  or  other  reactions  described  in  the 
books  on  analytical  chemistry  h)If  it  is 
suspected  that  AN  is  mixed  with  Na  nitrate, 
use  the  procedure  described  by  N.Liszt  in 
PicArsnGenLabRept  54-Hl-1718(1954)  and 
included  in  Spec  MIL-C-13879(ORD)  (1954) 


N onaqueous  Titrime trie  Method  of  Analy sis 
of  Compositions  contg  AN,  Na  nitrate  and 
TNT  was  developed  by  H.L. Herman  and 
described  in  PATR  2384(1956).  This  method 
was  critically  evaluated  by  N.S.Garman, 
PicArsn  GLR  57-H1-109O957)  and  found  to 
be  more  rapid  than  the  one  described  in  Spec 
MIL-C-13879  but  slightly  less  accurate.  It 
was  recommended  to  include  this  method  as 
an  alternate  in  Spec  MIL-C-13879 


Amber  (Succinum),  Cl0H,sO(?),d  1.07  to  1.09, 
hardness  2 to  2.5.  A fossilized,  bituminous 
resin  which  is  derived  from  an  extinct  variety 
of  pine.  It  is  pale  yel  to  brn  or  red-brn  and 
varies  from  transparent  to  opaque.  It  is  used 
as  a semi-precious  stone  or  in  experiments 
on  static  electricity  (See  also  Note  under 
Amberites) 

Refs:  l)Hackh(1943),41  2)CondChemDict 
(19  56),  5 5 
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Amberites.  Fast  burning  smokeless  propel- 
lants manufd  by  Curtis  and  Harvey  Ltd  in 
Gt  Britain  beginning  in  1891.  The  original 
propellant,  described  by  Cundill(Ref  1),  con- 
sisted of  insol  NC  40-47,  NG  40-30  and 
paraffin  20-23%,  together  with  a small  quan- 
tity of  shellac  soln 

Daniel  (Ref  2)  gives  the  following  compo- 
sitions for  Amberite  No  1:  NC(insol)  40-47, 
NC(sol)  20-23  and  NG  40-30%.  For  its  prepn 
the  mixture  of  13%  and  12%N  nitrocelluloses 
together  with  NG  was  granulated  and  treated 
on  the  surface  with  a volatile  solvent  so  that 
only  the  sol  NC  was  gelatinized.  On  drying 
the  grains,  the  two  types  of  NC  were  cemented 
and  the  surface  of  the  grains  hardened.  Small 
quantities  of  paraffin,  shellac  or  linseed  oil 
could  be  incorporated  as  moderants 

The  following  compositions  contained  no 
NG:  a )Amberite  No  2A:NC(insol)  13-0,  NC 

(sol)  59-5,  Ba  and  K nitrates  19.5,  paraffin 
6.1  and  vol  matter(mostly  H20)  1;9%  (Ref  2) 
and  b)Amberite  No  26:NC(insol)  53.2,  NC 
(sol)  24.1,  Ba  and  K nitrates  10.8,  paraffin 
9.6  and  vol  matter  (mostly  H20)  2.3%(Ref  2) 

Beginning  in  1894,  WM(woodmeal)  was  in- 
cluded in  the  formulation  and  the  resulting 
compn  was  called  " Blasting  Amberite” . In 
1899,  the  incorporation  of  charcoal  and 
calcined  WM  was  started  (Ref  2) 

In  Refs  3,4  & 5,  the  formulation  of  an 
Amberite  used  as  a shot-gun  propellant  is 
given  as  follows:  NC  71.0,  Ba  nitrate  18.6, 

K nitrate  1.2,  WM  1.4,  vas  5.8%  and  vol  matter 
2.0%.  In  Ref  6,  the  following  properties  of 
a British  Amberite  are  given:  745  cal/g 

and  total  vol  of  gases  evolved  per  gram  at 
NTP  791  ml  of  which  156  ml  is  water  vapor 
Refs:  l)Cundill,  MP  5,281(1892)  2)Daniel 
(1902),  17-18  3)W.MacNab  & A. E. Leighton, 
JSC!  23,  293(1904)  4)Marshall  1(1917), 327 
5)Barnett(1919),86  6)Thorpe  4(1946),530 
7)P  ATR  2510(1958),  p Ger  4 
Note:  The  name  Amberite  is  also  used  for 
the  compressed  amber(qv)  scrap  used  for 
electrical  insulation 

Ref:Hackh(1944),42 

Amberiac:  Trade  name  for  a rosin  modified 


oxidizing  type  phthalic  alkyd  resin  or  modi- 
fied polyester  type  resin  manufd  by  Rohm  & 
Haas,  Phila  Pa. 

It  was  used  by  Aerojet  Engrg  Corp,  Azusa, 
Calif  in  some  experimental  smokeless  pro- 
pellants. Eg:  a )RL-210  propellant-  Amberiac 
75  & Paraplex  AP-31  25%  and  b)RL-223 
propellant-  Amberiac  85  & Duraplex  15% 

Refs:  l)Aerojet  Engineering  Corp  Rept  No 
192(1946),  16-17  2)CondChemDict(1956),55 

Amberlite.  Trade  name  for  resorcinol  type 
resins  used  for  wood  adhesives  and  manufd 
by  the  Rohm  & Haas  Co,  Phila  5,Pa.  Also 
a trade-mark  name  for  insoluble  cross ed- 
linked  poly  electrolytes  (ion- exchange  resins). 
Used  for  water  conditioning  and  other  pur- 
poses 

Ref : Cond  Chem  Diet  (1956),  56 

Note:  It  may  be  used  as  a binding  agent  in 

propellent  or  expl  composns 

Amberol . Trade  name  for  oil-soluble  phenol 

formaldehyde  — maleic  glyceride  resins. 

Used  in  paints,  varnishes,  lacquers,  etc 
Ref:  Cond  Chem  Dict(1956)>  56 
Note:  It  may  be  used  as  a binding  agent  in 
propellent  or  expl  composns 

Ame(Fr).  Bore(of  a firearm) 

A me  de  canon(Fr).  Cannon  bore 

American  Ammonium  Nitrate  Dynamites.  See 

under  Ammonium  Nitrate  Dynamites 

American  Ammonium  Nitrate  Explosives.  See 

under  Ammonium  Nitrate  Explosives 
American  Ammonium  Nitrate  Gelatins.  See 
under  Ammonium  Nitrate  Gelatins 
American  Chemical  Society  (ACS).  Organized 
in  1876  and  located  at  1155  16th  St ,NW. Wash- 
ington,DC.  Publishers  of  the  JACS,  C&EN, 
IEC,  CA,  Anal  Chem,  JPhChem,  JAg  & 
FChem,  and  JOC 

Refs:  l)Hackh(1944),  42  2)Library  of  Con- 
gress, Scientific  and  Technical  Societies  of 
the  United  States  and  Canada,  NAS  and  NRC, 
Washington  25,DC(1955.),  40-43  3)R.S.Bates, 
Scientific  Societies  in  the  United  States, 
Columbia  Univ  Press, NY(1958),  100,  143,  177, 
178,  179,  181,  195  & 202 


A 167 


American  Dynamite  of  1894  contained  NG 
and  a mixture  of  sieved  coke  and  Ca  acetate 
as  the  absorbent 

Refs:  l)Cailahan  & Higgins,  USP  525,188 
(1894)  2)Daniel(1902),  18 
American  Dynamites,  Gelatinized.  According 
to  Davis(Ref  2),  blasting  gelatin  (qv)  is  not 
used  very  widely  in  the  US;  the  somewhat 
less  powerful  gelatin  dynamite  or  simply 
Gelatin  finds  much  greater  use.  Gelatin  is 
essentially  a straight  dynamite  in  which  a 
gel,  consisting  of  NG  (or  NG+NGc)  with  2 to 
5.4%  NCisused  instead  of  liq  NG  or  a liq 
mixt  of  NG+NGc.  The  resulting  composn  is 
elastic  similar  to  blasting  gelatin 

The  composn  of  typical  American  30  to  70% 
strength  gelatins  used  in  1915  were  given  by 
Munroe  & Hall(Ref  1)  and  also  by  Davis(Ref 
2).  They  contained  23  to  60%  NG  (or  NG+ 

NGc),  0.7  to  2.4%  NC,  62.3  to  29-6%  Na  nitrate, 
13  to  7%  combustible  material  (wood  pulp  in 
those  with  50  and  60%  NG,  wood  pulp  and  in 
some  cases  rosin  and  sulfur  in  other  grades) 

& Ca  carbonate  1% 

Bebie(Ref  3)  gives  two  examples;  a)NG 
62.5,  NC  2.5,  Na  nitrate  27.0  and  wood  pulp 
8.0%  and  b)  NG  36,  NC  2,  vegetable  meal 
2,  nitrates  and/or  perchlorates  52  & nitro- 
compounds(of  toluene,  naphthalene  or  di- 
phenylamine)  8%.  Bebie  also  cites  Gel-Coalites 
as  a brand  of  gelatinous  permissible  expls 
manufd  by  the  Atlas  Powder  Co  of  Wilmington, 
Del,  but  does  not  give  their  composns 
Refs:  1)C.E. Munroe  & C.Hall,  USBurMines 
Bull  80(1915)  2)Davis(1943), 344-5  3)Bebie 
(1943),  73*4 

American  Dynamites,  Low  Freezing,  Non 
Gelatinized,  are  a series  of  "straight” 
dynamites  which  do  not  freeze  at  temps  pre- 
vailing in  the  USA  in  winter.  They  consist  of 
20  to  60%  of  mixed  nitric  esters  (NG  with 
NGc)  absorbed  on  wood  pulp(or  other  carbon- 
aceous materials)  and  mixed  with  sufficient 
Na  or  K nitrate  to  maintain  any  desired  oxygen 
bal  ance 

Note:  Instead  of  NGc,  nitro sugars  may  be  used 
as  antifreezing  components.  In  European 


practice  dinitrochlorohydrin,  tetranitrodi- 
glycerin  and  liquid  aromatic  nitrocompounds 
have  been  used 

Refs : l)Davi s(1943),333*4  2)Bebie(1943),  94 

American  Dynamites,  Low-Freezing,  with 
Ammonium  Nitrate.  See  under  Ammonium 
Nitrate  Dynamites 

American  Dynamites,  Ordinary.  A series  of 
non-gelatinized,  so-called  "straight”  dynamites 
or  dynamites  with  active  base,  reported  to 
contain:  NG  15-60,  combustible  materials 
(wood  pulp, sawdust, ivory  nut  meal,  raw  corn 
flakes,  sulfur,  etc  for  grades  below  40%  NG 
or  wood  pulp  alone  for  other  grades)  20-14, 

Na  nitrate  64-23  & Ca  or  Mg  carbonate  (ant- 
acid) 1%.  Deton  velocs  are  between  4500 
and  6250  m/sec  depending  on  the  NG  content 
The  "standard”  40%  straight  dynamite 
used  at  the  USBurMines  in  comparative  tests 
contains:  NG  40,  Na  nitrate  44,  wood  pulp 
15  & Ca  carbonate  1%  (Ref  2 and  Ref  3,  p 
333) 

Refs:  1)C.E.  Munroe  & C.Hall,  USBurMines 
Bull  80(1915)  2 )C. A, Taylor  & Wm.H. 

Rinkenbach  Ibid  219(1923)  3)Davis(1943), 

333  & 338-9  4)Bebie(1943),140 
American  Dynamites,  Ordinary,  with  Ammo- 
nium Nitrate.  A series  of  non-gelatinized  or 
"straight”  dynamites  reported  to  contain: 

NG  15*35,  AN  15-30,  Na  nitrate  51-24,  com- 
bust material(mixt  of  WP,  flour  and  sulfur) 

18-10  & Ca  carbonate  or  Zn  oxide  1% 

Refs:  1)C.E. Munroe  & C.Hall,  USBurMines 

Bull  80(1915)  2)  Davis(1943),  341 

American  Electroplastics  Corporation  Ex- 
plosive, according  to  the  analysis  made  at 
PicArsn,  contained:  AN  70.97,  NS  21.56,  A1 
metal  4.50,  oil  2.94  and  Pb  tetraethyl  0.03%. 

Its  brisance,  as  detnd  by  the  Sand  Test  24.3  g 
(vs  34.3  g for  the  Trojan  Demolition  Expl 
and  28.5  g for  80/20  amatol);  impact  test 
with  2 kg  wt  14  cm(vs  25  cm  for  tetryl  and 
17  cm  for  PETN);  75°  International  Test, 

100°  Heat  Test  and  120°  Vacuum  Stability 
Test— si  more  satisfactory  than  for  the  Trojan 

Demolition  Expl.  It  is  more  difficult  to  initiate 
than  the  Trojan  Explosive 
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The  Electroplastics  Corp  expl  was  con- 
sidered unsatisfactory  for  military  use  be- 
cause of  its  fairly  high  sensitivity  and  low 
brisance  value 
Ref:  PATR  1117(1941) 

American  Explosive.  A non-gelatinized  per- 
missible explosive  manufd  by  the  American 
Cyanamide  and  Chemical  Corp,  New  York,  NY 
Ref:  Bebie(1943),  20(The  compn  is  not  given) 
American  Forcite  Powder  Co  was  organized 
in  New  Jersey  in  1883  by  H.A.deCastro. -In 
1913  it  became  the  property  of  Atlas  Powder 
Co,  Wilmington,  Del 

Ref:  VanGelder  & Schlatter(1927),  453  & 465 
Americanite.  A very  powerful  liquid  expl  in- 
vented in  1890  by  Smolianinoff  and  tried 
successfully  in  the  US  for  loading  shells  up 
to  203  mm.  There  were  no  prematures  at  a 
muzzle  velocity  of  65.4  m/sec.  The  expl 
consisted  of  NG  80  to  97  and  a liq  alcohol 
20  to  3% 

Ref:  Daniel(1902),  19 

American  Permissible  Explosives.  See  under 
Permissible  and  Permitted  Explosives 
American  Powder,  also  called  White  German 
Powder.  See  Augendre  Powder 

American  Smokeless  Propellants,  listed  in 
Marshall,  v 1(1917),  327,  contained  a)GC  80 
sol  NC  19. 5 & urea  0. 5 and  b)GC80,  soINCIO, 
NG  9 & urea  1%.  Urea  was  later  replaced  by  di- 
phenyl amine  as  a stabilizer 
American  Stability  Tests  at  65.5°  and  80°. 

See  under  Stability  Tests 

American  Table  of  Distances  for  Storage  of 
Explosives,  as  revised  and  approved  by  the 
Institute  of  Makers  of  Explosives,. September 
30,  1955,  is  given  by  Sax(1957),  154-7  and 
Cook(1958),  354-6 

Amionte(Fr);  Amianto(Ital  & Span).  Asbestos 
Amidation  is  the  process  of  forming  an  amide 
Amide(Explosif),  designated  also  as  Vexplosif 
amylace,  was  patented  in  1886  in  France.  It 
contained  *'sulfurless  black  powder"  (AN+ 
KNOj+charcoal)  32-60  & NG  68-40% 

Ref:  Daniel(1902),  20 

Note:  The  above  M sulfurless  black  powder” 


was  similar  in  compn  to  Amide  Powder  de- 
scribed below 

Amide  Powder  (Amidpulver,  in  Ger).  One  of 
the  earliest  types  of  Ger  smokeless  artillery 
propellants.  The  original  compn  patented  in 
1885  by  Gains  contained  AN  35-38,  K nitrate 
40-46  & charcoal  14-22%.  Its  formulation  was 
modified  several  times  until  a powder  which 
was  flashless  and  nearly  smokeless  was  ob- 
tained. The  improved  compn:  AN  37,  K nitrate 
14  & charcoal  49%  was  used  during  WWI  as 
a cannon  propellant.  Amide  powder  left  only 
a small  residue  on  combustion.  This  was  at- 
tributed to  the  formation  and  ignition  of 
potassamide  which  is  formed  on  burning  the 
powder 

Refs:  l)Thorpe  1(1937), 304  2)Davis(1943), 

49  3)Bebie(1943),  20-21  4)PATR  2510 
(1958),  p Ger  4 

Note:  According  to  Daniel(1902),  20,  Amid- 
pulver was  exported  from  Germany  to  England 
under  the  name  of  C hillworth  Special  Powder 

amides,  imides  and  derivatives 

(Inorganic) 

Amides  and  Imides,  Inorganic.  An  inorganic 
amide,  also  called  ammonobase,  is  a compd 
in  which  one  hydrogen  in  ammonia  is  re- 
placed by  a metal,  as  for  instance  sodamide, 
NaNH2.  An  inorganic  imide  is  a compd  in 
which  two  hydrogens  are  replaced  by  metals, 
eg,  lead  imide,  PbNH 

Metallic  amides  and  imides  can  be  pptd 
from  liq  ammonia  solns  of  certain  metallic 
salts  by  the  action  of  potassium  amide,  KNH, 
Some  amides  and  imides  are  explosive,  eg, 
silver  amide  and  lead  imide  (Compare 
with  Nitrides)  (See  also  Polyamides) 

Refs:  l)Mellor  8(1928),  252-68  2)Franklin 
(1935),  33  3)Hackh(1944),  42  4)Kirk  & 

Othmer  1(1947),  667-71 

Alkali  Amides,  such  as  potassamide  and 
sodamide  are  described  individually.  A 
general  description  of  the  prepn  and  props  of 
various  alkali  amides  is  given  by  F.W. 
Bergstrom  & W.F.Fernelius,  ChemRevs  12,  43- 
179(1930).  Alkali  amides  can  be  used  for  the 
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prepn  or  otner  metallic  anuacs,  some  oi  iiieiii 
expl(see  Auric  Imidoamide,  Cadmium  Amide 
Silver  Amide  etc) 

Auric  Imidoamide  or  Gold  Amide-lmide 

Au(:NH)NHj  or  HN:AulNH2.  Powder,  ex- 
tremely expl  and  sensitive.  Was  first  obtained 
in  the  Middle  Ages  by  alchemists  and  named 
aurum  fuiminctns  (' fulminating  gold).  It  was 
prepd  by  treating  gold  oxide  with  an  ammo- 
soln  of  2.  s~it  of  ®o!q;  F uln^in^t^n^ 
gold  does  not  expl  when  wet  and  must  be 
stored  under  w to  avoid  accidents.  A number 
of  explosions  with  the  dry  salt  have  been 
reported  in  the  literature.  When  fulminating 
goid  is  kept  at  100°  for  several  hrs,  it  be- 
comes so  sensitive  that  it  scarcely  can  be 
touched  without  exploding  (Ref  1) 

Franklin  (Ref  2)  prepd  it  by  treating 
potassium-auri-bromate  with  potassamide 
in  liq  NH,  soln 

Mellor  (Ref  1)  stated  that  if  aq  ammonia  is 

. j i . .1  - _ i _ _ t _ _ ! ^ J*.  A t 

rdULLCCL  LU  A 5U1II  Ul  AUIlt  tiiiunuv,  a iiuav  vr 

fulminating  gold  and  a yel  solid  identified  as 
auric  imidocbloride , HN:AuCl  is  formed  and 
the  chloride  cannot  be  removed  even  by  pro- 
longed digestion  with  aq  ammonia.  The  mixt 
is  expl 

Refs:  1)  Mel  lor  3(1923)  ,5  82-3  2)Franklin 


Cadmium  Amide,  Cd(NH2)2,  wh  powder  expl 
when  rapidly  heated.  Can  be  prepd  by  treating 
Cd  iodide  or  KCd  cyanide  with  a soln  of 
potassamide  in  liq  NH, 

When  heated  to  180v  in  vacuo,  Cd  amide 
loses  NH,  leaving  Cd  nitride,  Cd,N2,  a black 


i i. 

amuipiiuu  j 


rpl  violently 


when  brought  in  contact  with  w 
Ref:  Mellor  8(1928),  261 
Fulminating  Gold.  See  Auric  Imidoamide 
Fulminating  Silver.  See  Silver  Amide 
Gold  Amide-lmide.  See  Auric  Imidoamide 

I aa J DkMId  Dm onp-rprl  nnf 

* — rrT  

expl  violently  when  heated  or  or  coming  in 
contact  with  w,  dil  acids  or  liq  NH,.  It  is 
obtained  when  Pbl2  (or  some  other  Pb  salt) 
is  brought  together  with  K amide  in  liq  NH, 


_ mxni 


Tk.11  I 1 

so  in;  r'oij  t zrLi^n2  ” r ui\n  ' inii3  < 


n i \T* 

2)Mellor 8(1928),  265 
& 325-6 


3)Franklin(1935),6l 


Potassium  Amide  or  Potassamide,  KNH2.  Col, 
delq  leaflets,  rap  239°.  Was  first  prepd  ca 
1810  by  Gay-Lussac  and  Thenard  by  heating 
metallic  K in  an  atmosphere  of  NH,.  When 
metallic  K is  brought  in  contact  with  iiq  NH, 
it  slowly  dissolves  to  form  an  intensely  blue 
soln,  ^vhich  oiypc  the  arn ici p on  for 

several  weeks  (or  even  months).  The  reaction 
can  be  greatly  accelerated  by  sunlight  or 
by  the  presence  of  some  substances  acting 
as  catalysts.  A relatively  minute  amt  of  Pt 
biack,  placed  in  a iiq  NH,  soin  of  metaiiic 
K,  causes  an  immediate  and  fairly  vigorous 
r?-ction  resulting  m th-  formation  of 
in  the  course  of  a few  minutes 

According  to  Mellor  (Ref  1,  p 255),KNH2 
reacts  vigorously  with  w and  the  reaction 
may  be  accompanied  by  inflammation 
Potassamide  can  serve  for  the  prepn  of 
other  metallic  amides  and  imides,  some  of 
them  expl.  eg  AgNH,  or  PbNH 
(See  also  Ref  under  Alkali  Amides) 

Refs:  l)Mellor  8(1928), 253-5  2)E.C.Franklin, 
JACS  27,830(1905)  3)C.  A.Kraus  & E.J.Cuy,  J ACS 
45,712(1923)  4)Franklin(1935),53-4 
Silver  Amide,  AgNH,,  buiky  wh  ppt  which 
darkens  on  exposure  to  air  and  shrinks  in  vol; 
very  expl  und  its  srositivrfi^??  to  deton  is 
not  materially  chaqged  by  lowering  the  temp 
to  -190°  (Ref  4).  Can  be  prepd  by  mixing  a 
soln  of  potassamide  with  Ag  nitrate  (or 
iodide)  in  liq  NH,?  followed  by  washing  by 
acCantdiion  and  Cdicilii  dfyiiig  (RciS  2,4  oL 


5).  Franklin  (Ref  2 & 5)  warned  that  AgNH2 
can  expl  on  the  slightest  provocation, 
shattering  test  tubes  containing  the  material 
and  tearing  holes  in  several  layers  of  strong 
towelling  wrapped  around  the  tube  for  the 
protection  of  the  operator 


the  compd  previously  known  as  fulminating 
silver  of  Bertbollet  (I’argent  fulminant  de 
Berthollet  in  Fr  and  Bertholett'  schen 
Knallsilber  in  Ger),  also  called  by  Mellor  {Ref 
i)  silver  imide  or  silver  nitride.  This  compd, 
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as  a dark  extremely  expl  solid ,was  first 
mentioned,  but  not  identified,  by  J.Kunckei, 
in  1767.  Berthollet  prepd  it  in  1788-9  by 
treating  pptd  Ag  oxide  with  eoncd  aq  ammo- 
nia and  described  some  props.  Several  other 
investigators  prepd  this  expl  and  various 
formulae  were  assigned  to  it,  such  as  Ag2N 
and  AgaN(see  Ref  1),  until  the  present 
formula  AgNH2  was  established 
Refs:  1)F.  Raschig,  Ann  233,  93(1886)  2) 

E.C. Franklin,  JACS  27,  833(1905)  3)Mellor 
3(1923),  381  4)Mellor  8(1928),  259  5) 
Franklin(1935),  57  & 319“ 25 

Sodium  Amide  or  Sodamide,  NaNH2.  Wh  crysts, 
mp  206.4°;  dissolves  in  liq  NH3  and  is  vig- 
orously hydrolyzed  by  HaO.  Was  first  prepd 
ca  1810  by  Gay-Lussac  and  Thenard  by  the 
action  of  NH3  gas  on  molten  metallic  Na 
heated  to  300°.  Can  also  be  prepd  by  dis- 
solving metallic  Na  in  liq  NH3  and  then  placing 
in  the  soln  a a spiral  of  Fe  wire,  which 
catalytically  accelerates  the  otherwise  very 
slow  reaction:  Na  +■  NHj  “ NaNH2  + H 
Mixts  of  sod  amide  with  nitrates  and  chlo- 
rates expl  when  triturated  (Ref  1,  p 255) 

When  finely  divided  sodamide  was  exposed 
to  air  in  the  presence  of  a little  w,  a yel-red 
solid  was  formed  identified  as  sodium  amido- 
peroxide , NaNH202.  It  is  stable  in  dry  air- but 
decomp  by  moisture  (Ref  1,  p 255) 

Fused  NaNHj  dissolves  metallic  Mg,  Zn, 

Mo,  W,  quartz,  glass,  many  natural  silicates 
and  many  other  substances 
Refs:  l)Mellor  8(1928), 253-5  2)F.W.Bergstrom 
& W.C.Fernelius,  ChemRevs  12,  67(1933)  & 
20,413(1937)  3)Franklin(1935),  54-5  4)Inorg- 
Synth  1(1939)  74-7  & 2(1946),  128-35 

Nitramide  or  Nitroxylamide,  02N.NH2,  mw 
62.03,  N 45.17%.  Wh  solid,  mp  72-5°  with  de- 
compn;  puffs  off  on  rapid  heating.  Sol  in  w 
(slowly  dec)  and  in  common  solvents,  except 
petr  ether.  Was  first,  prepd  in  1890  by  Mathieu- 
Plessy  but  not  properly  identified.  Thiele  & 
Lachman  prepd  it  in  1894(Refs  1,2  & 3)  from 
nitrourethane,02N.NHC00.C2H5i  and  described 
its  props.  Since  then  nitramide  was  prepd  by 
various  investigators,  mostly  by  hydrolysis 
and  decarboxylation  of  potassium  — N — 


nitrocarbamate  (Ref  4,5&6).  Only  small 
quantities  should  be  prepd  at  a time  and 
kept  in  a desiccator  placed  in  a refrigerator 
because  the  compd  is  unstable,  although  it 
does  not  expl  at  ord  temp 

Thiele  & Lachman  (Refs  2 & 3)  prepd 
alkali  nitramidates  and  ammonium  nitramidate. 
but  could  not  analyze  them  because  they 
existed  for  only  a few  seconds.  A little  more 
stable  was  mercuric  nitramidate,  02N.NHg. 

This  was  obtained  on  treating  an  aq  soln  of 
nitramide  with  a soln  of  mercuric  nitrate  in 

HN03 

(See  also  Ref  under  Alkali  Amides) 

Refs:  1)J. Thiele  & A.  Lachman,  Ber  27, 
1909-10(1894)  2)Ibid,  Ann  288,  297-302 
(1895)  3)Mellor  8(1928),  268-9  4)Franklin 
(1935),  154-9  5)InorgSynth  1(1939),  68-73 
6)Davis(1943),  369  7)Kirk  & Othmer  1(1947), 
410  8)R.N. Jones  & G.D.Thorn,  CanJRes 

27B,  829(1949) (UV  absorption  spectra  of 

nitramide,  nitramines,  etc) 

Amides  and  Imides,  Organic.  An  organic 
amide  is  a compt  contg  the  monovalent 
-CO.NHa  radical  (eg,  acetamide  CH3.CO.NH2, 
oxamide  H2N.C0.C0.NH2,  benzamide 
CsHsCONH2,  etc).  An  organic  imide  is  a 
compd  of  the  general  formula  R2NH  in  which 
R is  an  acyl  radical  such  as  CH3CO~.  Another 
type  of  imide  is  a compd  derived  from  acid 

anhydrides  in  which  one  oxygen  is  reolaced 

CO 

by  NH,  as  for  instance  C2H4<  >NH 
(succinimide)  CO 

These  compds  are  not  explosive  but  some 
of  their  nitrocompds  {nitramide s)  are.  For 
instance,  the  silver  salt  of  nitroderivatives 
of  acetamide  (qv)  are  explosive(See  also  Urea 
or  Carbamide,  Formamideand  Polyamides) 

Refs:  l)Beil  2,26,  226,  545,(20,  100,  237)  & 
[36,  509]  2)  Beil  9,  195,  (96)  & [163]  3) 
Hackh(1944),42  & 432  4)Kirk  & Othmer  1 
(1947), 668-71  5)Hickinbottom(1948),68,  228- 
31  & 281-2  6)Text  books  on  Organic  Chem- 
istry, such  as  Karrer,  Fieser  & Freser,  etc 

Amides  and  Imides,  Organic.  Analytical  Pro- 
cedures. Some  procedures  are  described  in 
Organic  Anal  sis,  Interscience,  NY,  vol  3(1956) 
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and  in  Shriner,  Fuson  & Curtin(1956), 

220-21 

Amides  and  Imides,  Organic,  Nitrated  are 

compds  of  the  general  formula  R.NH.N02 
and  RjN.NOj,  in  which  R is  an  acyl  radical, 
such  as  CHjCO'-.  Most  of  these  compds  are 
unstable  and  sensitive  to  moisture.  A general 
description  of  organic  nitramides  may  be 
found  in  the  books  on  Organic  Chemistry,  such 
as  Gilman  vol  4(1953),  979-81.  Some  nitramides 
are  described  individually  or  as  a class  in 
the  following  refs: 

Refs:  1)H.J. Backer,  "Ahrens  Sammlung 
Chemischer  und  Chemisch-technischer  Vortrage” 
18  359-474(1912),  translated  by  H.  Stone, 

Ohio  State  University,  Columbus,  Ohio  (His- 
torical and  prepn  & props  of  numerous  nitra- 
mides and  nitramines)  2)R.  Adams  & C.S. 
Marvel,  OSRD  Rept  86(1941)  (Historical  sur- 
vey of  nitramides,  synthesis  of  intermediates 
and  their  nitration  to  the  final  products.  Only 
few  of  the  prepd  nitramides  were  of  interest 
as  expls  or  as  components  of  expl  compns) 
3)Series  of  papers  by  A.H.Lamberton,  C. 

Hoi  stead,  J.Barrott,  I. N.  Denton  & others,  en- 
titled "Nitramines  and  Nitramides"  in  JCS 

1951,  1282-89;  1952,  1886-94;  1953,  1998- 
2005;  1953  , 3341-49;  1953,  3349-52;  1954, 
2391-95;  1955,  1655-57;  1955,  3997-4002 

Amidines  or  Aminoimines  are  compds  contg 
the  monovalent  radical  ~C(:NH)NH2,  as  for 
instance,  acetamidine,  CHsC(:NH)NHa.  They 
are  cryst  solids,  sol  in  ale  and  eth.  Some  of 
these  compds  have  been  known  for  about  \ 
of  a century  but  they  were  not  studied  in- 
tensively until  after  WWII,  when  papers  by 
P. Oxley,  W.F. Short,  M.W. Partridge,  T.D. 

Robson,  J. Miller  and  others  appeared  in  the 
Journal  of  the  Chemical  Society,  beginning 
in  1946.  The  compds  described  by  the  above 
authors  were  not  investigated  from  the  point 
of  view  of  their  explosiveness,  but  one  mighi 
suspect  that  some  of  them  are  expl 

General  methods  of  prepn  of  amidines  are 
given  in  Ref  3,  p 671.  With  organic  and  in- 
organic acids,  amidines  form  salts  which  are 
more  stable  than  the  amidines.  For  instance, 


acetamidine  ( ethaneamidine  or  a-amino-a- 
iminoethane)  CH3.C(:NH).NH2,  is  an  unstable 
solid  melting  ca  166-7°  with  decompn.  Its 
hydrochloride,  which  is  prepd  by  the  action 
of  HC1  gas  on  acetonitrile  in  abs  ale  cooled 
in  ice-salt,  reacts  with  AgNOj  to  give 
acetamide  nitrate  CjHjNj+HNOj,  crysts, 
mp  148°  (dec).  The  picrate  of  acetamidine 
C2H4Nj+C#H,Nj07,  raw  287.19,  N 24.39%,  mp 

252°,  is  an  explosive 
(See  also  Aminoguanidine,  Biguanide, 
Cyanoguanidine,  Guanidine  and  Guanyi  urea) 
Refs:  l)Bei!  2,185,(85)  & [1831  2)OrgSynth, 

Coll  Vol  1(1944),  5-7  3)A,J,Ewins  & J.N. 
Ashley,  USP  2,364,200(1944)  4)Kirk  & 

Othmer  1(1947),  671-2 

4-Amidino-1-(nitrosoaminoamidino)-l-tetrazene. 

One  of  the  names  for  Tetracene,  also  called 
l-Guanyl-4-nitrosaminoguanyltetrazene 

l-AmidinG-3-nitrourea.  See  Nitroguanylure a 
under  Guanyi  urea 

Amidino-semicarbazide,  1-Nitr-.  See  1-Ureido- 
3-nitroguanidine 

Amidino-3-thio-semtcarbazide,  1-Nitr-.  See  1- 

Thio-ureido-3-nitroguanidine 

Amidooxaurolic  Acid.  See  Aminoazaurolic  Acid 
Amidocarbonic  Acid.  See  Carbamic  Acid  or 
Aminoformic  Acid 

Amidogene,  Two  mixts  were  known  under  this 
name:  a)A  black-powder  type  expl  patented 
in  1882  by  Geraperle,  and  manufd  for  some 
time  in  Switzerland,  was  prepd  by  mixing  the 
following  ingredients  in  moist  condition:  K 
nitrate  73,  sulfur  10,  bran  or  starch  8,  charcoal 
8 St  Mg  sulfate  1 % b)A  dynamite-type  expl 
contained  NG  70-75,  AN  4-7,  paraffin  3-10  & 
powdered  charcoal  or  coal  18-13%.  This  mixt 
was  hygroscopic  and  its  NG  exuded 
Refs:  1)C undill,  MP  5,  346(1892)  2)Daniel 
(1902),  20-21  3)Thorpe  4(1940),  463 
Amidoguanidine.  See  Aminoguanidine 

Amidon  (Poudre  a 1’),  a blasting  expl  patented 
in  1884,  consisted  of  black  powder  mixed 
with  2 to  5%  of  starch  (Compare  with  "Starch 
Powder")  Ref:  Daniei(1902),  21 
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Amidon  nitre(Fr).  Nitrostarch 
Amidotriazole  of  Thiele.  See  3-Amino- 
asym-triazole 

Amidpulver.  See  Amide  Powder 
Ami  lot.  Same  as  Amylpbthalate 

Aminated  (Aminized)  Cellulose  or  Amino- 
cellulose.  By  attaching  amino-groups  to  a 
cellulose  molecule(such  as  cotton),  products 
are  obtained  which  react  differently  than 
the  untreated  celluloses.  Due  to  the  presence 
of  amino  groups  the  aminated  celluloses  com- 
bine with  acidic  substances,  such  as  acid 
dyes,  some  flame-proofing  agents,  rot-resisting 
compounds, and  acidic  explosives,  such  as 
2,4-dinitrochlorbenzene,  2,4,6-trinitrochIor- 
benzene,  etc 

A series  of  papers  on  amination  of  cellu- 
lose appeared  after  WWII  in  various  journals 
(see  Refs) 

Note:  It  may  be  possible  to  form  rapid- 
burning materials  suitable  for  propellants, 
fuses,  quick  matches,  etc  by  combining 
aminated  cellulose  with  an  oxidizer,  eg, 
aminocellulose  nitrate  or  perchlorate 
(See  also  Aminoethylcellulose) 

Refs : l)L.Vignon,  CR  112,487(1891)  (Direct 
addition  of  the  amino  nitrogen  to  cellulose 
was  reported  but  the  results  have  not  been 
reproducible,  according  to  Ref  2)  2)T.S. 

Gardner,  JPolymSci  1,121  & 289(194 6)  3) 

J.D. Guthrie,  Textile  Research  J 17,625(1947) 
4)C.L.Hoffpauir  & J.D. Guthrie,  Ibid  20,617 
( 1 950)  5)W.A. Reeves  & J.D. Guthrie,  Ibid 

23,522(1953)  6)W.A.Reeves  et  ai,  Ibid  23, 
527(1953) 

Aminated  Cellulose  Acetate  Esters.  Prepn 
and  props  of  cellulose  acetate  esters  contg 
amino  nitrogen  are  described  in  a paper  by 
T.S.Gardner,  JPolymSci  1 ,121-6(1946)  and  in 
some  refs  listed  in  that  paper 

Amination  is  the  process  of  forming  an  amine 
(qv).  This  may  be  done'by  any  one  of  the  re- 
actions described  in  textbooks  on  Organic 
Chemi’stry(see  Ref  3)-  The  most  important 
method  is  the  reduction  of  nitrocompds  or 
cyanides.  Other  methods,  such  as  the  hydrolysis 


of  nitriles,  or  the  replacement  of  hydroxyl 
by  an  amino  group,  are  not  used  commercially 

The  process  of  reduction  of  nitrocompds 
was  discovered  in  1842  by  N, Zinin,  a prof  at 
the  Univ  of  Kazan', Russia.  He  prepd  aniline 
by  reducing  nitrobenzene  with  (NH«)aS.  A 
less  expensive  reducing  agent,  Fe  and  dil 
acid,  was  proposed  in  1854  by  Bechamp.  The 
reduction  process  by  Fe  and  acid  was  used 
on  a large  scale  by  Perkin.  With  cheap 
aniline  the  synthetic  dyestuff  industry  was 
born 

Amination  by  reduction  may  be  achieved 
by  using  the  metals  fe,  Sn,  Zn  (in  acid  or 
neutral  solns),  Zn  or  Fe  (in  strongly  alkaline 
solns),  Zn  (in  weak  alk  soln),  sulfides, 

FeS04  & hydrosulfites  (in  alkaline  solns), 
hydrogen  in  the  presence  of  catalysts,  etc. 
These  methods  are  described  in  Refs  1,2  & 4 

The  greatest  industrial  use  of  amination 
by  reduction  was  made  during  WWII  in  Ger- 
many (mostly  by  IG  Farbenindustrie),  as  well 
as  in  Gt  Britain  and  the  USA 

Although  the  amination  process  does  not 
produce  any  explosives,  it  is  mentioned  here 
because  it  can  be  used  for  transforming  some 
discarded  explosive  nitrocompds  into  non- 
explosive amines,  which  might  be  useful  as 
dye  intermediates  or  other  purposes.  For 
instance,  during  WWII,  some  nitroxylenes 
were  reduced  to  produce  mixed  xylidines  for 
use  with  aviation  gasoline.  The  reduction 
method  can  also  be  used  for  the  harmless 
destruction  of  discarded  explosives.  For  in, 
stance,  at  least  one  of  the  US  Ordnance  in- 
stallations destroyed  unwanted  TNT  by  placing 
it  in  shallow  basins  dug  in  the  ground  and 
adding  iron  scrap  in  water  acidified  with 
sulfuric  acid 

Refs:  1)J. Werner,  IEC,  Sept  1947-1957,  under 
“Unit  Processes  Review"  2)Kirk  & Othmer 
1(1947), 673- 702  3)Hickinbottom(1948),  105, 
281-4,  344-50  & 402-4  4)Groggins(1958), 

129-203  & 388-485 

AMINES 

Amines  are  compounds  derived  from  ammonia 
by  substituting  hydrocarbon  radicals  (R)  for 
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hydrogen.  They  may  be  primary  RNH2,  sec- 
ondary  (called  also  imincs),  tertiary 


R 

R 


>N-R  or  quaternary 


R ,R 
>N< 

R I R 
OH 


amines.  Their 


prepn  and  props  are  given  in  Organic  Chem- 
istry books,  Chemical  Encyclopedias  and 
Chemical  Dictionaries. 

(See  Refs  1,2,3a  & 5) 

Amines  have  been  used  for  the  following 
purposes  related  to  expls.propellants,  pyro- 
technic compositions  and  fuels:  a)Stabilizers 
for  NC  propellants(eg,  diphenylaminc,  nitro- 
diphenylamine  and  phenyl-/3-naphchylamine, 
the  last  examined  in  France(Ref  3)  b)Sensi- 
tizers  for  some  expl  and  propellent  compns 
(Ref  4 and  addnl  ref  d)  c)Smoke-produc  ing 
compds  (Addnl  Ref  d)  d)Liquid  fuels  for 
rockets  in  conjunction  with  strong  oxidizers, 
such  as  nitric  acid(some  of  these  are  hyper- 
golic)  (Refs  6 & 8 and  addnl  refs  e,g,i,k&l) 
e)Additives  to  gasoline  and  other  motor  fuels 
(Addnl  refs  a,b,c&f) 

Refs:  l)Kirk  & Othmer  1,702-17  2)Hickinbottom 
(1948), 105,  281-4  & 292-332  3)L.Medard, 

MP  32,305-7(1950)  (Phenyl-/3-naphthylamine 
as  a stabilizer  for  smokeless  propellants) 
3a)Degering(  1950),  199-221  & 292-321  4)11. 

Maisner,  USP  2‘,712, 989(1955)  & CA  49,14325- 
6(1955)  (An  organic  amine  was  proposed  as 
an  addn  to  nitroparaffin-gel  rocket  propellants 
to  make  them  expl,  eg,  a rocket  propellant 
consisting  of  MeNOj  blended  with  10-50%  NC 
and  contg  Cr  acetylacetonate  up  to  3%  by  wt 
became  an  expl  after  incorporating  some  amin^ 
5)Clark  & Hawley(1957),  68-9  6)L.R.Rapp 
& M.P.Srrier,  JetPropn  27,401-4(1957)  (The 

effect  of  chemical  structure  on  the  hypcrgolic 
ignition  of  amine  fuels)  7)V.Migrdichian, 
Organic  Synthesis,  Vols  1 & 2,  Reinhold,  NY 
(1957)  8)R. Fuchs,  Explosivst  1958,  89-97 

(Aliphatic  and  aromatic  primary,  secondary 
and  tertiary  amines  were  examined  from  the 
point  of  view  of  their  hypergolicity  when  used 
with  strong  nitric  acid  as  an  oxidizer.  Various 
devices  for  such  investigations  are  discussed) 
Addnl  Refs  on  Amines:  a)SODC,  BritP  530, 


597  (1940)  & CA  36,  893(1942)  (Secondary 
amines  as  blending  agents  in  high  octane 
number  motor  fuels)  b)SODC,  BritP  559, 
051(1944)  & CA  39,4750(1945)  (Primary  or 
secondary  isoalkylamine s in  which  the  iso- 
alkyl groups  contain  from  4 to  5 carbon  atoms, 
as  antiknock  blending  agents  for  high  octane 
motor  fuels)  c)A.G.Mazurkiewicz  & V.G. 
Oberholzer,  JlnstPetroleum  32,685(1946)  & 

CA  41,5281(1947)  (Aromatic  amines  as  anti- 
knock addns  to  motor  fuels)  d)ll.E.  Britt, 

USP  2,420,416(1947)  & CA  41,4874(1947) 

(An  exceedingly  dense  white  smoke  is  pro- 
duced when  a 1 i q amine  such  as  C2H4(NHa)2 
is  treated  with  a volatile  org  acid,  such  as 
ClljCOOH)  c)V.L..King,  USP  2,474,183(1949) 
& CA  43,6811(1949)  (Rocket  propellants  are 
obtained  by  treating  alkyl-substituted  mono- 
nuclear aromatic  amines  with  95%  or  stronger 
HNOj.  Such  mixts  ignite  spontaneously  even 
when  the  amines  are  dissolved  to  the  extent 
of  20%  by  vol  in  low-boiling  hydrocarbons 
such  as  gasoline  or  light  fuel  oils.  Hydro- 
carbon solns  remain  miscible  and  do  not 
freeze  at  temps  of  the  order  —40°)  f)A. 
Beranger,  FrP  942,418(1949)  & Ca  45,1337 
(1951)  (The  octane  number  of  gasoline  may 
be  increased  by  adding  to  it  a mixt  of  o- 
toluidine,  triethanolamine,  Fe(CO)^  and 
cholesterol)  g)P.F.Winternitz  & D.Horvitz, 
JAmRocket  Soc  No  85,51-67(1951)  & CA  45, 
8771(1951)  (Amines  are  superior  to  the  cor- 
responding ales  as  fuels  in  rocket  propel- 
lants) h)VGFAG,  GerP  841,000(1952)  & 

CA  47,3867(1952)  (Amines  for  prepn  of  sur- 
face active  substances)  i)J .D. Clark, Ordn 

36,661-3(1952)  & CA  48,11062(1954)  (Amines 
as  fuels  for  liq  rocket  propellants)  j)H. 
Maisner,  USP  2,690,964(1954)  & CA  49,618 
(1955)  (Amines  may  be  added  as  sensitizers 
to  gelled  liq  nitroparaffins  used  in  expls  or 
propellants,  eg,  nitromethane  contg  5*75% 

NC  is  sensitized  by  the  addn  of  some  amine. 
Cr  acetylacetonate  may  be  incorporated  to 
obtain  easier  ignition)  k)L.R.Rapp  & M. P. 
Strier,  Jet  Propulsion  27,  401-4(1957)  (A 
systematic  study  of’the  relationship  betw 
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chem  structure  and  hypergolic  ignition  of 
numerous  amine  fuels  with  WFNA  oxidizer 
was  conducted  at  Reaction  Motors,  Inc, 
Denville,  NJ  in  order  to  determine  the  suit- 
ability of  such  amines  as  rocket  fuels)  I) 
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The  most  important  compds  are  aniline  and 
unsym-dimethylhvdrazine,  abbr  UDMH.  Less 
important  are  methyl  amine  and  diethylene- 
triamine) 

Amines  and  (mines.  Analytical  Procedures 

are  described  under  some  individual  compds 
(such  as  aniline)  and  in  the  following  refs: 
l)Siggia(1949),  65-73  2)0rg  Analysis  3 


(1956),  222-4 

Amine,  Catalyzed  Nitration.  A series  of  papers, 
on  this  subject,  were  published  in  CanJRes 
26B  (1948)  by  the  following  investigators: 
l)W.J.Chute  et  al,  pp  89-103  (Dinitroxydiethyl- 
nitramine)  2)G.E.Dunn  et  al,  pp  104-113 
(Relative  Basicity  of  Secondary  Amines  in 
Acetic  Acid)  3)W.  J. Chute  et  al,  pp  114-137 

r\f  MtfraMnn  Amnno  A lihhflit'ir 
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Secondary  Amines)  4)J.C.MacKenzie  et  al, 
pp  138-153  (The  Role  of  Electropositive 
Chlorine  in  the  Nitration  of  Lysidine)  5) 

G.S. Myers  & G.F. Wright,  pp  257-270  (The 
Nitration  of  Aliphatic  Diaikylchioramines) 
6)K.K. Carroll  & G.F. Wright,  pp  271-283  (The 
of  Di-n~octylamine)  7yC.N.Sm2rt 
& G.F. Wright, pp  284-293  (A  New  Method  of 
Preparation  of  Primary  Nitramines)  8)T.Connor 
et  al,  pp  294-308  (The  Medium  Used  in  Ni- 
tration of  Secondary  Aliphatic  Amines) 

(See  also  "Amines,  Nitrated  and  Nitrited") 
Amines,  Complexes.  A number  of  amine  com- 
plexes with  cupric  chlorates,  perchlorates  and 
bromates  were  examined  before  WW1I  in  France 
sfid  described  in ' 

Refs:  l)J.Amiel,  CR  199,  51-3(1934)  & CA 
28,  5361(1934)  2)J.Amiel,  CR  200,  672-4 
(1935)  & CA  29,  2469-70(1935)  (Compare  with 
Ammines) 

Amines,  Condensation  With  Aromatic  Chlorine 
Compounds.  Amines  can  be  condensed  with 
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nitrated  to  explosives.  For  instance,  dinitro- 
chlornbenzene  reacts  with  2 equivalents  of 
aniline  to  form  dinitrodiphenylamine  and 
aniline  hydrochloride.  The  DNDPhA  may  be 
nitrated  to  tetra-  and  hexanitrodiphenylamines 
(Ref,p  1 S5 )*  In  some  case s an  cxpl  can  be 
obtained  in  one  operation  without  further 
nitration.  For  instance,  the  action  of  potas- 
sium methylnitramine  on  picryl  chloride  pro- 
duces the  explosive  2,4,6-trinitrophenyl- 
methylnitramine,  known  as  tetryl: 


CH* 


CM, 


\c»2nu3Ccri2v,i  t a.  in  ^ 


NOj  NQ2 

(Rci,p  175) 

Ref:  Davis(1943),175  & 185 
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Amines  Nitrated  and  Nitrited.  The  various 
tvees  of  amines  have  been  converted  into 


derivs  contg  oxynitrogen  groups.  In  some 
cases  the  desired  derivs  can  be  produced 
directly  from  the  amine  by  the  action  of 
nitric  or  nitrous  acids  or  their  anhydrides 
but  more  often  indirect  syntheses  are  re- 
quired. Many  amine  derivs  contg  oxynitrogen 

ormins  are  explosive.  If  a hvdfOpen  of  an 
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NH2  group  is  substituted  by  an  NO  or  an  N02 
group  the  resulting  compds  are  known  cor- 
respondingly as  nitrosamines  (or  N-nitrosamines), 
RjN.NO  and  nitramine s(or  N-nitramines), 
R.NH.NO,.  There  are  also  ntirosoamines( or 
C-nitrosoamines)  and  nitroamine s(or  C- 
nitroamines)  in  which  the  NO  and  N02  groups 
are  attached  to  C atoms,  eg,  ON.C4H4.NH2 
and  02N.C6H4.NH2.  The  corresponding  derivs 
of  secondary  amines  are  called  nitrosimines, 
nitrimines,  nitrosoimines  and  nitroimines 

In  amine  nitrates,  the  HN03  group  is  con- 
nected to  a molecule  of  an  amine  to  form  an 
addition  salt,  such  as  R.NU2.1!N05  or 
R2NH.HN03.  The  term  amine  nitrate  is  also 
applied  to  amines  contg  nitroxy(ON02)  groups, 
such  as  02N0.CH2.R.NHj.  In  order  to  dis- 
tinguish between  nitrates  and  nitrate  esters, 
the  amines  contg  0N02  groups  are  called 
nitroxyamines 

Some  nitrated  and  nitrited  amines  may  be 


mo 


combinations  of  the  above  types,  such  as 
nitraminonitrates,  nitraminonitro  compels, 
nitraminonitroxy  compds,  nitronitrosamines,  etc 
Note:  There  is  frequently  a lack  of  clarity 
in  the  nomenclature  of  nitrated  compounds 


used  by  vs  no  ui 


i or 


papers  in  the  JCS  1949,  pp  1631*58  (see 
Addnl  Refs  on  Amines,  Nitrated)  are  en- 
titled "Studies  on  Nitroamines",  but  they 
all  actually  deal  with  Nitramines 

The  literature  on  the  various  types  and 
individual  oxynitrogen  derivs  (expl  and  non- 

^ twqc  rnnciri^raMp  KpfnrP  WW  IT. 

r-/  


Since  many  nitrated  amines  are  expl  (the 
nitro,  nitramino  and  nitrate  groups  are  ex- 
plosophores),  WW  II  served  as  a strong 
stimulus  for  a more  intensive  study  of  them, 
so  that  today  the  published  material  in  this 
field  is  so  extensive  that  a listing  of  more 
than  a small  number  of  the  most  significant 
refs  is  not  practicable  in  this  dictionary. 
Some  of  the  more  general  articles  on  nitrated 
amines  are  given  below,  while  other  articles 
are  given  as  Addnl  Refs  on  Amines,  Nitrated 
Individual  amines  and  their  nitrated  derivs 


used  in  expl,  propellent  and  pyrotechnic 
compns  are  described  separately  under  their 
own  names,  such  as:  cyclonite,  nitroguanidine, 
tetryl,  etc 

Attention  is  also  directed  to  the  section 
on  "Nitration"  edited  by  W.deC. Crater  in 


Reviews"  in  the  September  issues  of  1EC 
beginning  in  1948  and  ending  in  1955-  The 
review  was  resumed  in  1957  by  W.R. Tomlin- 
son, Jr 

Inasmuch  as  the  nitramines  are  the  most 
important  of  the  nitrated  amines,  it  would  be 
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According  to  Backer(Ref  1)  some  nitramines 
were  prepd  as  early  as  1869  by  Griess,but 
they  were  not  identified  as  such  until  much 
later  when  Zincke  repeated  some  of  Griess’ 
work.  In  1877,  Mertens  of  Holland  prepd  an 
explosive  by  nitration  of  dimethylaniline  but 
he  did  not  establish  its  structure.  In  1883, 
van  Romburgh,  also  of  Holland,  proved  that 
the  compd  prepd  by  Mertens  was  a nitramine. 


After  this,  van  Romburgh  worked  with  aromatic 
nitramines  while  Franchimont(first  alone  and 
then  with  Klobbie  and  van  Erp)  studied 
aliphatic  nitramines.  Considerable  work  was 
done,  beginning  about  1890,  in  Germany  and 
in  Itki!  y * Xn  1 y 6 £ worlc  ors  nitm m jdc  s 

was  conducted  not  only  in  Holland  and  Ger- 
many but  in  other  countries  as  well.  Great 
advances  were  made  during  and  after  WW  II, 
particularly  in  the  USA  (where  most  of  the 
work  is  stiii  classified)  in  Canada( where 
many  papers  have  been  published  in  Canad 
JR.6S  ^nd  JCS)  in  Russia 

Aromatic  nitramines  are  much  easier  to 
prepare  than  the  aliphatic  nitramines.  For 
this,  the  aromatic  amine  can  be  treated  with 
coned  nitric  acid  either  alone  or  in  the  pres- 
ence of  a dehydrating  agent  such  as  sulfuric 
acid  or  acetic  acid-acetic  anhydride(Ref  2, 

n *20) 

In  the  prepn  of  aliphatic  nitramines,  the 
indirect  methods  are  preferable,  as  for  in- 
stance, dehydration  of  amine  nitrates  with 
acetic  anhydride.  The  presence  of  a chloride 
ion  acts  as  a catalyst 


For  more  information  on  the  prepn  of 
nitramines.  see  Refs  3 & 4 and  individual 
compds  listed  under  corresponding  amines 
(See  also  Amines,  Catalyzed  Nitration) 

Refs : 1)11. J. Backer,  Ahrens  Sammlung 
Chemischer  und  Chemisch-Technisher  Vortrage 

lo  icn  a ~j  A/  i r\i  /V- ^.l  i i ft  ^ ^ r 

« v,  j /-t\  i-y  jl  t.)  \ i ran  uy  ii-oiuuc  ui 


Ohio  State  Univ)  (General  review  of  nitramine 
chemistry)  2)Hickinbottom(1948)  3)A.H. 
Lamberton,  Quart  Revs  5 , 75-98(1951)  ("Some 
Aspects  of  the  Chemistry  of  Nitramines") 

4)Gilman4(1953) 


Addnl  Refs  on  Amines,  Nitrated:  a)A.P.N. 


P rO  n/^K  i frv r\ n t 


lit  i Qo-n 
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to  the  knowledge  of  aliphatic  nitramines)  b) 
J.Pinnow,  Ber  30,833-43(1897)  (Aromatic 
nitramines  and  nitrosamines)  c)E. Bamberger, 
Ber  30,1248-63(1897)  (AIkylnitramines)(earlier 
refs  are  given)  d)G.K.Ciemo  & j.M. Smith, 

JCS  1928,2414-22  & CA  23,  117-18  (1929) 

( l\i irrftrifin  r»f  -snKftr irnrf*d  rt'rtiarv  arnmarir 


amines.  One  of  the  compds  prepd  was  tetryl) 
e)Dynamit  A-G,BritP  384,966(1931)  (Aliphatic 
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nitrated  mono-  and  polyamines,  such  as 
methylaminenitrate  and  ethylenediaminedi- 
nitrate,  are  melted  in  mixes  with  AN  to 
be  cast  in  shells,  etc)  tjp.Naoum  & R. 
Sommerfeld,  USP  1, 968, 158(1 934)  (Nitrates 
of  aliphatic  nitramines  used  in  cast  AN 
explosives)  g)A.P- Shouten , Rec  56,541- 
561(1937)  ( Prepn  and  props  of  some  explo- 
sive nitramines,  such  as  l,2-bis-{(2,4,6- 
trinitrophenyl)-nitramino]-ethane  and  1,2- 
bi  s-(N-(  4-m  eth  y i -2 ,6-d  in  i tr  ophe  ny  I )-n  itr  am  i no  ]■ 


ethane  h)W.L.C.  Veer,  Rec  57,989-1015 


{ 1 OXQ\  1 Dr<i rsn  o***/!  t%r  nf 
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sive  nitramines,  such  as  l,3-bis(2' , 4* ,6* - 
trinitrophenyl-nitraminoppropane;  1.3-bis 
rN-(4*  -methyl-2*  ,6*  -dinitrophenyl)-nitramino]- 
jxopane;  l,3‘bis^N-(4' -chlcro(or  bromo^1  , 

6‘  -dinitrophenyl)-nitraminoj-propane;  1,3- 
bis[N-(5' , chlorofar  bro/no)^’  ,4'  ,6*  -trinitro- 

Art.ri  \ — 1 - _ . ; \t/  t? 

jniwu^ij-iuLiaiiunuj'^i  updiic,  cit  | 

Waldkotter,  Rec  57,1294-1310(1938)  j Prepn 
and  props  of  some  explosive  nitramines.  such 

as:  N-(2,4,6-trinitrophenyl)-N-nitro-/3-:amino- 

ethyl  nitrate;  N-[4-chloro(or  bromo)-2,6-dini- 
trophenyl]-N-nitro-/3-aminoethyl  nitrate;  N- 
[5-chloro(or  bromo)-2,4-dinitrophenyl]-N- 
nitro-p-aminoethyl  nitrate-  etc  j j)P.P. 
Shorygin  et  al,Zh ObshKhim  8,986—90(1938) 

At  C A *13.  0^0^  fNir  ration  of  arnmafir 


amines)  k)E.Macciotta  et  al,  Series  of 
articles  in  Gazz  and  other  Italian  journals 
beginning  1930  and  ending  1947[See  CA  24, 
4279-80(1930);  26, 1583-6(1932);  27,4528 
(1933);  31,3889  & 4965(1937);  33,8592(1939); 
36,1593-5(1942)  and  41,4115(1947)]  1)G. 

D cimA  f I?  o #\n  t vrv  fntf  t t t & c D HI  X?  rir  ftS 

■»  v‘*  ■ — r* * i — 

160(1946)  (Aliphatic  nitramines  1, 7-din  itr  ox  y- 
2,4,6-trinitro-2,4,6-criazaheptane  and  1,9- 
dinitroxy-2, 4,6, 8-tetr  an  itro-2, 4,6, 8-tetrazano- 
nane  obtained  as  by-products  in  the  manuf 
of  RDX)[See  PATR  2510(1958)  under  Ali- 
phatic Nitramines  of  WW  II  and  Hexogen,  E- 

C/s  I *r  on/1  XT  A ^.Co  T t ID  r/\  j-*  a o r a c>l  m \/*™*  c%l  i 

Series  of  papers  on  the  prepn  and  props  of 
nitramines  in  CanJRes  26B,pp  89—103, 
114-37,  257-70,  271-80,  284-93  and  294- 
308(1948)  & CA  42,4918,4919,5843  and 


5844(1948)  n)L.Heger,  Przemysl  Chem  4, 
522-4(1948)  At  CA  43,42 18(1949)  (A  review 
on  the  prepn  of  nitroamines)  o)Collective, 

Can]  Res  276,218-37,462-8,  469-74,  489- 
502,  503-19  & 520-44(1949)  & CA  43,8354- 

5-  O072"*75(-9'i9/  (S^ncs  of  psptrs  on  the 
prepn  of  some  explosive  nitramines  by  ni- 
trolysis  of  hexamethylenetetramine)  p)CoI- 
lective,  JCS  1949,1631-58  & CA  44,1410- 
13(1950)  (Eight  papers  on  the  prepn  and 
props  of  several  nitramines,  called  in  these 
papers  ’'nitroamines”  . The  compds  in 

fl tl>  I’l  i oknnf  ap  m apa 
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than  14%  nitro-  or  nitroxy nitrogen  are  listed 
individually  in  this  dictionary  because  they 
may  be  potential  components  of  explosive 
propellent  or  pyrotechnic  compns)  q)HACSIR 
(Canada),  BntP  615,419  & 615,793(1949) 


(Nitramines  and  their  preparation,  mostly 

hn  ItM 


1 fk \r  IpnA  1 I--. ; 

- |A/i^uii»aunuco, 


pentame  thylenetetramine,  cyclotetramethyl- 


eneterranitramine , eye Jotrimethylenetrinitra- 
mine,  l,9_diacetoxypentamethylene-2,4,6,8- 
tetranitramine,  1 ,9-dinitroxypentamethyIene- 
2,4,6,8-tetranitramine,  etc)  r)G.F. Wright 
& W.J. Chute,  USP  2,461,582  and  2,462,052 


/ 1 0/(f)\  o . A JO  \ 
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A.T.Blomquist  & F.T.Fiedorek,  USP 
2,481,283(1949)  & CA  44,4925(1950)(  Prepn 
and  props  of  some  nicroalkyinitramine  s) 
t)A.T. Blomquist  Si  F.T.Fiedorek,  USP 
2,485,855.(1949)  & CA  44,35l6(1950XPrepn 


and  props  of  some  nitramines  and  nitrated 

1 ..  \ 1 A r i 1 _ 1 t . 

iiumivflivuiiuia;  LI  JJ  . Cl.  I 1 iU  pnaill  Ct  HI,  J rtLO 

72,341-3(1950)  & CA  45,1048-9(1951) 


(Prepn  and  props  of  linear  secondary  polvni- 
tramines,  some  of  which  are  explosive,  eg 
( 1,8-dicyclohexy  In  it  ramino- 3, 6-di  nitro- 3,6- 
diazaoctane)  v)K.W.  & W.J.  Dunning, JCS 
1950,2920-28(1950)  & CA  45,6642-44(1951) 

(Me thy lenenur amines)  w)L. Herman  et  ai, 

C an  J Che  m 29,767-76(1951)  & CA  46,2084 

(1952XNitroIysi  s of  hexamethylenetetramine) 

x) W. E.Bachmann  et  al,  JACS  73,2769-73 
(1951)  & CA  46, 2084(195 2XCyc lie  and  linear 
nitramines  formed  by  nitrolysis  of  hexamine) 

y) Collective,  JCS  1951,1282-89  & CA  46, 


7513(1952);  JCS  1952,1886  -94  & CA  47, 
1044(1953);  JCS  1953,1998-2005  & CA  48, 
10540(1954);  JCS  1953,3341-49  & CA  49, 
8311(1955);  JCS  1953,3349-52  & CA  49, 
8311(1955);  JCS  1954,2391-5  & CA  49, 
9511(1955);  JCS  1955,1655-7  & CA  50,5514 
(1956);  JCS  1955,3997-4002  & CA  50,7715(1956) 
(Ptepn  3r.d  props  of  mtr  orn  inc  s , so  its  of 
which  are  explosive)  z)G.F.  Wright  & W.J.' 
Chute,  Can P 4 79, 928(1 95 2)&  CA  50;8747 
(1956)  (Conversion  of  secondary  amines  to 
nitramines)  aa)J.M.  Patterson,  Northwest- 
ern Univ,  Evanston,  III,  Univ  Microfilms 
Pub  No  6234(77pp),  Ann  Arbor,  Mich ; Dis- 
sertation Abstrs  13,990—1(195.3)  & CA  48, 
3930(1954)  (Prepn  and  chemistry  of  hydroxy- 
anuncr. itroc ompd s ) 3b)G.S. 

Salyamon  et  al,  Sbotnik  Statei  Obshchei1 
Khimii(Russia)  2,1315-24(1953)  & CA  49, 
4554(1955)  (Structure  of  aromatic  nitramines) 
ac)G.F. Wright  & W.J, Chute,  USP  2,678,927 
(1954)  & CA  49,7606-7(1955)  (Prepn  and 

props  of  expl  nitramines,  such  as  cyclotetra- 
nieuiy  lene  tc  trail  it  rauun  c)  »u)J  .CaSOTi , Jr, 

USP  2,686,804(1954)  & CA  49,2075(1955) 

[Ssconds  nt  nitrarnines  nrepd  by  nitrating 
secondary  amines  or  their  nitrates  are  pro- 
posed for  use  as  explosives,  eg  Bis(2—ni- 
troxy -e  th  yl)-n i tr ami  ne  ] a e )T.  M.  Ca  wth on  Jr, 
Princeton  Univ,  Princeton,  N J,  Univ  Micro- 


films, Publ  No  13675,103pp»  Ann  Arbor, 
Mich;  Dissertation  Abstrs  16,247— 8(  1956)  & 
CA  50,7593(1956)  (Kinetics  and  mechanism 
of  thermal  decompn  of  amine  nitrates)  af) 


OSRD  Rcxjrts  on  Nitramines:  65(1941), 
158(1941X  159(1941),  393(1942),  540(1942), 
560(194  2),  800(194  2),  819(1942),  820(1942), 
907(1942),  915(1942),  950(1942),  979(1942), 
1044(1942),  1089(1942),  1134(1942),  1234 
(1943),  1711(1943),  1733(1943),  1734(1943 ), 
1803(1943),  2054(1943),  3567(1944),  4099 

A\'*AnnxA\  Clfi4nc»4^\  tt0ft1O4*V 

5943(1945),  5944(1945),  5945(1945),  6126 
(1045),  & 66280945)  ag)Office  of  Techni- 


cal Information  Reports:  PBL  31089(1942) 
& PBL  18,867(1944)  ah)Picatinny  Arsenal 
Technical  Reports:  414(1933),  1166(1942) 


& 1177(1942) 


Amines.,  Nitrated  ond  Nitrited,  Analytical  Proce- 
dures. Many  of  the  procedures  used  for  the  ana- 
lytical determination  of  amines  are  applicable  to 
nitramines  and  nitrosamines(see  Refs  under 
Amines).  Detn  ctf  the  nitrogroup  in  nitramines  is 
given  in  Org  Analysis  2(1954X78,80,  & 85 
Addnl  Refs:  a)l.V. Grachev,  ZavodLab  12,434 

/ 1 r,  r.  ' z'  a n -if  -1—1/ 1 in  / _r  - „ 

( iyw;  a k^i\  q i,  11  / ^cui  ui  muur 

amines)  b)C J.Ovenston  & C- A. Parker,  JSG  66, 
394_5(1947i  to  CA  42,2771(1948)  (Detn  of  nitros- 
amine  content  of  propellants  stabilized  with  sym- 
diethyldi phenyl  urea)  c)K.  Kohlrausch,  ActaFhys- 
Austriaca  1,292(1948)  & CA  42,6665(1948) 

(Raman  spectra  of  nitramines  and  nitr  os  amines) 
d)C. A. Parker,  jSCl  67,434(1948)  & CA  43,3617 
(1949)  (Chromatographic  separation  of  N-nitroso- 


M - .1  I • I -£ _ ^ (.nr 

I'tvuyiaiimic  auu  ui  ouniv 


propel- 


lants) e)S.I.  Burmistrov,  ZhAnalKhim  5,119—22 
(\CKQ\  & CA  44.4828-90950)  (Identification  of 


primary  nitramines.  Spot  test  colorations  with 
various  reagents  are  given  for  45  nitramines) 
(Translation  Rj— 44  of  the  Associated  Technical 
Services,  PO  Box  271,  East  Orance,  NJ)  f)E.W. 
Maim  berg  et  ai,  Anal  Chem  25,901—7(1953)  « 

CA  47,12095(1953)  (Detn  of  nitramine  impurities 

in  DFlV  Uir  a Z-krAmol-A  rm>  Q fill  I P 

414  juyn  t/j  mjmhv  / 


Amine  Nitrates  are  compds  of  the  general  formu- 
la R.NH  .HNO  R NH.  HNO  or  R*N  • HNO.. 

2 ""  ' S>  "1 — ‘ J ‘ * J •>' 

where  R,  Rt  and  Rj  may  be  hydrocarbon-,  alcohol, 
or  other  radicals.  Those  of  them  which  are  expl 
are  listed  here  individually,  such  as  aminomethane-, 
aminoethane-,  aminoethanol-  nitrates,  etc 
Refs:  i)A.  Fran  chi  mont,  Rec  2,329(1883)  2)F. 
van  Romburgh,  Rec  5,246(1886)  3)I*B. Willis, 
TrFaradSoc  43,97(1947)  & CA  41,5008(1947) 
5)T.L.Cottrell&  J.E.Gill,  JCS  1951,1798-1800 
& CA  45,10028(1951) 

Amine  Nitrites  are  conpds  of  general  formulae 
R-NHa*HN02,  etc 

Refs:  l)j.K.  wolre&K.L. Temple,  JACS70, 
1414(1948)  2)Ibid,USP  2,635,116(1953)& CA 
48  , 7048(1954) 

Amine  Peroxides  as  Explosives.  Some  amines 
may  yield  expl  peroxides.  For  instance,  hexa- 
methylenetetramine when  treated  with  hydrogen 
peroxide  in  the  presence  of  an  organic  add(citric) 
which  combines  with  the  liberated  NH,,  forms 
hexamethylenetTiperoxidediamine(qv)  (Ref  1). 

C>~k  1 f f r c-  kocpc  mnin  I tiTQ  1 a Wpku^P  c nr  rhpi  f 
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derivs  form  peroxides  in  the  presence  of  an  oxi- 
dizing agent.  Thus,  tricrotonylidenetetramine 
treated  with  Ha  02  in  the  presence  of  malonic  (or 
lactic)  acid  and  mineral  or  organic  salts,  yields 
tricrotonylidenetriperoxide  tetr  amine,  HjN  • R • 

CH  > R • NH ■ R • NHa  where  R=  MeCHrCH  * 0a  • CH= 
This  compd  may  be  used  in  detonators  and  primers 
(Ref  2) 

Refs:  l)Davis(  1943), 451  2)SB1CTG,  FrP893,942 
(1944)  & CA  47.8373(1953) 

Amine  Pi  crates.  Molecular  combinations  of  picric 
acid  with  various  amines  were  prepd  and  ex- 
amined before  WW  II  in  Rumania.  Some  cf  these 
complexes  are  explosive  and  are  described  under 
individual  amines 

Refs;  l)R.Rascanu,  AnnSciUnivJassy  3 1,395 
423(1939)  (In  French)  (58  refs)  2JIbid  26  .1,3-40 
(1940)  & CA  34,394  & 4385(1940) 

Amines  as  Rocket  Fuels.  See  Refs  6 & S and 
Addnl  Refs  e,g,i,k  & 1 under  Amines  and  Imines 

Amin i zed  Cellulose.  See  .Aminat ed  Cellulose 

Aminoacetic  Acid;  Aminoethanolc  Acid;  Glycine 
or  Gfycocol!  (Gelatin  Sugar  or  Glycocin)  (Leim 
zucker  or  Leimsiiss  in  Ger  and  Sucre  de  gelatine, 
in  Fr)  HaN  ■ CHa  ■ COOH,  mw  75.07,  N 18.66%. 

Col  crysts,  mp  232—6°  (decomp),  d 1.161.  Very 
sol  in  w,  si  sol  in  ale,  insol  in  eth.  Was  ob- 
tained in  1820  by  Braconnot  by  treating  isinglass 
(fish  glue)  with  HaS04(Ref  2).  Can  also  be  prepd 
by  the  action  of  coned  NH4OH  on  monochloroacetic 
acid  as  well  as  by  alkaline  hydrolysis  of  gelatine,  etc 

Was  psed  by  Burstenberger(Ref  3,p  89)  for  the 
prepn  of  an  expl  compn  in  which  cellulose,  dried 
mushrooms,  etc  were  treated  with  glycine  and 
then  impregnated  with  NG 
Refs : l)Beil  4,333,(462)  & [77IJ  2)E.N.Hcms- 
ford,  Ann  60,1-57(1846)  (Glycocoll  and  some 
derivatives)  3)DanieI(1902),89  4)T.Cocking, 
IndChemist  13, 137— 8(1937)  (Man uf,  props  and 
methods  of  identification  of  glycine) 

Aminoacetic  Acid  Nitrate  or  Glycine  Nitrate, 

HaN- CH2  ♦ COOH  + HNOj,  raw  138.08,  N 
20:29%,  OB  to  COa  -23.2%,  OB  to  CO  0%. 

Rhombic  plates  cr  ndls,  mpea  145°  with  evolu- 
tion of  gas(Ref  3)*  Was  prepd  in  1820  by 


Braconnot  by  the  action  of  nitric  acid. on  glycine 
(Ref  2) 

According  to  Thorpe(Ref  4),  glycine  nitrate  is 
a powerful  expl  resembling  PA  in  its  props.  On 
deton,  it  evolves  a considerable  amt  of  toxic 
carbon  monoxide,  as  is  shown  by  the  equation:  ' 
HaN-  CHa  • COOH  . HNOj  = 2CO  + 3HaO  + Na 
It  has  been  used  with  good  results  in  some  pro- 
pellant compn  s 

Refs;  l)Beil  4,340  2)E.N.  Hornsford,  Ann  60, 
'26(1846)  3)A.P.N.Franchimont,  Rec  2,339 
(1883)  4)Thorpe  2(old  edit  1917), 467 

Nitraminaacetic  Acid  or  Nitroglycine, 

Oa N * HN  - CHa  * COOH,  mw  120.07,  N 23.33%. 

Ndls,  mp  103-4°  {decomp).  Sol  in  ale,  eth 
& acet;  diff  sol  in  chlf,  benz,  ligroin  and 
cold  w.  Was  obtained  from  its  ammonium 
salt,  as  described  in  Ref  2.  Some  of  its  salts 
are  expl,  eg  AgaCaHaNa04 

Refs:  l)Beil  4,575  2)A.Hantzsch  & W. Met- 

calf, Ber  29,16  84  - 5(1896) 

AMINO  ACETOPHENONES  AND  DERIVATIVES 

Aminoacetophenones;  Acetylpheny  I amines 
or  Aminophenacyis,  HjN.C6H4.C0.CHv  Three 
isomers  are  described  in  Beil  14,  41,45,46, 
(364,365,366)  & [28,30] 

Ami  no  acetophenones,  Azido  Derivatives 

C8H8N40,  mw  176.18,  N 31.80%.  One  isomer 
<>- amino  azido  acetophenone  or  O'aminophen- 
aeylazide,  H2  N.C„H4.CO.CH2  .Ns,  crysts, 
mp  66-70  is  described  by  J.H. Bayer  & 

D. Straw,  JACS  75,  1642  & 2684-5(1953). 
Diazocization  of  this  comp  and  treatment, 
w'ith  NaNOj  in  dil  acid  gave  expl  o-  azido - 
phenacyl  azide 

Amino  acetophenone,  Diazido  Derivative, 

C8  I17N70  was  not  found  in  Beil  or  CA 
through  1956 

Mononitraminoacetophenones,  CaK#Na  08. 

The  following  isomer  is  described  in  Beil; 

2-A'itraminoacetopbenone  or  2-Acetylphenyl- 
nitramine,  (02N)HN.C6H4.C0.CH1,  crysts, 
mp  103-4°;was  prepd  from  methylantbranil, 

Na  nitrite  and  HC1 
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Its  silver  salt,(Ot  N)AgN  ■ C6H4  • CO . CH3,  wh 
voluminous  ppt,deflagrates  suddenly  on  heating 
with  evoln  of  yel  vapor 

Re/s:  Beil  16,(401)  2)E. Bamberger,  Ber  48, 

548  & 557-8(1915)  & CA  9,  1780(1915) 

Dinitroomi  no  acetophenone  and  higher  nitrated 
derivs  were  not  found  described  in  Beil  or  CA 
through  1956 

Aminoacridines,  C^HjoN^mw  194.23,  N 14.48%. 

Three  isomers  are  described  in  the  literature.  No 
azido-  or  diazido-compds  were  found  in  Beil  or 
CA  through  1956.  Mononitro-,  dinitro-  and  trinitro 
acridines  are  described  in  the  literature  but  none 
of  them  are  reported  to  be  expl.  If  tetranitToamino- 
acridine  was  known  it  very  likely  would  be  an 
expl  because  its  N02  nitrogen  content  is  ca  15%. 

This  compd  however,  is  not  listed  in  Beil  or  CA 
through  1956 

Following  are  some  refs  on  amino-acridine, 
aminoacridine  nitrate  and  mono-,  di-  & trinitro- 
am  ino  acridine  s 

kefs : l)BeiI  21, [280,  282,  2833  2)Beil  22,462— 
3,(643)  & [376-8]  3)OrgSynth  22(1942), 6 4)J.B. 
Willis,TrFaradSoc  43,97-102(1947)  5)A.Hamj*cn 
& D.Wagrath,  JCS  1949,1008-11  & CA  44,633 
(1950) 

Aminoalcohols(Hydroxyamines;  Alcamines  or 
Alkanolamines)  contain  both  die  amino  - and  the 
hydroxyl  groups  attached  to  different  C atoms, 
usually  adjacent,  such  as:  monoethanolamine  or 
2-aminoethanol  HOCH2  CH2  NH, , diethanolamine 
or  2,2'  -iminodj ethanol  (H0CH2  G12  )2  NH  and 
triethanolamine  (HOCH2CH2  ^N.  Many  amino  alco- 
hols and  their  derivs  are  important  products  of 
commerce  and  some  of  them  serve  for  the  prepn 
of  expls 

Aminoal cohots.  Nitrated  and  Nitrited.  Similar  to 
the  amines,  aminoalcohols  may  be  converted  into 
various  types  of  derivatives  contg  oxynitro  groups. 
Many  of  these  comps  are  expl,  as  for  instance, 
diethanolnitraminedinitrate  (OjNCFCH^CHj^.'N-NOj-, 
diethanol  nitrosaminedi  nitrate  (02N  O*  CH^  ‘CHj^N-NO; 
nitroxyethyleneaminenitrate,  O jNO'CH,  -CHj  hNO} ; 

1, 9-dinitroxypentamethylene-  2 ,4 ,6,8-tetran  itr  ami  ne , 
02N0-CH2'N(NO2)-CH2*N(NO2)2*CH2*N(NO2)-  - 
CR,*N(N02)-CH2-0N02.  The  individual 


nitrated  derivs  are  described  under  the  parent 
aminoalcohol 

Re/s:  l)Sidgwick(1942),41-3  2)Kirk  & Oth mer 
1(1947),  729  3)Hickinbcttom  (1948),  158-60 

Addnl  Refs:  a)Dynamit  A— G,GerP  514,955(1929) 

& CA  25,2739(1931)  (Prepn  of  monoethanolamine 
dinitrate  from  monoethanolamine  or  its  mononitrate 

is  described)  b)Ibid,GerP  516,284(1929)  & CA 
25,3362(1931)  (Modification  of  the  above  patent) 

c) Ibid,BritP  350,2930929)  & CA  26,5423(1932) 

(Prepn  of  mono-  and  dinitrates  of  monoethanolamine. 
Mention  is  also  made  of  triethanolamine  tetranitrate) 

d) Ibid,BritP  357,581(1930)  & CA  26,6141(1932) 

(Prepn  of  diethanolamine  dinitrate)  e)Ibid,BritP 
358,157  ft  CA  26,6141(1932)  [Nitration  of  aliphatic 
amino  alcohols  for  use  as  or  in  expls.  For  instance, 
dihydroxypropylamine,  dipropanolamine,  n-butylmono- 
ethanolamine,  etc  were  nitrated  by  the  method  de- 
scribed in  BritP  357,581(1930)  & CA  26,6141(1932)3 

f) J.3arbi£re,BullFr[5],  7,621-6(1940)  & CA  36,1913 
(1942)  (Nitration  of  aromatic  alkylaminoalcohols) 

g) R.C.Elderfield,  OSRD  Rept  158(1941)  (Expls  from 
hydroxy- and  aminocompds)  h)A.T.  Blomquist, 

OSRD  Rept  4134(1944)  (Nitramine-nitrates  from 
aminoalcohols)  i)J.  Barbi£re,BullFr[5],  11,470—80 
(1944)  & CA  40,2110(1946)  (Nitric  add  esterifica- 
tion and  nitration  of  aminoalcohols)  j)B.L.Zenitz 
ft  it.H.flartungJOC  11,444-53(1946)  & CA  41, 
420(1947)  (Aminoalcohols)  k)P.  Freon  & S.Ser, 

CR  226,1098-9(1948)  ft  CA  42,6770(1948)  (Prepn 
of  aminoalcohols  with  a tertiary  alcohol  group) 

1)A.T.  Blomquist  & F.T.Fiedorek,USP  2,481,283 
(1949)  & 2,485,855(1949);  CA  44,3516  ft  4925—6 
(1950)  (Prepn  and  props  of  some  nitrated  amines 
and  aminoalcohols  suitable  for  use  in  expls  and 
as  plasticizers  for  NC  in  propellants)  m)V. E. 

Haudry,  USP  2,497,548(1950)  & CA  44,4494(1950) 
(Aminoalcohols)  n)S.  A. Ballard  ft  B.P.Geyer, 

USP  2,513,132(1950)  ft  CA  44,10732(1950)  (Amino- 
alcohols)  o)R.E.)lolmen  & D.D. Carroll, J ACS  73, 
1859—60(19513  & CA  46,428-9(1952)  (Synthesis  of 
some  aminoalcohols)  p)A.W.D.  Avi  son,JAppIOiem 
(London)  1,46.9-72(1951)  & CA  46,11109-10(1952) 
(Application  of  LiAlH4  to  the  prepn  of  some  amino- 
alcohols) r)A.T.Blomquist  & F.T.Fiedorek,USP 
2,678,946(1954)  ft  CA  49,4704(1955)  (Nitroxyl- 
alkylnicramines)  s)J.R. Johnson,  A. T. Blomquist  ft 
F.T.Fiedorek,USP  2,683,165(1954)  ft  CA  49,7590 
( 1955)  (Hydroxy alkyl,  alkylenedinitramines  and 
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their  nitrate  esters).  Some  nitrate  esters  are 
suitable  as  nonvolatile  NC  gelatinizers 


Ami  no  alcohols.  Aliphatic,  Nitrated  Deriva- 

ff/fn  I I #4->  a 

■ ■ t vjj  uiv^aii^aucu  uuiiti^  n n uiiu^i  uiv 

direction  of  Prof  A.T.Blomquist  included: 
a.)N-(ft-Nitroxy ethyl )nitT amine,  designated  as 
NENA  b )N’(  fi-Nitroxy  ethyl  pnethylnitramne, 
designated  as  MeNENA  c)N-(fi-Nitroxyetbyl) 

l. . i : -i^ c*\tn\\A 

xn.tjy  t-ft-Lir  xAjfiitvc.  i uuoiguatLu  aa  LtMLMn 

d) N-(^~Nitroxypropyl)methylmtramme,  designated 
as  Me3NENA  e)/V-( {3’ Nitroxy propyl piitramine, 
designated  as  (soMeNENA  f)Dinitraminoisopropyl 
Nitrate  g)Nt  N-Bis(  fi-nitroxy  ethyl  )nttrarmne, 

J - _r _ _ i _ _ n/A7  ^ L\M  A i n_'«/  * r. . . I \ 

utrsignaccu  as  Lsttvsx  ii)ivpn~n>t*\ p-ruiTwyvtvyij 

etbylenedinitrarrdne  and  i)NyN-Bis(fi-nitToxypro(ryl) 

nitr amine 

All  of  these  compds,  with  the  exception  of  a), 

e)  and  f),  were  prepd  by  the  catalyzed  Bamberger 
reaction.  This  reaction,  which  appears  to  be 
generally  applicable  to  the  prepn  of  secondary 
niframinps  is  as  follows: 


-$■  — ACL  0 

TJ  MH  NH  ^ _ R NNO  + H n 

* '3 2 s ^ "2 ~2  2 - 

Cl 

Ref:  A.T.Blomquist  & F,T,  Fiedorek.  OSRD  Rent 
4134(PB  18857X 1944), pp 28-9  (Several  refs  are 
given  in  the  report  together  with  the  description 
of  each  of  the  above  compds) 

Amirtoalkyl guanidines  end  Alkyl  ami  noquanidines. 

Aminoalkylguanidines  are  compds  in  which  an 
amino-group  has  replaced  a H atom  of  the  alkyl 
group  of  an  alkylguanidine(eg,  aminonethyl- 
guanidine  H2NC( :NH)NH  - CH3NH2  , aminoethyl- 
giianidine,  etc),  whereas  alkylaminoguanidines 
are  compds  in  which  one  or  more  alkyl-groups 
have  replaced  a H atom  of  the  amine  group  of  an 
aminoguan  idine(eg,  me  thylaminoguanidine, 

[H2  N • C( : NH)NHaij] 

o: i l f — i :j: a 
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described  together  in  many  papers,  the  refs  given 
in  this  work  in  most  cases  include  both  types 
It  should  be  noted  that  derivs  contg  one  or  two 
alkyls  of  low  molecular  weight(such  as  methyl-, 
ethyl-,  propyl-,  etc)  are  compels  of  high  nitrogen 
content  and  may  he  of  interest  as  components  of 
propellants  and  expls.  Their  nitrated  and/or 


nitrited  derivs  would  be  of  even  mare  interest. 
The  individual  explosive  derivs  are  described 
under  the  parenr  compd 

Below  are  some  refs  to  alkylamino-  and 
aminoaLkyl-  guanidine  s: 


Refs:  l)E.Sttack,ZPhysiolChem  180,198(1929) 

& C A 23, 1880(  1929)  (Prepn  of  l-propyI-3-amino- 
guanidine)  2)G.W.Kirsten  & G.  B.L.Smith  JACS 
58,800-1(1936)  & CA  30,4S2O(1936)(Prem  of 
salts  of  l-methyl-3-aminoguanidine,  1 -ethyl- 3- 
aminoguanidine  and  l-n-butyl-3-aminoguanidine) 
3)J  j.Pitha  et  al  JACS  70,2823(1948)  & CA  42, 
816X1948)  (Prepn  of  diacid  salts  of  1-methyl-, 3- 
siiiinc^u^nidinc)  4)A.H.Grscr  Sz  G«B. L,Snuthr 
JACS  72,874-5(1950)  & CA  45,1958(1951)  (Prepn 
and  props  of  1-methyl-  1-aminoguanidine  and  its 
salts)  5)R.A.Henry  & G.B.L.Smith,JACS  73, 
1858-9(1951)  & CA  46,2502(1952)  (Prepn  of  1- 


rr»o#4-*Tr  l-i-.-nrv,  inAmi 
V I)  * J 
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JACS  74,2981-30952)  & CA  48,9329(1954)  (Prepn 
cf  1-methyl  amino-guanidine  and  its  salts) 


Nitrated  Derivatives  of  Aminoalkyguanidines  end 
of  Alkylaminoguanidines,  Following  are  some  refs 
to  compds  of  this  group  contg  alkyl  groups  of  low 
molecular  weight: 


Refs:  l)R.A.Henry  & G.B.L.  Smith  JACS  73, 

1858-9(1951)  & CA  46,2502(1952)  [From  the  reac- 

cion  betw  raeihylamirie  and  niciuguaniuine  the 
above  authors  isolated,  among  other  products, 

1— methyl— 2— amino- 3 -nit roguanidine.  Its  isomer 
1-methyl- l-amino-3-nitroguanidine  was  prepd  by 
the  interaction  of  methylhydrazine  and  1-methyt'- 
i-nitroso-3~nitroguanidine,  using  the  method  de- 
scribed in  JACS  69,3028(1947)  & 71,1968(1949)] 
2YT.E.  DeVries  & E.St.Clair  Gantz,JACS  76,1009 
(1954)  & CA  48,7995(1954)  (Dissociation  constants 
of  l-methyl-l-amino-3-nitroguanidine)  3)L.A. 
Burkardt,  AnaiChem  28,323(1956)  & CA  50,7540 
(1956)  (X-ray  diffraction  spectra  of  1-amino-l- 
methvl-2-nitroeuanidinel  fThis  corntri  was  annarenrlv 

' u ' ' - 1 rr  _ ~J 

pepd  at  the  US  NavQrd  Test  Sta, China  Lake, 

Calif  but  no  ref  to  its  method  of  prepn  is  given  in 
this  paper) 

Aminoalkyltetrazoles  and  Alkylaminotetrazoles. 

Aminoaikyitetrazoies  are  compds  in  which  an 
amino-group  has  replaced  a H atom  of  the  alkyl 
group  of  an  alky Itetr azole  (eg,  arainomethyltetrazole. 
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Hj  N • Hj  C-C-NH-N  , whereas  alkylaroinotet- 


rszclss  3.rc  co inp^.5  «+i one  or  more  ^|kyl- 
groups  have  replaced  a H atom  of  the  amino  group 
or  an  aminotetr  azole  (eg,  methy  la  min  otetr  azole 
N zzCH-M  ■ NH  • CHj  • 


Inasmuch  as  both  types  of  tetrazole  derivs(when 
they  contain  one  or  two  alkyls  of  low  mw)  are 
high  nitrogen  compds,  they  may  be  of  interest  as 
components  of  explosives  and  propellants 

Below  are  some  of  die  references  to  alkylamino- 
and  aminoalkyl-tetrazoles: 

1)J. Thiele  & H.ingIe,Ann  287, 249-5 3(1895)  (Some 
alkyl  derivs  of  aminotetrazole)  2)J.von  Braun  & 

TO  VolU,  rur  XS  Kt)  q/v  10201  b.  n 07  na/icnaA 

r / ^ — r j / j, 

(Synthesis  of  tetrazole  compds  from  acid  nitriles) 
3)R.M.Herbst  et  al,  JOC,  16,139-49(1951)  & CA  45, 
6629-31(1951)  (18  refs)  (Prepn  of  various  1— 
alkyl— 5— a minotetr azoles  by  the  interaction  of 
aikyicyanides  with  hydra  zoic  acid  in  benzene  so  In 
in  the  presence  of  a coned  acid;  some  props  of 

a llrvr  l^rwiniV.  anij  Siyl^niinOt-tlSZcIcs)  A 

Burkardt  & D.W.  Moore,  AnalChem  24, 1579—85 
(1952)  (X-ray  diffraction  patterns  of  some  tetra- 
zole derivs)  5 )W.G.  Finnegan  et  al,  JOC  18, 
779-91(1953)  & CA  48,7006-8(1954)  (Prepn  and 
isomerization  of  aikyiaminotetrazoies)  6)w.L. 
Garbcecht  & R.M.Herbst,  JOC  18,1003-13(1953) 
(21  refs)  Si  CA  43,8224— 6(1954)  (Prepn  and  rrnns 
of  some  mono^  and  di alkyl-  aminotetrazoles) 
7)R.M.Herbst  & D.F.Percival,  JOC  19,439^10 
(1954)  & CA  49,4636(1955)  (Structure  of  some 
aikyiaminotetrazoies)  8)R.A.Henry  et  al,  JACS 
76,58-95(1954)  6c  CA  49,2427(1955)  (Thermal 

isomerization  of  substituted  aminotetrazoles) 

Q)R.  A, Henry  to  W.G-  Finnegan,  I ACS  76,923— 6 
(1954)  & CA  49,10939(1955)  (Monoalkylation  of 
sodium  5-amino  tetrazole  in  aq  medium)  10) 
IhidJACS  76,926-8(1954)  & CA  49,10940(1955) 

(Prepn  of  some  alkyl-  and  aryl-  aminotetrazoles) 

i t vr»  4 t t - I T A S-'C'  *T/  ft/ 1 Ae  / \ o.  C'  A 

ujA.n.ncuiy  ai,jnw  fv1z.oyi-t“~c\±yj*tj  oc  wi 

49,10274-6(1955)  (1,3-and  1, 4-dialky  1-5-amino- 
tetrazoles)  12)K.Hattori.  E.Lieber  & J.P.Hor- 
witzJACS  78,411-15(1956)  & CA  50,12993^1 
(1956)  (Prepn  of  some  aikyiaminotetrazoies) 


(See  also  Aminomethyltetrazole,  Aminoethyitetra- 
zole,  etc) 

Am  i no  olkyltri  azoles  and  Alkylaninotriazoles. 

Aminoalkyltriazoles  are  compds  in  which  an 
amino-group  has  replaces  replaced  a H atom  of  the  alkyl 
group  of  oTi  aikyluiaZolc(cgj  am  iriQCthy Itr 
whereas  alkylaminotrlazoles  are  compds  in  which 
one  or  more  alkyl-groups  have  replaced  a H atom 
of  the  amino  group  erf  an  aminocriazole(eg, 
methylaminotriazole) 

Inasmuch  as  both  types  of  triazole  derivs(when 
conrg  one  or  two  alkyls  of  low  mw)  are  high- 

n a^r/x^wsn  i'/v  ri  oi  r motr  Ua  rv  ( infArACf  ae 

M*lAV6Vl.  ^ V'  ~~  

ponents  of  expls  and  propellants 

Below  are  some  of  the  references  to  alky  lam  in  o- 
and  aminoalkyl-triazoles: 

1)J.C. Sheehan  & C.  A.  Robinson  JACS  71,1437 
(1949)  & CA  43,6620(194 9)  (Synthesis  of  some 
triazole  compds)  2)C. Ainsworth  & R.G Jones, 

JACS  76,5651— 40 954)  & CA  49,1378-80(1955) 

(Prepn  of  nine  new  3-aminoalkyl- 1,2,4-triazoles) 

3)C.  Ains'^rth  & R,G.  Joii6s,JACS  77^21 4 

(1955)  & CA  50,1785(1956)  (Prepn  of  some  amino- 
triazoles)  4)J.H.  Boyer  & F.C.  Can  ter,  JACS  77, 
1280-1(1955)  & CA  50,1786(1956)  (Prepn  of  some 
alky loxarri azoles)  5)R.G.Jones&  C. Ainsworth, 

JACS  77,1538— 40(1955) « CA  56,1784(1956) 

(Prepn  of  some  triazole  derivs)  6)R.GJones  & 

C.  Ainsworth.  USP  2,710,296(1955)*  CA  50,5768 
(1956(  (Substituted  triazoles) 

(See  also  Aminoethyltriazole,  Aminomethy Itr i azole 
and  Aminodimethyltriazole) 

1- Amino-5*  al  I ylamino-a- tetrazole  (Called  Amino- 1- 
allylamino-5-tetrazol  by  Stolle),  CH2  :CH  ■ CH.,  *NH- 
-C-N(NH2)*N,  mw  140.15,  N 59.97%.  Lt  yel  ndls, 

ii  ii 

N N 

mp  94°.  W as  obtained  in  poor  yield  by  Stolle  et  al 
starting  from  allylthiosemicarbizide,  NaNs  and 
PbOj(Ref  2,p  220).  Although  the  compd  is  nor  an 
expl,  yet  as  a high  nitrogen  compd  it  may  prove  to 
be  useful  as  an  ingredient  of  propellants 
Refs:  1) Bel  I— not  found  2)R.  Stolle  « E.Gaertner, 
JPrChem  132,212  & 220(1932)  3)F.R. Benson, 

ChernRevs  41.16(1947) 

Note:  No  azido-  or  nitrated  derivs  of  1-allylamino- 
a-tetrazole  were  found  in  Beil  or  CA  through  1956 
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Aminoaminotetrazine.  Same  as  Diaminotetrazine 
Aminoaminotriazine.  Same  as  Diaminotriazine 
Ami noaminotri azole.  Same  as  Diaminotriazole 

Ami  noaniline.  Same  as  Phenylenediamine,  also 
called  Diamino  benzene 

AMINO  ANISOLES  AND  DERIVATIVES 

Aminoanisotes(Anisidines,  Methoxyaminobenzenes 
or  Aminophenolmethyl  Ethers),  H2N  • C6H4  ♦ OCHs, 
mw  123 — 15»  N 11,37%.  Three  isomers,  o-,  p-  and 
m-  exist  and  they  are  described  in: 

Beil  13,358,404,  435,(108,  129,  145) & [165,  211 
& 223] 

Aminoctni  soles,  Azido  Derivatives,  C7HsN40  - 
were  not  found  in  Beil  or  CA  through  1956 

Amino ctnisoles,  Di ctzido  Derivatives,  QH,N70  — 
were  not  found  in  Beil  or  CA  through  1956 

Mononitroaminocmisoles,  H,  N(02  N)  • QH,  ♦ 0CH„ 
mw  168.15,  N 16.66%.  Ten  isomers  are  described 
in  Beil  13,388-90,  421-2,  520-1,(121,  136-7, 

186)  & [191-2,  194-5,  215—16,  284  & 286]  (See 
also  CA  42,1481,  3968c,  7053d,  8175h  & 8790a) 

Nztrflffii«oafJzso/es,(OjNHN)C6H4  • OCHs  — not 
found  in  Beil 

DinitroaminoanisoleSy  H2N(02N)2  *CeHa  -OCHj, 
mw  213.15,  N 19.72%.  Ten  isomers  are  described 
in: 

Beil  13,393-5,  423—4,  525,  527-9,(122,  137,  IBS- 
90,  193)  & [196,  290,  2931 

DinitTonitraminoanisoles,  (02  NHN)(02N)j  • CgH2  • 
OCHj  — Not  found  in  Beil  or  CA  through  1956 

Trinitroaminoani  soles;  Metho xy- tr ini troami noben- 
zenes or  Trinitroani  si  dines,  H2N(02N)j  *C6H-  OCH,, 
mw  258.15,  N 21.71%,  OB  to' CO,  -62.0%,  OB  to 
CO  -18.6%.  The  following  isomers  are  described 
in  the  literature: 

2,4,6-Trfnitro-3-aminoanisole  or  3-Methoxy-2,4,6* 
trlii  itroami  no  benzene,  0,  NC-C(0CHs)  = C • N02 

11  1 

HC-ONO.)  = C-NH, 

Lt  yel  crysts(from  abs  methanol), ^mp  131°;  ex- 
plodes at  238  or  254°  (Note).  Can  be  prepd  either 


by  boiling  tetranitroaniline  with  methanol  or  by 
boiling  trinitro-m-dich lorobenzene  first  with  Na 
or  K alcoholate,  then  with  ammonia.  Impact  sensi- 
tivity with  the  Kast  app,  max  fall  for  no  detona- 
tion using  a 2kg  wt  > 60cm  vs  49cm  for  tetryl  and 
using  10kg  wt  > 24cm  vs  14cm  for  tetryl(Ref  4, 
pp  174-5);  Trau2l  test  250-260cc  and  thermal 
stability  at  95°  — no  change  in  30  8-hr  days 

Note : The  expin  temp  of  238°  was  detnd  by  heating 
the  sample  at  the  rate  of  5°/ni*n,  *hile  a temp  of 
254°  was  obtained  on  hearing  at  the  rate  of 
20°/min(Ref  4) 

Refs:  l)Beil  13,(140)  & [217]  2)B.J.Flurscheim, 

BritP  18,777(1911)  & CA  7,1100(1913)  3)C. 

Claes  sen  ,GerP  288,655(1913)  & CA  10,3162(1916) 
4)CF.van  Duin  & B.C.R.van  Lennep,  Rec  39,150, 

170  & 174-5(1920)  & CA  14,2708(1920)  5)A.H. 
Blatt,OSRD  2014(1944) 

2.3.5- Trinitro-4-cniinoanisole  or  4-M  ethoxy- 2, 3, 6- 
trinitroami  no  benzene,  HC-C(OCHj)=C.  N02 

II  I 

0,N.C-C(NH2)=  c-nq 
Red  crysts(from  ale  or  water),  mp  114—120°  or 
126—128°,  when  finely  pulverized.  Easily  sol  in 
acet  & NB,  sol  in  benz  & eth.  Can  be  prepd  by 
s aponi fying  2,3,5"trini tro-4-chlor o ace t am ino an i sol e 
or  by  several  orfier  methods  listed  in  Ref  1.  Its 
expl  props  were  not  detd 

Refs:  l)Beil  13,532,(195)  & [2943  2)R.Reverdin, 
Helv  6, 92(1923)  3)Dbid  9,796(1926)  4)H.F;J. 
Lorang, Rec 46, 638(1927)  & CA  22, 230(1928) \ 

2,3,^Trinitro-4-oninoonisole  or  4-Mefhoxy- 

2.3.5- trinitroaminobenzene,02N  • C-C(OCHj)=C*N02 

11  1 

HC-QNH3  ) = C ■ N02 

Red  crysts(from  ale),  mp  138—139°.  Can  be  prepd 
by  saponifying  2,3,6-trinitro-4-acetaminoanisole 
with  coned  H,S04  at  105°.  Its  expl  props  were  not 
reported 

Refs:  l)Beil  13,(197)  2)R.Meldola  & H.Kuntzen, 

JCS  97,456(1910)  & CA  4,2108(1910) 

Tr initTonitraminoani so les— not  found  in  Beil  or  CA 
through  1956 
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Aminoanisole.  Analytical  Procedures  are  dis- 
cussed in  OrgAna lysis  3(1956),  184 

Aminnnnfki'nrMA.  Same  ss  Anthrsniinc 


AMINO  ANTHRAGUINONES  AND 
DERIVATIVES 


Aminoanthraquitiones,C6H4 


CO 

( /C.H.-NH,, 


raw  223.22,  N 6.28%,  are  described  in  Beil  14, 
177.  191,(436.449)  & T99.  1071 


Amino  ant  braquinones,  Azido  Derivatives, 

14  M n Of  PrP  n At  irk  I ap  C"  A 

^■14  * * ~~ 

through  1956 

Ail  e Hi  Oy* tig  O ^ 

C,4H7N702  — were  not  found  in  Beil  or  CA 
through  1956 

Monorzz/ro<2mZ7ZO£Zn/£rtfij,uznorte,s,C,4H5NJ  04, 

mw  268.22,  N 10.45%,  ate  described  in  Beil 
14, 187-9,  195-6,(447-8,458-9)  & [105-6, 
117] 


CO 

...  _ \ 

l\ itr amino anthraquinone s , CgH4  C6H3  • - 

\ / 

CO 

NHN02,  mw  268.22,  N 10.45%,  are  listed  in 
Beil  16,671,(401)  & [348] 

Note:  One  of  the  compds,  2’nitraminoantbraqm- 
none,  patented  by  the  ChemFabrik  Griesheim- 
Elektron,  SwissP  62,348(1912)  & CA  8,2263 
(1914),  was  reported  to  expl  at  206°.  It  is  a 

_ l l _ t.  • _ J 1 * . _ 

yci  powucr  opcamcu  Dy  tr  eating  an liii  akjui  uisue* 

2-isadiazotate  with  an  oxidizing  agent 

DtnitroaTninoantbraquinanestCt4ii7NaG6 , mw 
313.22,  N 13.42%  are  listed  in  Beil  14,190, 

itv?  ®,  TirvCl 

*✓'  »»  l*wj 

Nitronitraminoantbraquinone s , C14H,N308, 

11  -1  A-l  K1  11  l "Sry+  Th«  £-  1 1 l I »_.**  **~~* 

U1W  AilC 

are  listed  in  the  literature: 

2(?)-N-Nttro- l-nirraminoanthraquinone, 


CO 

C,H,  ^ ^CsH1(N0I)NHN01.  Lt  bm  ppt 
CO 

obtd  by  treating  its  Na  salt(see  below)  with 
dil  HC1;  expl  at  149-50°  on  rapid  heating 
and  10—15°  lower  if  slowly  heated.  Its  Na 
salt  was  obtained  by  slowly  adding  10  g 
aminoanthraquinone  to  100  cc  HN03(d  1.50) 
at  —10°,  stirring  for  1%  hrs  and  treating  the 

!..* * aa/w  /^r r /'n/*\v_  t/  _ f f_ * -.£ 

iLIIAL  WiUl  ^U7o  I C1“UU1  1-1.  y aw  U4 

the  Na  salt  separate  out 

Refs:  l)Beil  I6.[348l  2)E.Terres,  Mon- 

atsh  41,603-12(1921)  & CA  15,3835(1921) 


4-N  itfO- 1 -n !tf?™ ! nnanfkrnruj  t no  no 

CO 

C.H  ^ C.H  f-NO.  MHNO  . I r uni  nowd 

* i ~ * i ’ j ~~  r-  —y 

CO 

pxnlg  c?  117°;  in  sol  in  w,  sol  in  sq  NaQH 
soln  Sc  coned  H2  S04.  Can  be  prepd  by  treat- 
ing 1-nitraminoanthraquinone  with  HNOs(d 
1.50) 

Refs:  l)BeiI  16,679  2)Htichster  Farbw  , 

/~i *~r ionr  ¥ 

VyUCIllijU  l/UJ  1, 


3-N  it  ro-2-ni  tram  inoanthraqui  none, 

Z*' 

CsH4  / ^ CtHj  (NOj  )NHN02 . Ltyel  powd, 

CO 


explg  at  180-291°,  depending  on  the  rate  of 
heating;  si  soi  in  acet  Sc  NB,  soi  in  coned 
Ha  S04  & in  alkalies,  insol  in  other  org  sol- 
vents. Can  be  nrend  hv  treating  2-amino- 
anthraquinone  with  HN03(d  1.50)  plus  some 
urea  at  below  -10°.  Its  Na  salt  expl  when 
heated  over  an  open  flame 
Refs:  Beil  16,679  & (401)  2)R. Scholl  et 


Dinitron»traminoanthraquinones,Cl4HgN408, 

mw  358,22,  N 15  = 64%;  OR  to  CO.  -102.7%. 
The  following  isomers  are  described  in  the 
literature: 


2,4-Dinitro-l-nitromino-anthraquinone, 

CO 

C6H4  ^ ^ CgH2  (NO,  )2  NHNOa . Lt  yel 
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rrucfc  mr\  AVh  1 r 1 J7 1^0° 

— j w — , *■“  r ~ — r ■4-  v>*  - “i 

heating,  decomp  ca  100°  on  slow  heating, 
sometimes  expl  when  treated  with  a small 
amt  of  coned  H2  S04;  diff  sol  in  org  solvents 
of  low  bp.  Was  prepd  by  treating  its  Na  salt 
with  dii  HCl.  The  Na  salt  was  obtained  in 
the  same  manner  as  theNa  salt  of  2(?)-N- 

r*1  I ► r/Vai  I n /n  • A Lr\»v  A \ K*  r 

UA14  1/  X UUtUIUAllVUllUJiU^UAIlU»».^U|A*VV  ^ K*J 

prolonging  the  reaction  at  -10°  to  2 hrs  and 
then  continuing  for  15  hrs  at  0° 

Refs:  l)Beil  16,1348]  2)E.Teires,  Montasn 

41,603-12(1921)  & CA  15,3835(1921) 

l,3-Dinitro-2-nitramino-cmthraquinone, 

CO 

C6H4  / ^C6H(N02  )2  NHN02 . Lt  yel  ndls, 

explg  ca  99°;  sol  in  acet  and  some  other 
org  solvents.  Can  be  prepd  by  treating  2- 
amino  an  thra  quin  one  with  HNOs(d  1.52)  at 
35-40° 

Refs:  l)Beil  16,679  2)R.  Scholl  et  a 1, 

Ber  37,4436-7(1904) 

Trinitroaminoantbraquinones,  C14H6N404, 
mw  358.22,  N 15.64%  and  higher  nitrated 
derivs  were  not  found  in  Beil  or  CA  through 
1956 


_mw  146.12,  N 57.52%-  Orange-red  ndls  with 
a bluish  surface  luster,  mp  — decorop  explo- 
sively ca  184°;  si  sol  in  cold  w,  sol  in  hot 
w,  nearly  insol  in  usual  org  solvents.  Can 
be  prepd  by  treating  an  aq  soln  of  dihydroxy- 
quanidine  hydrobromide,  HO  ■ In  : C(NHa  )• 

NH  • OH  + HBr,  under  strong  cooling  with  an 
a q so  In  of  N aOH 

On  heating  with  di  1 HCl,  aminoazaurolic 
acid  partly  decomp  and  also  forms  a deriv 
of  tetrazine,  isonitrosoaminodihydrotetrazine 
hydrochloride  N:N 

HN:C/  VvC:N-0H  + HCl 

\ / 

NH  ■ NH 

Refs:  l)Beil  3,121  2)H.WieIand  & H. Bauer, 

Ber  40,1683-7(1907) 

AiijikjQ ajoB EN2ENES  AND 
DERIVATIVES 


or  Benzeneazoanilines, 

r H _ .NN.T  H .NH  mw  107  9V  N 91  IIS'- 

w«""4  2 * — ■ ' 

exist  as  three  isomers  of  which  the  para(4)  — 
isomer  is  of  interest  because  it  forms  salts 
some  of  which,  such  as  die  picrate(Rel  1,  p 
311)  and  the  percblorate{ Ref  3)  are  explosive 


Aminoarylguonidines;  Arylomino guanidines; 
Aminoaryltetrazoles;  Arylominotetr azoles; 
Aminoory Itriaiole s and  Arylaminotriazofes 

are  compds  similar  to  aminoalkylguanidines, 
alky lamino guanidines,  etc  except  that  they 
contain  aryl-groups  instead  of  alkyl-groups 

t . 11.  1 . ..  1 J * — — 

mere  are  aisu  aiAyiaryi  u ui 
amino-guanidines,  tetrazoles  and  triazoles 
Some  of  these  compds  are  described  indi- 
dividually,  such  as  aminobenzohydroxytria- 
zole,  aminobenzotriazole,  amino  be  nzyltetra- 
zole,  aminoethoxyphenyltetrazole,  amino- 
methoxyphenyltetrazole  and  aminophenyl- 
tetrazoie. 

Refs  — see  under  the  individual  compounds 
mentioned  above 

Aminoazaurolic  Acid(Amidoazaurols'dure, 
in  Ger),  H,N  • C(NO  ) : N • NH  • C(:N0H) • NH,  , 


4-(or  p-)  Aminoazobenzene  exists 

as  yel  inonoci  crysts,  mp  125—127°,  v si  sol 
in  hot  w;  more  sol  in  eth  and  hot  ale.  Many 
methods  for  its  prepn  are  listed  in.  Ref  2,  Its 

Q*  was  reported  as  7983*7  cal/g(Ref  4)  and 

1C11  “7  1 - _ ..  I / _ I/ti  _ r T'  - . t 

xjt  j*t  M.ai/  mui^cx  x y>  iLjvi)*  rire  naz- 

ard  and  toxicity  are  unknown.  When  heated 
to  decompn,  it  emits  toxic  fumes(Ref  5) 


Refs: 

ivn.!! 

^DCll 


l)Beil  16,303-11,(308-9)  & 147-8 
16,307(310)  k [149j  3)C.  j.S.Lunds- 


gaatd,  BritP  163,946(1920)  & CA  16,165(1922) 
4)Swientoslawski  & M.Popoff.  JChimPhys  22, 
395(1925)  & CA  20,326(1926)  5)Sax(1957),  ’ 
267 


Note:  R.L.Datta  & N.R.Chatterjee,  JCS  115, 
1008(1919)  reported  that  aminoazobenzene 
exploded  at  598° 
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Aminoazobenzenes,  Azido  Derivatives , 

CI3!  Hl0N#  — were  not  found  in  Beil  or  C A 
through  1956 

Aminoazobenzenes , Diazido  Derivatives, 
CiaH9N9  — were  not  found  in  Beil  or  CA 
through  1956 

Monon itro am inoazobenzenes  ,Ct3  H>0N402  , 
raw  242.23,  N 23.13%-  Five  isomers  are 
listed  in  Beil  16,311,(310)  & [151,178]; 
without  indicating  whether  they  are  explo- 
sive or  not 

Nitronttraminoazobenzen es , Cl3  HaNs  04, 
raw  287.23,  N 24.38%,  not  found  in  Beil  or 
CA  through  1956 

Din  itro  aminoazobenzenes , Cia  H9Ns04, 
raw  287.23,  N 24.38%.  The  following  isomers 
are  listed  in  Beil  16,342  & (309),  without 
describing  their  expl  props: 

2, S'  • Dinitro~4mominoazobenzene , Oa  N - C6H4 
-N:N-C6Ha(N0a  )NH3 , yel  pdr;  mp  175-6° 
(decomp) 

4,6-Dinitro  -3-aminoazoben zene , CttH$  ~N:N 
-C6H1(N0a)aNHa , red  ndls,  mp  200° 

Dinitronitraminoazobenzenes , C12  H8N606, 
raw  332.23,  N 25.30%;  Trinitro aminoazoben- 
zenes, Cl4H,NaO<t  raw  332.23,  N 25.30%  and 
T etranitroam inoazobenzenes , Cia  H7N70„ 
raw  377.24,  N 26.0%  were  not  found  in  Beil 
or  CA  through  1956 

Armnoazobenzoditriozole.  See  Aminoazo- 
benzotriazole 

AMINO  AZOB  E NZOTRI AZOL  E 
AND  DERIVATIVES 

Aminoazobenzotriazoles  or  Am inoditri azole- 
azobenzenes  are  compds  of  the  general 
formula  TrC6Hs-N=N-CeHa  (NHa  )Tr,  where 
Tr  is  a triazole  radical 

A high -nitrogen  compd  with  the  empirical 
formula  C^jH^N,,  raw  279.26,  N 45.15%,  Is 
listed  in  Beil  as  5-Amino-(4>y  -azobenztri- 
azole)  and  its  formula  is  given  as: 


N 


N- 


C—  CH— C— N— N 


1 


"NH — C—CH=CH  HaN  - C=C-C--1\ 


.N. 


HC=CH-'C-NH 
In  this  formula,  the  connections  of  the  azo- 
groups are  made  at  positions  4 and  5'  and  not 
at  positions  1 and  1’  , as  is  customary.  By 
placing  the  azo  nitrogens  in  positions  1,1’ 
and  rewriting  the  above  formula  as  is  pro- 
posed in  our  nomenclature,  we  obtain  the 

formula  , 

r N;N 1 

Ha  N • C=C C— HC—  C=CH 


HC=CH- — C-NH 


C— C— CH 


N NH 

V 

and  die  name  2'  Amino-4,3‘y  ,6*  - ditriazole 
•azobenzene , yel-brn  leaflets,  mp  > 300°. 

Can  be  prepd  by  treating  an  aq  so  In  of 
5-aminobenztriazole  hydrochloride  with  NaNOa 

Refs:  l)Beil  26,342  2)R.Nietzki  & R.Prinz, 

Ber  26,2958(1893)  3)K.Fries  & J .Empson, 
Ann  389,349-50(1912) 


Aminoazobenzotriazoles,  Azido  Derivatives, 
C,aHsNia , — were  not  found  in  Beil  or  CA 
through  1956 

Aminoazobenzotriazoles,  Diazido  Derivatives, 
ClaH,N„  — were  not  found  in  Beil  or  CA 
through  1956 

Nitraminoazobenzotriazole,  C^H^N^Oj,  and 
higher  nitrated  derivatives  were  not  found  in 
the  literature  through  1956 

AMINO  AZOXYBENZENES 
AND  DERIVATIVES 

Aminoazoxybenzenes,  CftHs  ■ (Na0)*C6H4” 
NH, , raw  213.23,  N 19.71%.  Several  isomers 
are  described  in  Beil  16,654  & [338—9] 


Aminoazoxybenzenes,  Azido  Derivatives, 
CUH ,0N&0  — were  not  found  in  Beil  or  CA 
through  1956 


Aminoazoxybenzenes , Diazido  Derivatives, 
CiaH„N90  — were  not  found  in  Beil  of  CA 
through  1956 


A186 


3*  -Nitro-3-amfno-azoxybenzene,  02  N.C6H4- 
(N20)*C4H4.NH2  , mw  258.23,  N 21.70%. 

Was  obtained  by  reduction  of  3,3*  -dinitro- 
azoxy benzene  by  hydrogen  in  the  presence 
of  Pt  black  in  ether(Ref  2).  Its  expl  props 
were  not  described 

Refs : l)Beil  16,(338]  2)G.Cusmano,  Ann- 

ChiraAppl  12,129(1919)  & C A 14,1315(1920) 

Note : No  higher  nitrated  derivs  of  aminoazoxy- 
benzenes  were  found  in  Beil  or  CA  through 
1956 

AMINO BENZ ALDEHYDES 
AND  DERIVATIVES 

Aminoben zaldehydes,  H2 N • C6H4  • CHO,  mw 
121.13,  N 11,56%.  Three  isomers,  o-,  m-, 
and  p-,  exist  and  are  described  in  Beil  14, 

21,  28,  29,(356,359)  and  [21-2] 

Note:  Prepn  of  o- amino  ben  zaldehyde  is  de- 
scribed in  OSRD  Rept  739(1942) 

Amino  ben  zaldehydes,  Azido  Derivatives, 
C7H6N40  — were  not  found  in  Beil  or  CA 
through  1956 

Aminobenz aldehydes,  Diazido  Derivatives, 
CtHsN70  — were  not  found  in  Beil  or  CA 
through  1956 

Mononitroaminobenzaldehydes,  H2  N(02  N)  — 
C4Hj-CHO,  mw  166.13,  N 16.86%.  Several 
isomers  xe  described  in  Beil  14,28—9,39, 
(364)  & [21,27] 

Nitraminobenzaldebyde,(02N • HN)C6H4  - CHO, 
mw  166.13,  N 16.88%.  Its  isomer,  2-Nitramino - 
benzaldehyde  is  described  in  Beil  16,(400) 

D i n itro  ami  no  ben  z al  dehyd  e s,  HaN(04N)a- 
CfiHj'CHO,  mw  211.13,  N 19.90%.  Follow- 
ing isomer  is  described  in  Beil: 

3,5-DinitrO‘4mGminobenzaldebyde.  Yel  crysts 
(from  ale),  mp  171°;  easily  sol  in  chlf,  bz, 
AcOH  and  et  acet;  diff  sol  in  eth  and  pet 
eth.  Can  be  prepd  by  treating  3,5_dinitroanis- 
aldehyde  with  alcoholic  NH3  or  by  nitrat- 
ing (4-airinobenzai)aniline  with  mixed  HNO,- 
H2  S04  at  not  higher  than  5—6°.  Its  expl 


props  were  not  investigated. 

Refs:  l)Beil  14,40  & [28]  2)M.P.DeLange, 

Rec  45,48(1926) 

Dinitronitraminobenzaldehyde , (02N  ■ HN)- 
(02N)2C6H2  - CHO  and  higher  nitrated  deriva- 
tives were  not  found  in  Beil  or  in  CA  through 
1956 

AMI  NO  BENZ  AMIDES 
AND  DERIVATIVES 

Am  i no  ben  zam  id  es(  Aminoben  zo  saure-am  id, 
in  Ger),  H2N  ■ C6H4.C0*NH?.Seve  ral  isomers 
are  described  in  Beil  14,320.  390,425,(531, 

559) & [210] 

Amino  ben  zam  ides,  Azido  Derivatives , 

C,H7N50  — were  not  found  in  Beil  or  CA 
through  1956 

Aminoben zamides,  Diazido  Derivatives, 

C7H6N90  — were  not  found  in  Beil  or  CA 
through  1956 

Nitr amino benzamide,  02NHN  • C6H4  • CONHa 
— not  found  in  Beil 

Nitroaminobenzamide , H2  N * C6H3(N02  ) ♦ CONH2- 
Several  isomers  are  described  in  Beil  14, 
376,415,441  & [272] 

NitTonitraminobenzamide,  02NHN  • CsH3(N02)~ 
CONH2 , mw  226.15,  N 24.78%  . Not  found  in 
Beil 

Dinitroaminobenzomide,  H2N  ■ C4H2(N02  )a— . 

CONH2 , mw  226.15,  N 24.78%.  The  following 
isomers  are  described  in  the  literature: 

3, 5- Din  itro- 4-  ominoben  zomide,HC=C(CONH2  )-CH 

I II  • 

02NC=C(NH2)- — C-NC 
Yel  ndls,  mp  252°;  sol  in  hot  NB  and  less  sol 
in  ale.  Was  prepd  by  warming  4-chloro-3,5' 
dinitrobenzoyi  chloride  with  coned  NH4OH(Ref  2) 
or  by  bubbling  a current  of  dry  NH3  through  an 
etheral  soln  of  4-fluoro- 3, 5 -dinitrobenzoyi  chlo- 
ride(Ref  3).  Its  expl  props  were  not  investigated 

Refs:  l)Beil  14  [273]  2)H.Lindemann  & W. 

Vessel, Ber  58,1224(1925)  & CA  19,2824(1925) 

3)H. Goldstein  Si  A.Giddey,  Helv  37,2087(1954) 

& CA  50,241(1956) 


A 187 


3.5- Din  itro-2- am  inobenzamide, 

HC=T(CONH.)-C-NH3. 

I l| 

o2n.c=ch — — c-no2 

Yel  ndls,  mp  278°(Ref  3)  or  284°(Ref  2); 
sol  in  acet  & AcOH,  si  sol  in  ale,  eth,  benz 
& w.  Can  be  prepd  either  by  warming  2- 
chloro-3,5'dinitro benzoyl  chloride  with  coned 
NH4<3H(Ref  2)  or  by  bubbling  a current  of 
dry  NHj  through  an  ethereal  soln  of  2-fluoro- 

3. 5- dinitro benzoyl  chloride(Ref  3).  Its  expl 
props  were  not  investigated 

Refs:  l)Beil  — not  found  2)J .Blanksma  & 

G.Verberg,  Rec  53,994-5(1934)  & CA  29,462 
(1935)  3 )H. Goldstein  & A.Giddey,  Helv  37, 
1126(1954)  & CA  49,10231(1955) 

D ini  tronitr  ami  no  benz  amide,  02N  -NH— CfiH2 
(N02)2  ■ CONH2 , mw  271.15,  N 25.83%,  and 
higher  nitrated  detivs  were  not  found  in 
Beil  or  in  CA  through  1956 

Aminobenzazides  and  Nitrated  Derivatives. 

See  under  Aminobenzoic  Acids  and  Deriva- 
tives 

6-Amino-benzaztmidole  or  2' -Amino-l-hydroxy- 
IK-benxo-triozole.  See  (2,-Aminoben2r>)-5,  ,6'  :4.5'- 
( 1-hydroxy  )-vic-triazole 

Aminobenzene.  See  Aniline 

Aminobenzeneorsonic  Acid.  Same  as  Amino- 
phenyl  arsonic  Acid 

1- Amino  ben  zene-4-diazonium  Hydroxide  or 
Anil t no-4- diazonium  Hydroxide ^N'QH^Nj.OH, 
mw  137.14,  N 30-64%.  It  is  known  in  the  form 
of  salts  of  which  the  hydrochloride,  H2N  •“ 
CeH4*N2-Cl +HaO,  may  serve  as  a starting 
material  for  the  prepn  of  other  salts,  some 
of  which  are  explosive.  Chromate,  H2N*~ 
C6H4*N3-0'CiOjH,  N 17.7%.  Red  crysts 
(from  water)  explodes  violently  ca  160°  ; 
insol  in  ale  and  sol  with  darkening  in  gla- 
cial AcOH.  Can  be  prepd  either  by  adding 
chromic  acid  to  an  a q soln  of  the  hydrochlo- 
ride or  by  treating  p-phenylene  diamine  (sus- 
pended in  dil  Hj  S04)  with  the  ealed  amt  of 
NaN02  followed  by  adding  coned  Na2Cr207 
soln.  Picrate,  H2N  ■ C6H4  • N2  • 0 ■ C6Hj(N02  )„ 

N 24.1%.  Glistening  plate s(from  ale),  ex- 
ploded at  160°  or  burned  rapidly  but  quietly 


on  a heated  spatula.  It  is  sparingly  sol  in 
boiling  ale  or  acet.  Can  be  prepd  by  mixing 
an  aq  soln  of  the  hydrochloride  with  PA 
Refs:  l)Beil  16,602  & [306]  2)R.Meldola 

& L.EynonJCS  87,2-3(1905)  3)W.H.Gray, 
JCS  1926,3178-9 

Aminobenzenephosphonic  Acid.  Same  as 
Aminophenylphosphonic  Acid 

Aminobenzenyloxytetrazotic  Acid  Methyl 
Ether,  H2  N • C6H4  ■ C:N4  * O ■ CHS,  mw  191. 19, 
N 36.63%.  Ndls(from  w),  rap  110°  and  de- 
flagrates at  higher  temps.  Very  sol  in  ale  & 
eth.  Was  prepd  by  reduction  of  methyl  ether 
of  nitrobenzenyloxytetrazotic  acid  with 
SnCl2  in  HCl 

Refs:  l)Beil  9,332  2)W.Lossen  & F. Fuchs, 

Ann  298,66(1897)  & JCS  74,83(1898) 

Note:  The  position  of  NH2  was  not  indicated 
in  the  above  refs  and  no  later  ref  was  found 

AMINOBENZIMIDAZOLES 
AND  DERIVATIVES 

2-Aminobenzimidazole(Benzimidazolonimid 
or  N,N-o-Phenylenguanidin  in  Ger) 

NH  N 

< ^>C:NHorC^C"  ■ NHa , 

NH  NH 

mw  133.15,  N 31.56%.  Ndls(from  w),  mp  222- 
224°;  v sol  in  ale  & acet,  sol  in  w,  diff  sol 
in  eth  & benz.  Can  be  prepd  by  prolonged 
treatment  of  o-phenylenediamine  with  cyano- 
gen bromide  in  water  or  by  other  methods. 
Some  of  its  salts  are  explosive:  nitrate 
C7H7Ns.HNO„  mw  196.17,  N 28.56%. 
ndls(from  w),  mp— expl  ca  225°;  picrate , 
C7H7Ns  + C4H,N307,  mw  326.26,  N 23.20%, 
mp— decomp  explosively  ca  270° 

Refs : l)Beil  24,116  & (240)  2)P.Pierron, 

Ann  Chim(Paris)[8]l5,189  & 193(1908)  & 

CR  151,1365(1910)  3)C.Pellizzari  & A. 
Gaiter,  Gazz  48  11,173(1918)  & CA  13,1584 
(1919)  4)IG  Farbenind,  FrP  773,944(1934) 

& CA  29,2177(1935)-  GerP  617,544(1935)  & 
CA  30,734(1936)  (Prepn  of  2-amino-ben  zi- 
midazole)  5)G.Bruto  Crippa  et  al,  Gazz  65, 
38(1935)  & CA  29,4007(1935)  (Discussion  on 
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methods  of  prepn  of  2-aminobenzimidazoies. 
The  methods  of  Pierron  and  Peliizzari  & 
Gaiter  are  considered  best 


A(o r of  4-Amino- T 3- 

bonzodiazole,  HiN(  CsHj  ^xiH  . Crysts, 

^NH 

mp  120—121°.  Was  prepd  by  condensing 
1,2,3‘triaminobenzene  with  formic  acid,  simi- 
lar to  the  method  Woolley  used  for  the 


_£  c//T  \ 

v,»  -'vw 


picrate  C7H7N3  * C6H3N307,  obtained  by  crystsn 
from  w as  orange  colored  needles,  decomp  ca 
250° 


D*>/e  ■ 


Want.Rec  67,45-51(1948)  & CA  42,5020(1948) 


5(or  6)- Amino  benzimidazole  or  5*Amino»1,3* 


NT. 


benzodiazole,  H2N-  ^CH  . Crysts, 

^NH 


mp  108,5— 109°.  Was  first  obtained  by  Woolley 
(Ref  1)  by  the  condensation  of  1,2,4-triamino- 
benzene  with  formic  acid,  fie  reported  die 
mp  of  the  resulting  compd  as  105—106°.  Van 

J wj ./r>  r o \ 1 „„  „ J 

rvaiHl^lW-i  AJ  p tpj  mu  OOIJJ  cuujpi  ouu 


obtained,  by  crystn  from  water,  light-reddish- 
brown  crysts,  mp  108.5—109°  with  decompn. 
its  picrate  melts  ca  205.5°  with  decompn 


Qej^‘  1 )Rei{  not  found  2}  E);  W; Woolley , 


J BiolChem  152,225(19 44)  3)G.M.  van  der 
Want,Rec  67,45-51(1948)  & CA  42,5020(1948) 


Aminobenzimidazoles,  Azido  Derivatives, 
f'.H  N — wer/»  not  found  in  Reil  of  C.A 

w7 * — - — - ■ — _ 

through  1956 

Am*j2+**Q b&nzz Txidtzzols D z D ^rjtj ati'V-S 

c7h,n9  — were  not  found  in  Beil  or  CA 
through  1956 


Refs:  l)Beil  — not  found  2)C.T.Bahner 

et  al,  JACS  74,3689(1952)  & CA  48,5183(1954) 

(2‘  -Am»nobenzo)-5‘  ,6*  :4,5-(l-bydroxy)-vic- 
trinxale;  ft- Ami no-henroiim idole  or  2*  -Amino- 
1-hydroxy-lH-ben zotriazole  (I-0xy-6 -amino- 

H,N  ■ £-CH-C-N(OH)-N, 
Denztriazol  in  Beil),  | ||  j{ 

HC=CH_C  N 

me,  150. 14, N 37.32%,  Solid  which  decomps  on 
heating  or  on  standing.  Can  be  prepd  by  the 
reduction  of  6-nitro-benzazimidol(See  under 
Benzazimidol)  with  tin  and  coned  HC1.  It 
forms  salts,  some  of  which  are  explosive,  eg 
the  acetate  C6H6N40  + CH3COOH,  reddish 
prisms  which  explode  at  235-36°  without 

Refs:  l)Beil  26,326  2)T.Omius  & M.Mayer, 

JPrCnem  76,395(1907)  & jCS  941,55-4(1908) 

AM  !NQ  ben  zoic  acids 

AND  DERIVATIVES 

Aminobenzoic  Acids  Of  Anfhronilic  Acids, 

HjN  -CfiH4‘  COOH,  mw  137.13,  N 10.21%. 

All  three  existing  isomers,  2(ofrhoV;  3(meta)- 
and  4(para)-  are  described  in  Beil  14,310, 

383,  418,(529,558,565)  & 205,237,246 


Aminobenzoic  Acid, Azido  Derivatives;  An* 
thrsnMic  Acid  Azides;  AminobenzozideS  or 
Aminobenzoylazides,  HaN  * CeH4  • CO  ■ Ns, 
mw  162.15,  N 34.56%.  The  following  isomers 
are  described  in  the  literature: 

2- Aminobenzazide.  It  yel  ndlsffrom  benz  + 
petr  eth),  mp  82— 83°(decomp);  deflgr  on 

rapid  heating;  insol  in  w & ligroin;  sol  in 
many  org  solvents.  Can  be  prepd  from  die 

hydra  zide  of  anthranilic  acid  as  described 
in  Ref  1 

Refs:  I)BeiI  14, [212]  2)G. Heller  & A. 

Siller,  IPrChem  116,13-14(1927) 


4(or  7)-Amino-6(or  5)-nitrobenzimidazole, 

C~  H W C\  rriT,,  1-751  1 <5  M ai  AS.07.  V*>l  rrus,e 

'—7*  ,4l,4'/l  ,*•**■  *'  - «■*■  , 

mp  240— l°(dec).  It  was  prepd  by  refluxing 


5-nitro- 1,2,3'triaminobenzene  and  formic 
acid  in  aq  HC1,  as  described  in  Ref  2 


3- Aminobenzazide,  It  yel  ndls(from  dil  ale), 
mp  85°;  easily  sol  in  eth.  was  prepd  by  inter- 
action of  3-aminobenzohydrazide  and  benzene- 
diazonium  sulfate  in  aq  so  In.  Its  expl  props 
were  not  investigated 
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R eiv 


1 14  IC11 

-/ •-*)  JS*~ 


enhausen,  JPrChem  52,241(1895)  & JCS  70, 
36(1896) 


4*  Ami  no  ben  zazide  or  Anthranoytaxide,  yel 

nHlc  rl  cx  pl/on  i n r»  t*  nr\I/J  K»  im  Oc  f\/\  O 

j *.  Mj/iuijf  ill  ail  y iii^i  o J — yu 

(decomp),  defgr  on  rapid  heating;  insol  in 
w;  diff  sol  in  benz,  sol  in  ale,  v sol  in  eth 
and  sol  in  many  other  org  solvents.  Was 
prepd  by  interaction  of  4-aminobenzohydra- 
zide  and  NaNO,  in  AcOH  or  HC1  soln 


Refs:  l)Beil  14,(571)  & [259]  2)G.HeIler 
& A. Si ller,  JPrChem  116,16(1927)  & CA  21, 
2697(1927) 

Aminobenzoic  Acid , Diazido  Derivatives, 
C,H5N7Oj  — were  not  found  in  Beil  or  CA 
through  1956 


2*Nitro-4-aminobenzazide,  H2N  • C6Hs(N02  )•- 
CO.Ns,  raw  207.15,  N 33.81%.  Red  floe  ppe; 
defgrg  on  heating;  insol  in  w,  ale  or  eth. 

Was  piepu  by  treating  4-aminobenzohydrazide 
in  AcOH  with  NaNO  2 in  w 

Refs:  l)Beil  14,440  2)T.Curtius  & F.Bol- 

lenbach,  JPrChem  76,296(1907)  & JCS  92  i, 

1 mn/  1 

1 v/o\  iy\J  f ) 

Notev  No  other  nitrated  aminobenzazides  were 
found  in  Beil  or  CA  through  1956 


M ononit  roam  i no  ben  zoic  Acids,  H2N  • CeHs-~ 

/MO  \OOOU  ■%»•»<  109  t -5  XT  1 c in/w  i^mI*.** 

MIT"  J.U LI  1JOO/D*  yauuus 

isomers  are  described  in  Beil  14,373,374, 
375,3-78,414,415,417,439,440,(555,556,557, 
565,583)  & [233,234,245] 


Nitronitraminobenzaic  Acids . O-  N • HN  • 
C6H3(NOs)COOH,  mw  227.13,  N 18.50%.  Two 
isomers:  2-nitro- 6-nit  r amino-  and  4-nitro-2- 
nitraminobenzoic  acids  are  listifed  in  GazzSS, 
1632(1955)  by  G.Berti,  S.Carboni  & A. Da 
Settimo[See  also  CA  50,10041a(1956)i 


Dinitroaminobenzoic  Acids  or  Dinitroon- 
thranilic  Acids,  H2  N •‘C.H,  (N02  )2-  COOH, 
raw  227.13,  N 18.50%.  The  isomers  2-amino- 

3.5- ainiiro 3- amino-2, 4'diniiro-  ana  4‘dtnino- 

3.5- dinitro-  are  described  in  Beil  14,379,445, 
(557,565)  & [236,273] 


Tk«  I CA  frv*2*  r 2./)m  4 4Z  _ rA*  i C* 

by  H. Goldstein  & R.Stamm  Helv  35,1472(1952), 
the  2-amino- 3. 5-dinitro-  by  H. Goldstein  & A. 
Giddey  in  Helv  37,1121  8c  1124(1954)  and  the 
4-amino-3,5-trinitro-benzoic  acid  by  H. Gold- 
stein & A. Giddey  in  Helv  37,2084  & 2087(1954) 

D in  itronitr  aminobenzoic  Acids,  O.N*HN— 
C#H2(N02)2  -C00H,  raw  272.13,  N 20.59%. 

The  following  isomers  are  described  in  the 
literature: 

3f4-Dinitro*2-nitrominobonzoic  Acid  or  3,4- 
Dinitro-N-nitroanthrarti lie  Acid.  Yel,  unstable 
solid,  which  may  be  stored  for  some  time  in 
the  dark.  No  mp  given.  Sol  in  ale  ex  eth;  less 
sol  in  w;  nearly  insol  in  chlf  & benz.  Was 

nret»d  hv  addino  HNO.^d  1 .48^  drnnwise  to  a 

r tr  ~ / - c> 3\_  — r ” 

soln  of  4-nitroaminobenzoic  acid,  while  main- 
taining the  temp  below  — 5°.  Its  expl  props 
were  not  investigated 

Refs:  Be.il  — n<v  found  2)G^Bert*f  -S-  Car- 

bon! & A. Da  Settimo,  Gazz  85,1637,  1640—1 
(1955)  & CA  50,10041(1956) 

3,5-Dinitro-4»nitraminobenz0ic  Add.  Its  mono- 
hvdrate.  f..H.N.fl.+H.O.  exists  as  vel  nlares 

1 * — • ■ 4 ~ O A - * l f 

which  lose  H20  at  ca  95°,  decomp  ca  135  — 

136°  and  explodes  when  heated  on  a Pt  foil. 
Very  sol  in  ale,  eth  & AcOH;  sol  in  warm  w, 
diff  sol  in  chlf;  nearly  insol  in  benz.  Was 
prepd  by  nitration  of  3,5*<3inirro*4-aminoben- 
zbic  acid  with  HN02(d  1.48)  at  0° 

Refs:  l)Beil  16, [350]  2)L. Elion,  Rec  42,  . 

175-6(1923)  & CA  17,3489(1923) 

T rinitroaminobenzoic  Acid , H2N  • C6H(N02)jT 
COOH  and  higher  nitrated  aminobenzoic  acids 
were  not  found  in  Beii  or  CA  through  1956 

Amtnobenzophe  nones,  CSH,  • CO  • C4H4-NH2. 
Several  isomers  and  some  nitrated  compds, 
none  of  them  expl,  are  listed  in  Beil  14.  No 
azido-  or  diazido-  derivs  were  found  in  Beil 
or  CA  through  1956 

AMINOBENZOTRIAZINES 
AND  DERIVATIVES 

Amfnobenzotriazines,  CjH^N^,  mw  146.15, 
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N 38.34%.  The  following  isomers  are  listed 
in  the  literature: 

3-Amino-asym-benzotriozine  or  3-lmino- 
2,3(of  3,4)-di  hydro-  l,2,4-benzotriazine(origi- 

nally  called  Aminophentriazin), 
CH=CH-C-N==N  CH=CH-C=N-NH 


CH=CH— C— N=C-NH2  CH=CH-C=N-C:NH 
Yel  ndls,  mp  207°.  Sol  in  hot  ale  and  less  in 
ether.  May  be  prepd  by  oxidation  of  3-amino- 
l>2-dihydro-l}2,4-benzotriazine  with  K ferri- 
cyanide(Ref  2)  or  by  the  method  described  in 
Ref  3*  The  compd  was  investigated  by  Merck 
Co(Ref  4).  It  is  described  here  because  it  has 
fairly  high  N content 

Refs:  l)Beil  26,(44)  & [90]  2)F.  Arndt, 

Ber  46,3528(1913)  3)F. Arndt  & B.Eistert, 
Ber  60,2602(1927)  & C A 22,1162(1928)  4) 
F.J.Wolf  et  al,  JACS  76,3551-2(1954)  & 

CA  49,12494(1955) 

3'  -Aminobenzo-asym«tfiazlne(Called  in  JCS 
6-Aminobenzo-l,2,4-triazine), 

HC=CH— C— N=N 

| ||  | ; shiny  golden  plate- 

H2N  - C=CH-C-N=CH 
lets,  mp  298— 9°(dec).  Was  obtained  by  hy- 
drogenation of  N-2,4-dinitrophenyl-N* -formyl- 
hydrazine,  2,4-(02N)a  QHj  • NH  - NH  • CHO, 
in  hot  ethanol  in  the  presence  of  palladium- 
charcoal.  It  is  described  here  for  the  same 
reason  as  the  above  compd 

Refs:  l)Beil  - not  found  2)R.A.Abramo- 

vitch  & K. Schofield, JCS  1955,2333  & CA 
15,12077(1956) 

Aminobenzotriazines,  Azido  Derivatives, 
C7HaNT  — were  not  found  in  Beil  or  CA 
through  1956 

Aminobenzotriazines,  Diazido  Derivatives, 
CjH^ju  — were  not  found  in  Beil  or  CA 
through  1956 

Mononitroaminob  enzotriazines , CTHg  Ns  Oa  , 
and  higher  nitrated  and  nitrited,  derivs 
were  found  in  Beil  or  CA  through  1956 


AMINOB  EH  Z0TR1  AZOLES 
AND  DERIVATIVES 

Aminobenzotriazoles,  C4HSN4,  raw  134.14, 

N 41.77%.  One  isomer,  HC-CH=C-NH-N‘, 

II  I II 
h2nc-ch=c 

described  in  Ref  1 as  5(©r  6)-Aminobenzotria- 
zole.  It  may  also  be  called  (3'>Amtnobenzo)- 
5'  ,6'  :4,5-(a-vic-tri azole,  or  (3*  -Amino ben  zo)- 
1H- 1,2,3- triazole).It  forms  several  salts  and  a 
dinitroderiv  which  contains  a phenyl  group  in 
the  triazole  ring.  This  deriv  is  called  in  Ref 
21  1-P  he  ny  l-4-ni  tro-  5-nitrami  no  ben  zo  tri  a zole 
and  may  also  be  called:  ((3' -Nitnmino-4' - 

nitro)benzo]-5'  ,6*  :4,5-(l-phenyl-a-vic-*riozole. 
It  defgrs  at  ca  175°  a-°d  ^ts  probable  formula  is 
HC-CH=  C-N(C6Hs  )-N 
[j  | ||,mw  300.23 

Oa  NHN  • C-C(N02  )--  C N 

N 27.99%.  Lt  yel  ndls  obtnd  by  treating  1- 
phenyl-5-acetaminobenzotri azole  with  nitric 
acid(d  1.52XRefs  2 & 3) 

Another  isomer  of  aminobenzotriazole, 
HC-CH===  C-NH-N 
II  I II } listed  in  Ref  1 as*. 

HC-C(NH2>=C N 

4(or  7)-Aminobenzotriazole,  exists  in  the  form 
of  the  nitxoderiv,  02N«(^— CH  — — C-NH— N, 

HC-C(NH2)  = C N 

mw  179.14,  N 39.10%,  dk  yel  ndls.  Can  be  ob- 
tained from  5-nitro-l,2,3~triaroinobenzene 
through  a series  of  operations  described  in 
Ref  3-  We  propose  naming  the  nitrocompound 
[2*  -Nitro-4'  — amino)benzo]-5’  ,6'  :4,S-(a-vic- 
tri  azole).  It  is  probably  expl,  judging  by  the 
fact  that  a similar  nitrated  aminobenzotriazole 
deriv  with  a lower  nitrogen  content  is  expl. 

Refs:  l)Beil  26,323  2)Beil  26,(107)  3)R- 

Nietzki  & H.Hagen bach, Ber  30,544(1897) 

4) K. Fries  & J.Empson,  Ann  389,354(1912) 

Aminobenzatriazoles,  Azido  Derivatives, 
C6H3N7  — were  not  found  in  Beil  or  CA 
through  1956 

Aminobenzotriazole s,  Diazido  Derivatives , 
C6H4Nl0  - were  not  found  in  Beil  or  CA 
through  1956 
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Amino  benzoyl  azides  or  Aminobenzazides. 

See  under  Aminobenzoic  Acids  and  Deriva- 
tives 

5-Amino- 1-ben  zyl-vic-tetrazole  or  1-Benzyl- 
5-amino-vic-tetrazole,  [l-Benzyl-tetrazoIon- 
(5)-imid,  in  Ger],  Ha  N • C— N(C4HB  CH2  )— N 

I!  II 

N N 

or  HN:C— N(CeH#CHa  )— N,  mw  175-19, 

HN N 

N 39.98%.  Fine  ndls(from  hot  w);  mp  187° 

(Ref  2);  191°(Ref  1).  Methods  of  prepn  are 
indicated  in  Refs  1,2  & 3.  It  is  a high  nitro- 
gen compd  and  probably  can  be  nitrated  to 
form  ex  pis 

Hydrogenative  fission  of  aminobenzyl- 
tetrazole  gave  aminotetrazole(Ref  4) 

Refs ; l)Beil  26,[249l  2)Knoll  A-G  Chemische 
Fabriken,  GerP  540,409(1926)  & CA  26,3263 
(1932)  3)J»von  Braun  & W. Keller,  Ber  65B, 
1679(1932)  & CA  27,723(1933)  4)L.Birkofer, 
Ber  75B, 433(1942)  & CA  37,3067(1943) 

AMINOBIPHENYLS 
AND  DERIVATIVES 

Aminobiphenyls;  Biphenylamines;  Aminodi- 
phenyls  or  Phenylonilines,  C6Hg  ■ C6H4  ■ NI^  , 
mw  169.22,  N 8.28%.  Three  isomers,  o-(or  2-), 
m-(or  3-)  and  p-(or  4-)  are  known  and  de- 
scribed in  Beil  12,1317— 18(546)  & [747,751 
& 7531 

The  most  important  of  these  is  4-(or  p») 
Aminobiphenyl,  leaflets(from  ale),  mp  53— 

55°,  bp  302°;  diff  sol  in  cold  w;  sol  in  ale, 
eth,  chlf  & hot  w.  Was  first  prepd  by  Hofmann 
(Ref  2)  from  the  high  boiling  residue  obtained 
in  the  manuf  of  aniline  and  named  ' 'Xeny la- 
min' ' , It  can  also  be  prepd  by  the  reduction 
of  4-nitro biphenyl  or  by  other  methods(Ref  1) 
When  a salt  of  4-aminobiphenyl,  such  as  the 
hydrochloride,  is  treated  with  NaNOa+acid, 
diazotization  takes  place.  If  diazotization  of 
amino  biphenyl  is  followed  by  treatment  with 
perchloric  acid  the  resulting  compd  is  an 
explosive,  biphenyldiazonlum  perchlorate. 


CeHs  .CsH4«Na  - CIO,,  which  was  found  to  be 
suitable  for  charging  deton ators(Ref  3) 

Refs:  l)Beil  12,1318  & [753]  2)A.W.Hof- 

mann,CR  55,901(1862)  3)T.L,Davis  & F.H. 
Huntress,USP  1,828,960(1932)  & CA  26,849 
(1932) 

Aminobiphenyls,  Azido  Derivatives,  CiaHl0N4 

— not  found  in  Beil  or  CA  through  1956 

Aminobiphenyls,  Diazido  Derivatives,  CiaH#NT 

— not  found  in  Beil  or  CA  through  1956 

Mononitroaminobipkenyls,  C6HS  • C4Hs(N0a  )NHa 
or  (OaN)QH4-C6H4-NHa,  row  214.22,  N 13.08%. 
Several  isomers  are  described  in  Beil  12,1320— 
1,(547)  & [750-3,  760-1] 

Dinitroaminobipbenyls,  CiaHfrNJ04,  mw  259.22, 

N 16.21%.  Several  isomers  are  described  in 
Beil  12,1321(546)  & [750,  762-3] 

Dinitronitraminobipbenyls,  C12HaN406  — not 
found  in  Beil  or  CA  through  1956 

Trinitroaminobiphenyls,  CiaH8N406,  mw  304.22, 

N 18.42%,  OB  to  COa  -115.7%,  OB  to  CO 
~52.6%.  Following  isomers  are  described  in 
the  literature: 

3,5,4'  —Trinitro-2-aminobiphenyl,  (0aN)C6H4- 
C6Ha  • NHa  (NOa  )a . Prisms(from  pyridine) 
nip  239°.  Can  be  prepd  by  treating  3,5,4*  - 
trinitro-2-p-toluensulfonylaminobiphenyl, 

Oa N • C6H4  • C6Ha  (NOa  )a  ♦ NH  • SOa  • C6H4  • CHS, 
with  HaS04.  Its  expl  props  were  not  investi- 
gated 

Refs:  l)Beil  12, [751]  2)F.BelI,JCS  1928, 

2775  & 1930,1075 

3,2'  ,4*  -Trinitro-4-ami  no  biphenyl,  (OaN)a  C6HS  •- 
C4H3(NOa  )NHa . Orange-yel  needles(from 
glac  AcOH),  mp  192— 3°-  Was  prepd  in  small 
quantity  by  heating  4'  -bromo-2,4,31  *trinitro- 
biphenyl  with  satd  alcoholic  NHS  in  a sealed 
tube  at  150°  for  8-10  hrs.  Its  expl  props  were 
not  investigated 

Refs:  l)Beil  12, [764]  2)JLW.Le  Fevre  et 

al.JCS  1927,2337 
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T rinitronitr amino  biphenyl,  Cn  H7Ng  08; 
Tetranitroaminobipbenyl,  C^HyNjOg  and 
higher  nitrated  derivs  were  not  found  in 
Beil  or  CA  through  1956 

Aminobiuret.  Same  as  Allophanylhydrazide 

Amino- Borones  are  complexes  of  boranes 
(BHj)  with  amines.  Most  of  the  secondary 
and  tertiary  amines  form  these  complexes. 

The  following  amine  boranes  are  manufd  by 
the  Callery  Chemical  Co:  a)D  im  ethyl  amine- 
borane,  (CH,)aNH  • BHS,  wh  solid  b)Tri- 
methyiamine-borane,  (CHS)SN  • BHS  wh  solid 
e) Pyridine- borane,  CsHaN  ■ BHS , col  liquid 
These  amine-boranes  are  relatively  stable 
complexes  and  are  of  interest  because  they 
act  as  selective  reducing  agents,  polymeri- 
zation catalysts,  anti-oxidants  and  stabiliz- 
ing agents.  They  may  also  be  used  for  the 
prepn  of  diborane  and  as  petroleum  additives. 
Further  information  may  be  obtained  from 
Tech  Bull  C-200(Ref  2) 

Refs:  ^Advertisements  of  the  Callery 

Chemical  Co  in  C&EN  36, p 97(May  26,  1958) 
and  p 15(June  23,1958)  2)Technical  Bulle- 
tin, Callery  Chemical  Co,  Pittsburgh,  Pa 

Aminoboronhydride  Compounds.  Many  amino- 
boronhydride  compds  and  their  derivatives 
are  volatile  and  self-inflammable.  A series 
of  papers  by  H.I.Schlesinger  et  al  published 
in  JACS  on  boron  hydride  s(qy)  include  the 
prepn  and  props  of  the  following  amino- 
boronhydrides  and  their  derivatives:  borine- 
amine,  H,N  ■ BH,  or  BH6N;  dimethylamino- 
borinefor  dimethylaminoboric  acid)  (CHj)a  BNH2 

dimethylaminodiboranefCHjJjNBjHg ; bor- 
inetriamine  B,N,H6;  borinetrimethylene 
(CHj)jNBHs;  am inodiborane  H2N-B2H5 
or  BaH7N;  methylaminodiborane  CHaHN  •" 

B2  H5 ; dimethylaminodiborane(CHj)jNB2Hs 
and  the  very  volatile  and  self- inf  laming 
chloroderivadve  of  dime  thy laminodi borane, 

(CHj)2NB2  h4ci 

(See  also  under  Boron) 

Refs:  l)H.I.Schle singer  et  al,  JACS  58, 

409-14(193 6)  2)A.Burg  & H.I.Schlesinger, 


Ibid  59,780  & 785-6(1937)  3)S.H.Bauer, 

Ibid  60,524-30(1938)  4)H.I.Schlesinger  et 
al,  Ibid  60,1296-1300  & 2297-2300(1938) 

5) H.I.Schlesinger  et  al,  Ibid  61,1078-83(1939) 

6) A.Burg  & C.L.Randolph,Ibid  71,3451-55(1949) 
(See  also  German  refs  listed  in  these  papers) 

Aminoboron-Silicon  Compounds.  See  Silyla- 
minoboron  Compounds 

Aminobutane.  Same  as  Butylamine 

2-Amino- 1-butanol  or  l-Butanol-2* Amine, 

CH,  ♦ CHj  • CH(NH3 ) • CH2  OH,  is  the  parent 
compd  of  the  following  derivative: 

2-Nitromino- 1-butanol  Nitrate  or  1-Nitroxy- 
2-nitrami no- butane,  CHS « CH2  ■ CH(NH  • N02  )- 
CH2  .ON02,  mw  179.14,  N 23.46%,  OB  to 
CO,  -67.0%,  OB  to  CO  -22.3%*  Properties  - 
not  found  in  Beil  or  CA  through  1956 

According  to  Ref  2,  the  prepn  is  in  agree- 
ment with  the  following  scheme: 

CH3-CH2-CH(NH2)*CH2OH 
Add  ClCOO-C2Hs, 
followed  by 
aq  NaOH 

n 

CH,.CH2-CH'CH2OH 

ilH-COO.C2Hs 
Add  the  above 
inixt  with  stir- 
ring to  98% 
nitric  acid  at  10° 

CHj-CHj-CH-CHj’ONOj 

N(N02)-C00‘C2H2 
i Add  anhyd  NH, 
to  the  ethereal 
soln  of  the  above 

hitrate(ammonolysis) 

CH,  .CH2-CH(NH+)-CH2*0N02 

NO' 

IAdd  coned  hydro- 
chloric acid 

CHj'CH2'CH(NH*N02)*CH3*0N02 
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Details  of  this  method  of  prepn  are  given 
in  Ref  2,pp  122-3  and  in  the  patent(Ref  3, 
p 15),  but  no  props  are  described.  This  ni- 
trate was  suggested  as  a possible  gelatini- 
zer  for  NC 

Refs:  l)Beil  — not  found  2)A.T.Blomquist 

& F.T.Fiedorek,OSRD  Rept  4134(PB  Rept 
18867)(1944),pp  122-3  3)Ibid,  USP 
2,485, 855(1949),p  15 

AMI  NOC  ARB  AZOLES  AND 
DERIVATIVES 

Aminocorbazoles,  C6H3  . NHj, 

NH 

mw  182.22,  N 15.38%.  Its  1-amino,  2-amino- 
and  3- amino-isomers  are  described  in  Beil 
22,460(642)  [370-1]  and  1-aminocarbazole  is 
also  described  by  H.  Linderaann  & F.Werther 
in  Ber  57,  1316(1924) 

Note:  There  is  also  an  N-aminocarbazole  or 
N,N-diphenylenehydrazine,  C6H^_— C6H4> 

N.NHj 

described  in  Beil  20,(166) 

Aminocarbazoles,  Azido  Derivatives, 

C^HjNj  -not  found  in  Beil  or  CA  through 
1956 

Aminocarbazoles  Diazido  Derivatives, 
CjjHgNj  —not  found  in  Beil  or  CA  through 
1956 

Mononitroaminocarbazoles,  CjjH^NjOj,  mw 
227.22,  N 18.49%.  The  2-nitro-3*amino-  and 
4-nitro-3-amino  isomers  are  listed  Beil  22, 
373-4 

Note:  No  higher  nitrated  aminocarbazoles 
were  found  in  Beil  or  CA  through  1956.  It  is 
suggested  that  these  compds  may  have  some 
value  in  expl  compns  or  fuse  powders  as 
flash  reducing  agents  or  burning  rate  modi- 
fiers 

Amlnocorbonylaminosuccinyl  Diazide  or 
Aminocarbonyliminosuccinyl  Diazide  (Am- 
i doc  arbon- iminobem  stein saure-di azid  in 

Ger),  CH . CO . N, 

H,N . CO . N X | 

XCH  . CO . Nj 


mw  224.15,  N 50.0%.  Oil,  expl  violently  on 
heating.  Can  be  prepd  by  adding  drop  wise 
the  calcd  amt  of  coned  aq  NaNOa  to  amino- 
carbonyliminosuccinyl  dihydrazide  (in  HCl 
and  covered  with  a layer  of  ether),  while 
maintaining  the  temp  at  -10°  or  below 
Refs:  l)Beil— not  found  2)T.Curtius  & 

W. Dorr,  JPrChem  125,442-3(1930)  & CA 
24,  3214(1930) 

Aminocelluiose.  See  Aminated  Cellulose 


1-Amino>5-(o-cMorophenyl)-a-tetrazole  or 
l-Amino-5-(2'  -chlorophenyl)-lH-tetrazole, 

(o-Cl . C6H4) . C— N(NHj)— N, 


N 


N 


mw  195.62,  N 35.80%.  Leaflets  (from  ale), 
mp  173°,  decomp  at  higher  temps  with  vig- 
orous evoln  of  gas;  si  sol  in  eth,  benz, 
chlf  & hot  w,  nearly  insol  in  cold  w,  fairly 
sol  in  hot  ale  & toluene,  sol  in  hot  acet. 

Was  obtained  by  heating  l-(o-chlorobenz- 
alamino)-5-phenyl-a-tetrazole(sl  wet  with 
ale)  with  coned  HCl  for  10  hrs.  Serves  for 
the  prepn  of  other  tetrazoles,  some  of  them 
expl,  eg  l-dichioroamino-5-(o-chlorophenyl) 
-a-tetrazole(qv) 

Refs:  l)Beil-not  found  2)R.Stolle  et  al, 

JPrChem  138,2  & 9*10(1933) 

Aminochrysammic  or  Aminochrysammlnk 
Acid.  See  2,4,5,7-Tetranitro-8-amino- 1- 
hydroxy-anthraquinone,  described  under 
Aminohydroxyanthraquinone  and  Derivatives 
Aminocompounds  are  described  individually, 
such  as  aminoacetic  acid,  aminobenzoic  acid, 
aminocarbazole,  amino tetrazole,  aniline,  etc 


AMINOCRESOLS  AND 
DERIVATIVES 

Amlnocretolt;  Aminohydroxytoluenes; 
Methylaminophenols  or  Amlnohydroxymethyl- 
benzenes,  H2N  . C#H3(CH,)OH.  All  possible 
isomers  are  described  in  Beil  13,  572, 

574,  576,  579,  589,  590,  593,  598,  601, 

(212,  216,  222,  226,  227)  & [319,  324,  326, 

330,  337,  338] 

Aminocresols,  Azido  Derivatives,  C7H,N40- 
not  found  in  Beil  or  CA  through  19 56 
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Aminocresols,  Diazido  Derivatives,  QHjN^O 
not  found  in  Beil  or  CA  through  1956 
Mononitramino cresol s,OtN . HN  . CeHs(CH3)OH 
were  not  found  in  Beil  or  CA  through  1956 
Mononitroaminocresols,  H2N . C6H2(CH3)(N02)0H. 
All  possible  isomers  are  described  in  Beil  13, 
574,  578,  595, 605,  (213,  228)  & [319,  345,  346] 

N itronitraminocresols,  C7H7N3Os  were  not  found 
in  Beil  or  CA  through  1956 
Dinitroaminocresols,  CtH?NjOs  , mw  213. 5> 

N 19.72%.  The  following  isomers  are  de- 
scribed in  the  literature: 

2,4-Din  itro-6-amino-m-cre»ol;  2,6-Dlnltro-4- 
amlno-3-hydroxy-tolu«n«  or  2,6-Dlnltro-4- 
amino-3-hydroxy-l-m«thyl-benxene,  H2N  r 
C8H(CHj)(N02)20H.  Yel  crysts  (from  ale), 
mp  15l°(Ref  3),  156°(Ref  4);  decomp  at  si 
higher  temp;  insol  in  cold  w;  sol  in  ale,  very 
sol  in  eth.  Can  be  prepd  by  treating  2,4,6- 
trinitro- 3- hydroxy  toluene  with  ammonium 
sulfide,  as  indicated  in  Ref  5 

On  treating  dinitroaminocresol  with  nitrous 
acid,  the  diazocompd,  C6H(CH,)(NOJ)J(OH)r 
N = N . NH . C6H(CHj)(NOs)jOH,  is  obtained 
as  golden  yel  leaflets  which  expl  violently 
on  heating  to  ca  160° 

Refs:  i)Beil  13,  591  & [327]  2)W. 

Kellner  & F.Beilstein,  Ann  128,  166-7(1863) 
3)C.L.Liebermann  & W.A.von  Dorp,  Ann  163, 
104-5(1872)  4)O.Emmerling  & A.Oppenheim, 
Ber  9,1094(1876)  5)R-B.Drew,  JCS  117, 
1617(1920) 

2.6- Din itro-4-amino-m-cresol;  2,4-Dinitro-6- 
amino-3-hydroxy-toluene  or  2,4-Dinitro-6- 
amino-3-hydroxy-l-m*thyl-benxene,  H,N 

CflH  (CH  J)(NOJ)JOH.  Ruby- red  ndls(from  aq 
ale);  mp  l60°(Ref  2),  166.5- 167.5°( Ref  3); 
diff  sol  in  w.  Can  be  prepd  by  heating  2,4* 
dinitro-6-acetamino-3*hydroxytoluene  with 
HCl(Ref  3) 

Refs:  l)Beil  13,595  & [335]  2)R.Nietzki 

& F.Ruppert,  Ber  23,  3479*80(1890)  3)M-T. 

Bogert  & G.H.Connitt,  JACS  51,90  7(1929) 

& CA  23,  1888(1929) 

2. 6-  Di n I tro-3-a ml no-p-cre sol;  3f5-Dinitro-2- 
amino-4-hydroxy- toluene  or  3,5-D(nitro-2- 
amlno-4-hydroxy-l -methyl -ben  zone. 


HjN . C4H(CH3)  (N02)20H.  Bm-red  ndls  (from 
ale),  mp  141-142°.  Can  be  prepd  by  briefly 
heating  3,5-dinitro-  2-  amino- 4-methyl  amino- 
toluene  with  aq  NaOH 
Refs:  l)Beil  13,601  2)A,Sommer,  JPr- 

Chem  67,  551(1903)  & JCS  84,  656(1903) 

4,6-Dinitro-3-omino-o-cresol;  3,5-Dlnitro- 
6-amino-2-hydroxy-toluene  or  3,5-Dinitro- 
6-amino-2-hydroxy-l- methyl -benzene, 

H2N . CeH(CH,)(N02)2OH.  Yel  ndls  (from  w). 
Can  be  prepd  by  treating  3,5*dinitro-2- 
azi do- 1-methyl- benzene  with  coned  H2S04 
Note : The  identity  of  this  compd  was  not 
definitely  established.  It  might  be  2,6- 
Dinitro-3-amino-p-cresol 
Refs:  l)Beil  13,  614  2)P.Drost,  Ann 

313,  315(1900) 

eso-Dinitro-eso-amino-cresol  or  x,x-Dinitro- 
x-amlno-x-hydroxy-methyl -benzene, 

H,N . C4H(CH3)(N02)20H.  Red  ndls  (from 
w);  mp  ca  172°  with  decompn.  Can  be  prepd 
by  treating  3,5*dinitro-4-azido- 1-mechyl- 
benzene  with  coned  H2S04 
Refs:  l)Beil  13, 614  2)P.Drost,  Ann 

313,  314-15(1900) 

D ini  tronitramino  ere  sols,  02NHN.  C6H(CH3) 
(N02)20H;  Trinitroaminocresols , HaN. 
Cs(CHj)(N02)jOH  and  higher  nitrated  derivs 
of  aminocresols  were  not  found  in  Beil 
or  CA  through  1956 

Aminodiozacycloalkenes  Nitrated  Deriv- 
atives. Several  nitrated  products  of  2- 
amino-l,3-diazacycIo-2-hexenes  and  2- 
amino- l,3-diazacyclo-2-pentenes  are  de- 
scribed in  the  literature.  Inasmuch  as 
some  of  these  compds  contain  more  than 
40%  nitrogen,  they  may  be  of  interest  as 
components  of  propellants.  Some  of  these 
compds  are  described  here  individually, 
as  well  as  in  the  following  refs: 
l)Beil— not  found  2)A.F.McKay  & G.F. 

Wright,  J ACS  70,  3990(1948)  & CA  43, 

220 3(  1949 )(The  nitration  products  of  2- 
nitrami  no-  A3- 1 , 3*  di  azacyclo  alkene  s)  3) 

A. F. McKay  & D.F. Manchester,  JACS  71, 
1972(1949)  & CA  43,9065(1949)(The  ni- 
tration products  of  some  substituted  2- 
nitramino- 1, 3- di  azacyclo  alkene  s)  4)L- 
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Fishbein  & J. A.Gallaghan,  JACS  76,  3218 
(1954)  & CA  49, 899 1(  1955)(P*epn  & ProPs 
of  2- amino-  1-nitro- 1, 3-diazacyclo-  2-hexene-, 

2- amino-  1-nitro- 1, 3-diazacyclo- 2-hexene 
nitrate;  2-amino-l,3-chni£rocycl°-2-hexanone 
and  other  derivs) 

Aminodlazacyclohexanone.  See  Aminotetra- 
hydropyrimidone 

Amlnodlazacyclohexene.  See  Aminotetrahydro- 
pyrimidol 

Aminodiazacyclopentane.  See  Aminoimida- 
zoline 

Amlnodiazacyclopentanone.  See  Aminoimida- 
zolidone 

Aminodiazacyclopentene.  See  Aminoimida- 
zoline 

4-Amlno-dlazoamlnobenzene,  CaHs  . N:N  , 

NH  . CaH4 . NH„  mw  212.25,  N26.40%.  Bra- 
yel  ndls  (from  dil  ale),  dec  at  157°  and  expl 
when  heated  in  a tube;  sol  in  ale  dlff  sol 
in  ether  & insol  in  w,  or  peer  ether.  Was 
prepd  by  treating  4-acetaraino-di azoamino- 
ben  zene  with  Na  ethylate 
Refs:  l)BeiI  16,  732  2) R.  Will  starter  & 

M.Benz,  Ber  39,  3491(190 6)  & CA  1,  302 
(1907) 

2- Am i no-7-di ozonaphtholene  Bromide  Hydro- 
bromide,  (H  ,N.  C10H4.  N 1 N]  Br.HBr, 
mw  331.03,  N 12.7%-  Yel  ndls,  mp-  expl 
violently.  Prepd  by  diazotizing  2, 7-naph- 
thalene di  amine  in  alcoholic  soln  with  hydro- 
bromic  acid  and  amyl  nitrite.  The  compd 
expl  also  on  contact  with  coned  HNOr 
Refs:  l)Beil  16,610  2)F.KaUfler  & U. 

Karrer,  Ber  40,  3262(1907)  & JCS  92,  795 
(1907) 

Aminodlbenzofuranes.  See  Aminodiphenyl- 


eneoxides 

6- Amino-2,2*  -dl carboxybl phenyl -6- dlazonl urn 


Chloride, 


KNv  ^COOH 

HOOC  N S NJ 


Cl, 


mw  319.70,  N 13.14%.  Red-brn  prisms,  mp- 
defgr  ca  100°;  stable  in  storage  and  insensi- 
tive to  impact.  Was  prepd  by  diazotization 
of  di  amino diphenic  acid 


Ref:  l)Beil-not  found  2)J. Schmidt  & R. 

Schall,  Ber  40,  3003(1907)(footnote  1) 

Note:  Beil  16,  612  gives  the  name  and 

structural  formula  for  the  4'  diazonium  salt 
but  the  props  are  those  given  in  Ber  for  the 
6'  diazonium  compd.  No  litr  was  found  for 
the  4'  -compd 

Aminodiethanol  or  Dlhydroxyethyl amine. 

Same  as  Diethanolamine 

Aminodlmethyldiazacyclopentene.  See  Amino- 
dimethylimidazoline 


AM  iNODIMETHYLIMIDAZOLINE 
AND  DERIVATIVES 


Aminodimethylimidazoline  or  Aminodimethyl- 
diazacyclopentane,  CSH11NJ,  mw  113.16,  N 
37. 14%,  may  be  considered  as  the  parent 
compd  of  the  following  derivs: 
Aminodimethylimidazoline,  Azido  Derivative, 
C5Hl0N6—  not  found  in  Beil  or  CA  through 
1956 

Aminodimethylimidazoline , Diazido  Deriva- 
tive, CjH,N9— not  found  in  Beil  or  CA  through 


1956 

2-  Amino- 4,4-dimethyl-  1-nitro- N3-imidazole 
or  2- A mino-4, 4- dimethyl-l-nitro-1 ,3-diaza- 
cyclo-2-pentene,  HjC-N(NOa)-C . NHa, 


(CHs)a-C- 


mw  158.16,  N 35.43%— not  found  in  Beil  or 
CA  through  1956 

2-  Ami  no-4, 4-d  I methyl  - 1 -nltro- A2-  Imidazole 
Nitrate  or  2-Amino-4,4-dlmethy|-l-nitro- 
l,3-diazacyclo-2-pentene  Nitrate, 

H2C— N(NOj)— C.  NH2 

I 11  + HNO„ 

(CH,),C N 


mw  221.18,  N31.67%.  Crysts  (from  abs  ale), 
mp  179*181°.  Was  prepd  by  refluxing  l-(/3- 
nitroxy-tert-butyl)-3-nitroguanidine  with 
some  n-butanol  for  30  mins  followed  by 
evaporation  of  the  soln 

Refs:  1) Beil —not  found  2)L.  Fishbein  & 

J. A.Gallaghan,  JACS  76,  3219(1954)  & CA 
49,8991(1955) 


A 196 


2-Nitramino-4,4-dimethyl-l-nitro-A2-imidazole 
or  2-N itramino-4,4- dimethyl- 1-nitro- 1,3- 
diazacyclo-2-pentene, 

HX-NfNOA-C.NH.NO* 

t * I I 2 

I II 

(CH,)j  C N 

mw  203.16,  N 34.48%— not  found  in  Beil  or 
CA  through  1956 

AMINODIMETHYLTRIAZOLES 
AND  DERIVATIVES 


Note:  Although  this  compd  is  not  listed  in 
the  literature  as  an  expl,  it  is  included  here 
because  it  is  isomeric  with  l-amino-4,5* 
dimethyl-a-vic-tri azole,  which  is  an  expl 

Refs:  l)Beil  26,29-30  2)K. A. Hofmann  & 

O.Ehrhart,  Ber  45,2732(1912)  3)W.Ober- 
hummer,  Monatsh  63,285(1933)  & CA  28, 
2679(1934)  4)H.Aspelung  & A. M. August- 
son,  Acta  Acad  Aboensis  Math  Fhys  7, No  10, 
1-7(1933)  & CA  29,5088(1935) 


Aminodlmethyltriazoles,  C4HBN4,  mw  112.14, 
N 49-97%*  The  following  isomers  are  listed 


Aminodimetbyltriazoles,  Azido  Derivatives, 
C4H?N?  — not  found  in  Beil  or  CA  through 


I - Am  I no-4, 5-d  I methyl-  a - vlc(  1 H- 1 # 2, 3)-trl  azol  e. 


H3C . C— N(NHj)— t 


HX.C- 


-N 


Leaflets,  mp  95°,  defg  00  rapid  heating.  Was 
prepd  in  1900  by  von  Pechmann  & Bauer  by 
heating  l-benzamino-4,5‘dimethyl-  l,2,3_tri* 
azole  in  a sealed  tube  at  95"  100°  and  believed 


‘thylosotfi- 


azin”  (Ref  2).  The  correct  structure  was 
establi  shed  in  1909(Ref  3) 

Its  silver  nitrate-double  salt,  (C4HBN4)3 . 
AgNOj,  melts  with  decompn  at  188°  or  expl 
with  the  formation  of  flame  when  heated 
rapidly 


Aminodimetbyltriazoles,  Diazido  Derivatives, 
C4H6Nl0,  - not  found  in  Beil  or  CA  through 
1956 

Nitrated  and/or  Nitrited  Amino  dime  tby  Hr  i- 
azoles  were  not  found  in  Beil  or  CA  through 

i ne/ 

4-Amino-3,5-dioxo-1,2,4-triozolidine  oi 
Uraiine,  4-amino-[1H-l,2l4-triazole-3,5 
(2H,4H)-dione] , See  4- Aminourazole 

Aminodiphenyl.  See  Aminobiphenyl 

AMI  NODIP  HENYL  AMINES 
AND  DERIVATIVES 


Refs:  l)Beil  26,28  2)H.von  Pechmann  & 

W. Bauer,  Ber  33, 645(1900)  3)1 bid , Ber  42, 
665-7(1909) 

1- Amino- 3, 5-dim  ethyl- 1, 2,4mtriazole,  listed 
as  such  in  CA  28,2679(1936),  seems  to  be 
identical  with  4-am ino-3,5_dimethyl-4,l,2- 
tnszolv  hsted  in  ,4  porniiils  1920~ 

1946, p 61,  bottom  of  right-hand  column 

4-Arrtino-3,5-dimet'hyi-4H-l#2,4-triaxoie  or 
3, 5- D i methyl-4- ami  no-4, 1, 2-trio  zole, 

w r . r_w_M 

-a-  y - |) 

HjN  • N C-CH, 

Prisms,  mp  196—9°.  Can  be  prepd  by  treat- 
ing an  ale  so  In  of  acetonitrile  with  hydrazine 
hydrate  in  air(Ref  2)  or  by  other  methods 
listed  in  Refs  1?3  & 4 


Aminodiphenyl omines,  H2N  • C6H4  • NH  • CSHS . 
The  isomers  2-,  3"  & 4-aminodiphenylamines 
are  described  in  Beil  13, 16,76,(623)  & 
[13,26,40] 

Aminodiphenyl  amines,  Azido  Derivatives, 

C,a  H(1N,  , — not  found  in  Beil  or  CA  through 
1956 

Aminodipheny lamine s,  Diazido  Derivatives, 
C12H10N8  — not  found  in  Beil  or  CA  through 
1956 

Mononitroaminodiphenylamines,  Ha  N • CeH4— 

NH-CftH4-N02,  mw  229.23,  N 18.33%.  The 

o ,, — 2 „ ~ I I ^ 'I 

-iiiuu-^-aiuiiiUj  4 -nmu"4'aiii  uiu-j 

2*  -nitro-3_ani  ino,  4'  -nitro- 3-ami  no-,  2'  - 
nitro-4-amino-  and  4’  -nitro-4-am in odi phenyl- 
amine  are  described  in  Beil  13,  17,41,78-9 
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Mononitroaminodiphenylamine  s,  Ha N(Oa  N)- 
C6Hs-NH-C6Hs,  raw  229.23,  N 18.33%.  The 
isomers  4‘nitro-2-amino-  and  6~nitro-2- 
amino-diphenylamine,  are  described  in  Beil 
13,29,(10)  & [21] 

Nitronitraminodipbenylamine  s,  CiaH10N4O„ 
raw  274.23,  N 20.43%,  were  not  found  in 
Beil  or  CA  through  1956 

D in  itro  amino  diphenyl  amines,  Ha  NJdN.QHj(N02)a, 
mw  274.23,  N 20.43%*  The  isomers  2*  ,4'- 
dinitro-2-amino-;  2'  ,4*  -dinitro-3-amino-  and 
2’  ,4'  -dinitro-4-amino-diphenylamine  are 
described  in  Beil  13,41  & (7) 

Dinitroaminodipherryl amines,  HaN(Oa  N)C6Hj"- 

NH  C6H4*  N02,  mw  274.23,  N 20.43%.  The 

isomer  4,3'  -di nitro-2-am inodiphenylamine  is 
described  in  Beil  13,(10) 

Dinitroaminodipherryl  amines,  Ha  N(Oa  N)2C5H2"‘ 
-NH-C6HJ5  mw  274.23,  N 20.43%*  The  iso- 
mers 4,6-dinitro-3-amino-  and  2,6-dinitro- 
4-amino-diphenyl-amine  are  described  in 

Beil  13,  & [32,60] 

Dinitronitraminodiphenylamines,  C 12H,Ng  06  f 
mw  319.23,  N 21.94%.  Not  found  in  Beil  or 
CA  through  1956 

Trinitroami  nodiphenyl  amines,  CJ2H9N,  04, 
mw  319.23,  N 21.94%,  OB  to  COa  -112.8%. 

The  following  isomers  are  described  in  the 
literature: 

2'  ,4*  ,6*  -Trmitro-2-omino-diphenylamtne  or 
N-Picryl-o-phenylenediamine,  HaN  ■ C6H4-- 

NH-C4HJ(NOa  )s.  Red  cry sts(from  xylene), 
mp  I77-8°(decomp  with  frothing),  expl  on 
rapid  heating;  nearly  insol  in  w,  diff  sol  in 
eth  & ale,  easily  sol  in  acet,  NB  & xylene. 

Can  be  prepd  by  heating  an  ale  mixt  of  o- 
phenylenediamine  , picryl  acetate  and  K 
acetate  at  50°,  followed  by  washing  the  re- 
sulting crysts  with  warm  w,  warm  ale  and 
then  recry  stall!  zing  from  boiling  xylene 

Refs:  l)Beil  13,17  2)H.Leemann.&  E. 

Grandmoujin,  Ber  41, 1308(1908) 


2*  ,4" , 6 ' -Trinitro- 3- am  mo-diphenyl  amine  or 
N-Picryl-m-phenylenediami  ne,  H2N  ■ C6  H4* - 
NH-C6H2(N02  )s.  Red  crysts(from  acet),  mp 
206-7°,  expl  on  rapid  heating;  easily  sol  in 
acet,  diff  sol  in  ale  & AcOH.  Can  be  prepd 
by  a 2-hr  heating  of  picryl  chloride  with 
equivalent  quantities  of  m-phenylenediamine- 
hydrochloride  and  Na  acetate  in  ale 

Refs : l)Beil  13,41  & [26]  2)G.Jaubert, 

Ber  31,1181(1898) 

2,4f6*Trinitro*3-ominodiphenylomine/  HaN  - 

CsH(N02)s-NH-CeH5.  Red  ndls(from  acet 
by  pptg  with  ale),  mp  191°.  Can  be  prepd  by 
heating  a mixt  of  aniline  and  2,3,4,6-tetra- 
nitroaniline  in  benz,  or  by  other  methods. 

Its  expl  props  were  not  examined 

Refs:  l)Beil  13,61  & (17)  2)C.F.vanDuin, 

Rec  38,94(1919) 

2’  ,4*  ,6*  -Trinitro-4-ami  no-diphenyl  amine  or 
N-Picryl-p-phenylenediamine,  H2N  *C5H4-NH-" 
-C6H2(NOa  )5.  Dk  red(almost  black)  crysts 
(from  et  acet),  mp  185-7°,  expl  on  rapid  heat- 
ing; sol  in  et  acet  & amyl  ale,  v sol  in  boil- 
ing AcOH  or  chlf.  Can  be  prepd  by  treating 
picryl  chloride  with  p-phenylenedi amine  in 
ale,  or  by  other  methods 

Refs:  l)Beil  79  2)E. Wedekind,  Ber  33,435 

(1900)  3)R.Ciusa  & C.Agostinelli , Atti 
AccadLin  (5)1511,240(1906)  4)G. T.Morgan  & 
M.G.Micklethwait,  JCS  93,608(1908)  5)T.C. 
Jones  et  al,JCS  117,1278(1920) 

3,2*  ,4'  -Trinitro-4-cminodiphenylamine,  H2N‘- 
C#Hs(N02  )-NH-C6H1(N02)2  . Red-brn  ndls 
(from  AcOH),  mp  226°.  Can  be  prepd  from  2- 
nitro-l,4-phenylenediamine  and  4-chloro-l,3- 
di  nitrobenzene.  Its  expl  props  were  not  in- 
vestigated 

Refs:  l)Beil  13,121  2)Hochster  Farbwerke, 

GerP  110,360(1899)  & ChemZtr  190011,301 
3)F.Reverdin  & E.Deletra,  Ber  37,1727(1904) 

Trinitronitraminodiphenylamines,  C,2  H#NfiOg, 
mw  364-23,  N 23.08%  - were  not  found  in  Beil 
or  CA  through  1956 
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Tetranitroaminodiphenylamines,  C12H9N609, 
mw  364.23,  N 23.08%,  OB  to  C02  -87.86%. 

The  following  isomer  is  listed  in  Beil: 

2,4/6,3'  -Tetranitro-3-amino-diphenylaroine 

(Called  in  Beil  N-[3*Nicro-phenyl]-2,4,6- 
trinitrophenylendiamin-(l,3)},  HjN^N^  - 
C6H-NH-C6H4 -NOj . Crysts(from  et  acet), 
mp  272°(decomp).  Can  be  prepd  either  by 
heating  2,3,4,6-tetranitroaniline  with  3* 
nitrobenzene  in  benzene  or  by  fusing  N-nitro- 
N-methyl-2,4,6-trinitro-l  ,3-phenylenedi  amine 
with  3"t»itroaniline  at  110—120°.  Its  expl 
props  were  not  reported 

Refs:  l)BeiI  13,(17)  2)C.F.van  Duin, 

Rec  38,95(191 9) 

T etranitronitraminodiphenylamine,  C12H7N7Ol0, 
mw  409.23,  N 23.96%  and  P erttani tro amino • 
diphenylamine,  C12H7N7Ol0,  mw  409.23, 

N 23.96%  were  not  found  in  Beil  or  CA 
through  1956 

AMINODIPHENYLENEOXIDES 
AND  DERIVATIVES 

Aminodiphenyleneoxides  or  Amtnodibenzo- 
furones,  C12H9NO,  mw  183.20,  N 7.65%,  may 
be  considered  as  parent  compds  of  derivs 
listed  below.  The  isomers  2- amino-  and  3- 
aroinodi  phenyleneoxide  are  known 

Refs:  l)BeiI  18,587(557)  & [422-31  2)F. 

Brumberg,  Doctoral  Dissertation,  Gottingen 
(1925)  3)N.M.Cullinane,jCS  1930,2268 
4)Ibid,  1932,2367  5)H. Gilman  et  al,JACS 
56,2475(1934) 

Aminodiphenyleneoxides,  Azide  Derivatives, 
CjjHaN40  — not  found  in  Beil  or  CA  through 
1956 

Aminodiphenyleneoxides,  Diazido  Derivatives, 
Cl2H7N70  — not  found  in  Beil  or  CA  through 
1956 

Mononitroaminodiphenyleneoxides,  C,2  H9N2  Os, 
mw  228.20,  N 12.28%.  The  following  isomers 
are  described  in  the  literature:  3-nitro-2-amino- 
diphenyleneoxide,  mp  222°(Refs  1 & 2), 


2-nitro-3-aminodiphenyleneoxide,  mp  238-9° 
(Refs  1 & 2)  and  6-nitro  2-aminodiphenylene- 
oxide,  mp  268°(Ref  3) 

Refs:  l)Beil  18, [422-3]  2)F.Brumberg, 

Doctoral  Dissertation,  Gottingen(1925),  pp 
12,22  & 27  3)N.M.CuJlinane, JCS  1932,2367 

D init rodiph e nyleneoxi des,  C12H7N305 , mw 
273.20,  N 15.38%,  — not  found  in  Beil  or  CA 
through  1956 

Trinitrodipbenyleneoxides,  C,2  H6N407, 
mw  318.20,  N 17.61%  — not  found  in  Beil  or 
CA  throu^i  1956 

T etranitrodiphenyleneoxides,  C12  Hs  Ns  09, 
mw  363.20,  N 19.28%.  The  following  isomer 
is  described  in  Beil: 

x-Tetramtro-3-aminodiphenyfeneoxide,  dk 

red  ndls  decompg  above  280°;  diff  sol  in 
ale,  acet,  chlf  & NB,  more  sol  in  AcOH. 

Was  prepd  by  heating  3-bromo-x-tetranitrodi- 
phenylene oxide  with  ale  NHS  in  a sealed 
tube  at  150°.  This  compd  is  undoubtedly  a 
mild  expl,  but  its  expl  props  were  not 
examined 

Refs:  l)Beil  18,[423]  2)F. Brum  berg, 

Doctoral  Dissertation,  Gottingen(1925),30 

P entanitrodipbenyleneoxides,  C12  H4N6Ol2, 
and  higher  nitrated  derivs  were  not  found  in 
Beil  or  CA  through  1956 

AMINODIPHENYL  ETHERS 
AND  DERIVATIVES 

Aminodiphenyletbers  or  Aminophenolphenyl- 
ethers,  H2 N-C6H4-0-C9H5 , mw  185.22, 

N 7.56%.  Several  isomers  are  described  in 
Beil  13,359,404,438,(109,147)  & [167,227] 

Aminodiphenyletbers , Azido  Derivatives, 
C12Hi0N4O  — not  found  in  Beil  or  CA  through 
1956 

Aminodiphenyletbers,  Diazido  Derivatives, 
C12H,N70  — not  found  in  Beil  or  CA  through 
1956 

Mononitroaminodiphenylethers,  C12  Hl0N2O3, 
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raw  230.22,  N 12.17%.  Several  isomers  are 
described  in  Beil  13,(121)  & [285—6] 

Nitraminodipbenylelber,  C12Hl0N203  — not 
found  in  Beil  or  CA  through  1956 

Nitronitrdminodiphenyletber,  C12  H4N305  — 
not  found  in  Beil  or  CA  through  1956 

Dinitroaminodipkenyletbers , C12HBN3Og  , 
raw  275.22,  N 15.27%.  One  isomer,  2' 4’ - 
dinitro-4-amino-diphenylether,  H2N  ■ C6H4- 
0-C6Hg(N02  )2 , is  listed  in  Beil  13,438 

DinitTonitraminodipbenyletheTS,  C,2  HBN407 
— not  found  in  Beil  or  CA  through  1956 

Trinitroaminodiphenyletbers,  Cl2  H#N407, 
mw  320.22,  N 17.50%.  The  following  isomer 
is  described  in  the  literature: 

3,2' , 4’  -T rinitro-4-ctTninodiphenyletber , 
H2N(02N)C6H3-0-CsH3(N02)2.  Grn-yel  leaf- 
lets(from  ale),  mp  188°.  Was  obtained  from 
3*nitro-4_aminophenol  and  4-chloro-l,3“dini~ 
tro  benzene 

Refs:  l)BeiI  13,521  2)F.Reverdin  & A. 

Dresel,  Ber  38,1595(1905) 

Trinitronitraminodipbenylethers,  Cl2  H7Ng  0,, 
raw  365.22,  N 19.18%  — not  found  in  Beil  or 
CA  through  1956 

Tetranitro am inodiphenyl ethers,  C12H7Nj  09, 
raw  365.22,  N 19.18%.  The  following  isomer 
is  described  in  the  literature: 

3,5,2'  ,4'  -Tetranitro*4-aminodiphenylether, 

HaN(02N)2  CbH2  O.CeH,(N02)2.  Lemon-yel 
ndls(from  AcOH  or  acet),  mp  225—6°;  insol 
in  w or  in  aq  soda  so  In;  diff  sol  in  ale,  benz, 
chlf  & ligroin.  Can  be  prepd  by  heating  3,5* 
dinitro-4-am  inophenol  with  ale  soln  of  4- 
chlcro-l,3-dinitrophenol.  Its  expl  props  were 
not  investigated,  although  it  is  probably  an 
e*~l 

Refs:  l)Beil  13,529  2)F.Reverdin  & A. 

Dresel,  Ber  38,1594(1905) 

TetranitTonitraminodipbenyletbers,  C12  H6N#0I3, 
mw  410.22,  N 20.49%  - not  found  in  Beil  or 
CA  through  195 6 


AM1NOETH  ANE  AND 
DERIVATIVES 

Aminoethane  or  Ethylamine,  CH3  • CH2  ■ NH2 , 
mw  45.08,  N 31.07%.  Col  liq,  mp  -80.6°,  bp  16.6°,  d 
0.689  ac  15°/15°j  easily  inflammable.  Forms 
numerous  salts  and  other  derivs,  Prepn  and 
props  are  given  in  Beil  4,87—94,(342—5)  & 

[586-91 

Aminoethane,  Azido  Derivative,  called  (3- 
A zi doom inoeth one,  /3-Azidoethyl amine  or 
j8-Triazoethylamine,  N3*CH2  • CH2  *NH2, 
mw  84.08,  N 66.64%.  Liq,  bp  47°  at  16.5 
mm,  d 1.0429  at  25/4°,  NQ  1.4635  at  25°; 
decomp  vigorously  on  contact  with  H2S04- 
This  high  nitrogen  compd  was  prepd  and 
investigated  as  described  in  the  refs 

Refs:  l)Beil  4,(360)  2)M.O. Forster  & 

H.S.Newman, JCS  99,1278(1911)  3)Th.Curtius 
et.al.Ber  45,1086(1912)  4)J  -C. Philip, JCS 
101,1868(1912) 

Mononitroaminoetbane,  02N  •C2H4-NH2, 
mw  90.08,  N 31.10%  - not  found  in  Beil 

Nitraminoethane,  N-Nitroethyl amine  or  Ethyl- 
nitr amine,  CHS*CH2  -NHN02,  mw  90.08, 

N 31.10%.  Col,  non-voiatile  liq  with  acidic 
reaction,  mp  +6°,  d 1.1675  at  15°,  Qv  372.82 

C 

keal/mol  and  23.1  kcal/mol(Ref  4).  Was 
prepd  in  1888  from  ethylester  of  N-ethylcar- 
bamic  acid  and  nitric  add(Ref  3).  Other 
methods  of  prepn  are  given  in  Refs  3 & 5* 
Nitraminoethane  forms  numerous  salts, 
of  which  the  following  are  explosive: 

Ba(C2  Hg  N2 02  )2  , mp  228°,  expl  at  higher 
temps;  Cu(C2  Hs N2 02  )2  + 2H20(?)  - expl  on 
rapid  heating;  and  Hg(Ci  H5  N2 02  )2  — expl 
on  heating  Ref  2) 

Refs:  l)Beil  4,569(568)  & [968]  2)A.P.N. 

Franchimont  & E.A.Klobbie,Rec  7,355—6 
(1888)  3)H.Umgrove&  A. P.N. Franchimont, 

Rec  16,388-93(1896)  4)F.Swarts,Rec  32, 

78(1913)  5)L.C.E.Kniphorst,Rec  44,697  & 
702(1925)  6)G.K£frtum  & B.Finkh,ZPhysChem 
B48,32(1940) (Ultraviolet  absorption  spectra) 
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Nitronitr ctmino ethane,  Oa  N • Ca  H4  * NHNOa , 
mw  7 35 .08,  N was  net  found  in  Beil 

or  in  CA  through  1956 

l-Niframino-2-nitroxyethane,  known  as  NENA, 
is  a deriv  of  aminoethanol(qv) 

AminoethonecarboxyHc  Acid.  See  Aminopro- 
panoic  or  Aminopropionic  Acid 

Ami  no  ethanedi  peroxide  or  Ethyl  aminoperoxide, 

H,N-  C,HS  -2H3Os>  oil;  obtained  by  treat- 
ing a coned  ethereal  soln  of  aminoethane 
with  a coned  ethereal  soln  of  HaOa . Its  expl 
props  have  not  been  examined 

Refs:  l)Beil  — not  found  2)G.L.Matheson 

& O.MaasJACS  51,680-1(1929) 

Aminoeth onoie  Acids  Same  as  Aminoacetic 
Acid  or  Glycine 


AMINOETHANOL(ETHANOLAMINE) 
AND  DERIVATIVES 


Ami  noethanol;  Mo  no  ethanol  amine;  Aminoethyl 
Alcohol  or  yS-Hydroxyethyl amine (Amino- 
oxyathan  in  Ger),  Ha  N * CHa  ■ CHa  ■ OH,  raw 
61.08,  N 22.93%.  Prepn  and  props  in  Beil 
4,274^424) & [717] 

Note:  Aminoethanol(monoethanolamine)  in- 
tended for  use  by  the  US  Ordnance  Corps 
must  comply  with  the  requirements  of  Speci- 
fication MIL-  m-2776 

Amino  ethanol,  Azido  Derivative,  CaHaN40 

— not  found  in  Beil  or  CA  through  1956 

Aminoethanol,  Diazido  Derivative,  C,HsN70 

— not  found  in  Beil  or  CA  through  1956 


l L,*r /t  i \ J: : J_7  CiL__ 

HniinoeTngnoi.D<»tw)ipcr\ii/  uiutiutj,  lmium wi- 

amine  di(cupric  azide)  or  Monoethanolamino- 
tetrazido-copper.  [(N.).  * Cu  — H.N  • CH.-- 
CHj  . OH-Cu(Nj)a],  dk  grn  crysts  explg  ca 
186°  or  when  thrown  on  a preheated  metal 
block.  It  was  obtained  in  a impure  state 
and  in  small  yield  from  Cu  diazide  and  amino- 


Refs:  l)Beil  — not  found  2)M.Straumanis 

Sc  A.Ciruiis.ZAnorgChem  251,352-3(1943) 
& CA  37,6574(1943) 


1 -Nitron ino-2-ethanol  or  /3-Nitrami noethyl 
Alcohol(l-Hydr  oxy-2-nitr  amino-ethane)  (a- 
Oxy-/3-rtitramino-athan,  in  Ger),  (OaN.  HN)CHa 
-CHa  * OH,  raw  106.08,  N 26.41%.  Thick,  col 
syrup,  misc  with  w.  Was  prepd  by  boiling 
3-nitrobxodxazoIetetrahydride, 


I / 

HaC-N  *NOa 


(called  in  Ref  2 /x-ceto-N-nitrotetrahydro- 
oxazol),  with  water 

Its  silver  salt,  AgCaHsNaOs,  a col  or  si 
greyish  powd,  detonated  on  heating  but  not 
as  violently  as  the  mercuric  salt,  Hg(Ca  Hs  N2  0})2 

_.l_ ' . _ £‘_  _ _ ^ Jt  _ I ! 

wince,  line  iiuj.z>,  vexy  ax  bui  m w 


Refs:  l)Beil  4,573—4  2)A.Franchimont  & 

A. Lublin, Rec  21,50-4(1902)  3)j.Vaughan, 
JCS  1950,74  8-9  & CA  44,6818(1950)  {Prepn 

0^  * **«  »V>  rt  I lx  y Uy/lrQ  Itrpi  o 

[CON(NOa ) CHa  CHa  ONOa  3a  I 


Ami  noethanol  (Ethanol  amine)  Dinitrate;  Nitroxy- 
aminoethane  Nitrate  or  Nitroxyethylammonium 


I ^ i i « NJI  C vuiy  lamiiJt  itiniakw, 


ethanolamine  Nitrate(Called  in  CA  Formula 
Index  vol  50,p  12F,  2-Aminoethanol  Nitrate 
Nitrate)  or  Nitroxyethylammonium  Nitrate], 
02NO-CHa ‘CHa‘NHj .NO,  or  (NO#XH,N*CHa- 


CHa  • ONOa ),  mw  169.10,  N 24.85%,  OB  to 
C0a  -14.2%.  Wh  crysts,  mp  103°,  d 1.53(cast). 


C~  on  kn  ku  fkp  nitrafirtn  nf  a m l nnPtk  'jnnl 


with  coned  HNOa  or  mixed  HN0S-Ha  S04(Refs 
2 & 3)*  I*  is  a powerful  expl,  with  a Trauzl 
value  of  78.5%  of  NG,  or  93%  of  TNT,  but  it 
is  unstable,  acidic  and  hygroscopic.  Although 
it  was  patented  in  Germany  for  use  in  expls 
(Ref  2),  Medard(Ref  5)  does  not  consider  it 

c .i ».  

auuauic  iui  uiai  p»ui.  pwot  vn  d\-  luuiii  ui 

extreme  hygroscopicity(See  also  Ref  4) 


Kefs:  i)Beii  — not  found  ^)Dynamit  A— u, 

GerP  500,407(1929)  & CA24, 4397(1930);  GerP 

OSS/ICnctt  St,  r A 9C  77W/1011V  C.r>rV 

✓ * / vx  

516,284(1929)  & CA  25,3362(1931)  3) 
Aubry,MP  25,189— 191(1932— 3)  4)Blatt, 

OSRD  Rept  2014(1944)  5)L.Medard,  MP  36, 
93(1954)  & CA  50  6795(1956) 
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l-Nitramino-2-ethanol  Nitrate;  N-^-Nitroxyethyl) 
nitramine  or  l-Nitramino*2-nitroxy-ethane  or 
NENA(  called  in  Ref  4 l-Nitroxy-3-nitro-2-aza» 
propane),  (02N  ♦ HN) . CH2  • CH,  . 0N0, , 
mw  151.08,  N 27.81%,  OB  to  CO,  -15.9%, 

OB  to  CO  +5.3%*  Yel  oil,  fr  p 15°;  volatizes 
rapidly  at  360°  without  expig;  but  it  expld 
when  struck  with  a 2 kg  hammer  falling  from 
a height  ca  107  cm(50%  pt)  vs  33  cm  for 
RDX.  When  heated  at  135°,  it  became  acidic 
in  75  mins.  It  is  nearly  insol  in  w.  Power  by 
ballistic  mortar  test  I33.9%(TNT  = 100%). 

Its  UV  absorption  spectra  are  discussed  in 
Ref  4 

NENA  can  be  prepd  from  aminoethanol  and 
ethylchlorocarbonate  by  the  following  series 
of  reactions: 

a) HjN  • CHj  ■ CH,  . OH  + C2  H,  • COOC1  + 

aqNaOH C2  Hg  • COO  ■ HN  . CH,  • CH2  - OH 

b) Add  the  reaction  mixt  dropwise  with  stir- 
ring to  98%  HNOj  at  10°:  CaH,  * COO  • HN~ 

CH,  • CH}  * OH  H^g^ca  Hs  • COO  • N(NO,}. 

CH,  • CH,  ■ ONO,  c)Add  NHS  to  the  ethereal 
soln  of  the  above  nitrate(ammonolysis)  and 
then  add  HCl  immediately 

C,  H8  • COO  * N(NO,  ) ■ CH2  * CH,  • QNOf-j 

NH*  » 0,N  • HN  • CH,  • CH2  • ONO, 

followed  by  HCl 

NENA  is  of  interest  from  the  standpoint 
of  expl  props  because  it  possesses  a struc- 
ture intermediate  betn  ethyleneglycoidinitrate 
(EGDN)  and  ethylenedinitramine(EDNA).  It 
was  proposed  as  a gelatinizer  of  NC  for  use  in 
propellants  and  also  as  an  ingredient  of  some 
expl  compns 

NENA  being  si  acidic(pH  2.7),  can  form 
salts,  some  of  them  expl:  silver  salt, 
C2H4N,0,Ag,  wh  solid  darkening  on  expo- 
sure to  light  and  decompg  ca  120°(Ref  1, 

P 72) 

Refs:  l)Beil  — not  found  2)A.T.Blomquist 

& F.T.Fiedorek,  OSRD  Rept  4134  & PB 
Rept  18867(1944),  30-31  3)Ibid,USP 
2,485,855(1949)  & CA  44,3516-17(1950) 

4)R.N. Jones  & G.D. Thorn,  CanJRes  27B, 

829  & 838-9(1949) 


2- Ami  no- 2, 2- di  nitroethanol  or  2,2-Dinitromono- 
ethonoi amine,  H,N*C(NO,),  -CH,OH,  mw 
151.08,  N 27.81%  — not  found  in  Beil  or  CA 
through  1956.  It  may  be  considered  as  the 
parent  compd  of  its  K salt  although  the  salt 
was  not  prepd  from  it 

Its  potassium  salt,  H,N*C(NO, ),  *CHaOK, 
yel  pdt,  prepd  from  K dinitroeth anolate  and 
NHS,  as  described  in  patents  listed  as  Ref  2 
It  was  proposed  as  a potential  ingredient  of 
expl  and  propellent  compns 

Refs:  l)Beil  — not  found  2)F.R.Schenck  & 

G. A.Wetterholm,  SwedP  148,217(1954); 

BritP  129,469(1955);  USP  2,731,460(1956) 
(Example  7)  & CA  50,1893,7125(1956) 

Aminoethanol,  Alkylderivotives  of.  N-alkyl 
derivatives  of  aminoethanol  and  of  aminodi- 
ethanol  were  patented  in  Germany  for  use 
as/ or  in  explosives. 

Refs:  l)Beil  — not  found  2)Dynamit  A— G, 

GerP  513,653(1930)  & CA  25,1675(1931) 

Aminoethanol  Derivatives,  Proposed  by  E. 
von  Hert  for  use  as/or  in  expls  included 
among  other  compds  the  acyl-  and  sulfonyl- 
derivs  of  nitrated  aminoethanol.  As  an  ex- 
ample of  an  acyl  derivative  may  be  cited 
the  compd, [0a  NO  • CHa  ■ CHa  • N(NO,  )CO]2  , 
mp  88°,  prepd  by  the  condensation  of  HO  ■ 

CHa  -CHa  ♦ NHa  with  (COOH)a,  followed 
by  nitration.  As  an  example  of  a sulfonyl 
(sulfuryl)  derivative  may  be  cited  [0,N0* 

CHa  * CH,  -N(NO,  )]S0, , prepd  by  condensing 
HO  • CHa  • CHa  «NHa  with  SO,  Cl,  followed 
by  nitration(Ref  3).  The  same  inventor  pro- 
posed another  deriv  of  amino  ethanol, 

C6Ha  (NO,  ),  • N(NO, ) • CH,  • CHa  • ONO, , which 
may  be  called  , l-nitroxyN-nitrQ-N~(2'  ,4*  .6'  - 
trinitrophenylyazninoethane  or  trinitrophenyl - 
ethanolnitr amine  nitrate(Ret  2) 

Refs:  l)Beil  — not  found  2)E.von  Herz, 

GerP  530,704(1930)  & CA  26,309(1932) 
3)E.von  Herz,  GerP  543,174(1930)  & CA  26, 
2598(1932) 
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AMINO ETHOXYPHENYLTETR AZOLES 
AND  DERIVATIVES 

AminoethoxyphenyltetrazoJes,  QH,,N5  O, 
raw  205.22,  N 34.13%.  The  following  isomer 
is  described  in  the  literature: 

5- Amino-  1-p-ethoxypbenyla-vic-tetra^ole  or 
l-p-Ethoxypbenyl-5-amino-  1H- 1,2, 3,4- 
tetrazole,  (p-C2  Hs  0 « C6H4) 

I 

HaN-C-N-N, 

i!  I! 

N N 

wh  ndls,  mp  197°(with  previous  shrinkage); 
fairly  sol  in  hot  w,  nearly  insol  in  cold  w & 
eth,  sol  in  hot  ale  & si  sol  in  cold  ale.  Can 
be  prepd  by  passing  a stream  of  C03  gas 
through  a boiling  mixt  of  p-ethoxyphenylthio- 
urea,  PbCOs  and  NaNs  in  alcohol.  Its  nitroso 
compd  is  expl(see  below) 

Refs:  l)BeiI  — not  found  2)R.Stolle  et  al, 

JPrChem  134,282-3  & 301(1932) 

Azidoaminoethoxyphenyltetrazoles,  C9Hl0NgO, 

— not  found  in  Beil  or  CA  through  1956 

Diazidoaminoethoxyphenyltetrazoles,  C9H9NltO 

— not  found  in  Beil  or  CA  through  1956 

5-Ni  trosami  no-  1-p-ethoxyphenyl-cj-vic-tetr  azole, 

(P“Ca  H,  O • C6H4) 

( 

ON  ■ HN-C-N-N 

II  II 

N N 

mw  234.22,  N 35.88).  Wh  ndls(from  acet),  mp 
defgr  ca  117°;  insol  in  w,  si  sol  in  hot  benz, 
fairly  so!  in  eth,  sol  in  ale  & acet.  Can  be 
prepd  by  adding  dropwise  to  a soln  of  5-amino- 
1-p-ethoxy-phenyl-crvic-tetrazole  in  dil  HC1  a 
ealed  amt  of  aq  NaNOa.  The  resulting  ppt  is 
treated  with  dil  soda  soln  and  dil  HC1  is 
added  to  the  dissolved  portion.  The  portn  un- 
dissolved in  soda  soln  is  unreacted  amino- 
ethoxy  phenyltecrazole 

Refs : l)Beil  — not  found  2)R.Stolle  et  al, 

JPrChem  134,282-3  & 302(1932) 


5-Nitramino-l-p-ethoxypbenyl-a-vic-tetrazole , 

(p-C2H5O.C6H4) 

o2n-hn-c~n-n 
' II  II 

N N 

mw  250.22,  N 33.59%  — not  found  in  Beil  or 
CA  through  1956 

Note:  No  higher  nitrated  derivs  were  found 
in  the  literature 

Aminoethyl  amine.  See  Ethylenedi amine 

Aminoethylation.  In  connection  with  its 
general  research  activities  in  the  field  of 
solid  propellants,  the  Interior  Ballistics 
Laboratory  of  the  BRL(B  alii  sties  Research 
Laboratory)  of  Aberdeen  Proving  Ground 
studied  the  polyaminoethylation  of  cellulose 
in  an  exploratory  program.  The  product  of 
this  reaction  process  was  called  AEC, 
aminoetbylcellulose.  It  was  formed  by  the 
graft  polymerization  of  ethyleneimine  onto 
cellulose  and  could  be  perch  lor  ated  to  yield 
a reasonably  stable  product  AECP,  amino- 
ethylcellulose  perchlorate.  The  subsequent 
successful  course  of  the  preparative  and 
burning-characteristic  studies  led  to  an  ex- 
panded program  of  research  and  development 
in  this  area.  Under  a contract  with  the  De- 
partment of  the  Army,  Ordnance  Corps,  the 
Wyandotte  Chemicals  Corporation,  Wyandotte, 
Mich,  undertook  an  investigation  comprising 
research  and  development  work  on  AEC, 
AECP  and  other  fast  burning  propellants 

By  March  1,  1957,  the  aminoethylation  of 
the  following  materials  and  compds  had  been 
achieved  by  the  Wyandotte  Chemicals  Corp: 
cellulose,  cellulose  derivatives,  regenerated 
cellulose,  2-hydroxy methyl-2-nitro-l,3-pro- 
panediol,  nylon,  polyurethane,  polyvinyl  al- 
cohol, polyvinylchloride,  protein(wool), 
starch  and  toluene  diisocyanate 

Refs:  1)T.S. Gardner,  JPolSci  1,289(1946) 

2)L.M.Soffer  et  al,BRL  Memo  Rept  No  674, 
Apr  1953  3)L.M.Soffer  et  al,Textile JRes  24, 
847(1954)  and  Refs  4)C.T.Lenk  et  al  of 
Wyandotte  Chemicals  Corp, "Studies  on  the 
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Preparation  of  Aminoethylcellulose  Perchlo- 

^ . ] A*1 r __  f-» _ ? . r-i  11  ■ i 

i.  ate  auu  e/Luci  jr  asi-Dui mug  rtupciiants  , 

Summary  Reports:  No  l(June  1955),  No  2 
(May  1956)  and  No  3(June  1957):  Contract 
No  DA-20-018-ORD— 13364,  Project  No 
TB  3—0230,  Wyandotte,  Mich 

Aminoethyl  ation  of  Cellulose  Derivatives 
and  of  Regenerated  Cellulose^  Cell  ulos  e ob- 
tained by  regeneration  from  a cuprammonium 
soln  of  cottonfin  the  manner  described  in 
Rept  No  2,p  14)  from  the  Wyandotte  Chem 
Corp  gave  an  amorphous  product  contg  ca 
23.5%  N when  heated  with  ethyleneimine  in 
a sealed  tube  at  120°  in  the  presence  of 
toluene.  The  cellulose  derivatives  carboxy- 
methylcellulose  and  hydroxy etbylcellulose 
(prepd  in  the  manner  described  in  Rept  No  3> 
pp  14—18)  gave  solid  products  with  nitrogen 
contents  of  24.8  and  28.1%  respectively, 
when  heated  with  ethyieneimine  in  a sealed 
tube,  in  the  manner  described  in  Rept  No  1, 

n 

r 

All  the  above  products  resembled  amino- 
e thy! cellulose  and  could  be  perch lorated  in 
the  manner  described  under  Aminoethylcellu- 
lose  Perchlorate 

Refs:  C.T.Lenk  et  al,  ’’Studies  on  the  Prepa- 

faMofi  Amtfino  nine  P^rrKl  Amra 

„ ' 

and  Other  Fast-Burning  Propellants”  , Wyan- 
dotte Chem  Corp  Summary  Repts  No  1(1955), 
No  2(1956)  and  No  3(1957) 

Am  innpthvl  n+inn  of  N.O.Hvrlroxvnrnnuh. 
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ethylenedi  amine,  ’’Monolene' ' , which  is  the 
trade  name  of  the  Wyandotte  Chemicals  Corp 
for  N-(  2’hydroxy  propyl )-  ethylene  diamine, , 

OH 

1 

l 

(CH,  ■ CH  * CH2 ) • HN  • CHj  • CH2  . NH2 , 
on  treatment  with  ethyleneimine,  in  the  man- 
ner described  in  Rept  No  2,p  18,  yielded  a 
dark  solid  ppt  contg  29-2%  N 

Ref:  C.T.Lenk  et  al,  ’’Studies  on  the  Prepa- 
ration of  Aminoethylcellulose  Perchlorate  and 
Other  Fast-Burning  Propellants”  , Wyandotte 
Chemicals  Corp  Summary  Rept  No  2 


Aminoethyl  ation  of  Toluene  Diisocyanate 
(AETDI).  Inasmuch  as  the  aminoethyl  ation 
of  polyurethane  had  apparently  degraded  the 
nnlvurerhane  and  yielded  a me th ano  1-insol 

r - j - — - j 

product,  it  was  of  interest  to  det  whether 
toluene  diisocyanate,  CH3  • C6Hs(NCO)2  , a 
precurser  constituent  of  polyurethane,  could 
also  be  aminoethylated  to  yield  an  insol 
ptouuci 


For  aminoethylation,  a soln  of  1 g of 
toluene  diisocyanate(80%  2,4-isomer  and 
20%  2,6-isomer)  in  10  mi  toluene  was  heated 


of  ethyleneimine  and  0.1  ml  of  benzyl  chlo- 
ride. The  material  insoluble  in  the  cooled 
reaction  mixt  was  washed  with  methanol  and 


ether  and  dried.  The  yield  was  8.6  g for  a 
98%  conversion  of  ethyleneimine  to  AETDI. 
The  product  was  a white  rubbery  solid  which 

h_j  1..  1 1 1 1 a ^ 
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compd  at  ca  150°  and  melted  when  placed  on 
a block  at  300°.  'When  3.0  e of  this  product 
was  perchlorated  with  70%  perchloric  acid 
in  methanol,  the  AETDIP  was  obtained  in  a 
low  yield(4.7  g instead  of  the  ealed  7.0  g) 
but  the  perchlorate  burned  readily  leaving 

„ 1 ...  „ ti : j..*. 
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Ref:  Same  as  under  Aminoethylvinyl  Chloride, 
Rept  No  3,p  29 

Ami  noethyl  cel  lulose(AEC)  (Pol  yaminoethyl  ated 
Cellulose).  The  aminoethylation  of  cellulose 
with  ethyleneimine  had  been  studied  prior  to 
WW  II  but  not  for  the  purpose  of  using  the  prod- 
uct as  a propellant.  Most  of  the  aminoethylated 
celluloses  pr^pd  tefore  v/ orlc  7/ 2 $ uridsrtsks n 
by  the  BRL  and  the  Wyandotte  Chem  Corp  un- 
der contract  with  the  Dept  of  the  Army,  Ord- 
nance Corps(see  Ref  1 under  Aminoethylation 
Reactions)  contained  only  a small  amt  of  ni- 
trogen. The  material  prepd  at  BRL  contained 
up  to  20%  N(Refs  2 & 3)  and  the  material  prepd 

Ktr  fK  A a r a a Art  >tii  na  r?  T/I_LW  M 
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(Ref  4) 


ihe  structure  and  formula  of  AtC  has  not 
been  clearly  established  but  is  assumed  to  be: 
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where  R = (CHa  CHa  NH^CH,  CHa  NH3  and 
n is  an  integer  usually  between  4 and  8 


It  seems  that  the  ethyleneimine  graft  poly- 
merizes on  the  hydroxy  groups  of  cellulose. 

It  is  not  known  to  what  extent  the  three  hy- 
droxyls of  the  an  hydroglucose  are  involved 
in  the  reaction  but  it  is  safe  to  assume  that 
the  more  reactive  OH  group  of  the  6th  carbon 
would  be  more  aminoethylated  than  other 
OH  groups 

For  discussion  of  the  reaction  of  cellulose 
with  ethyleneimine  see  Refs  1,2  & 3 


For  the  prepn  of  AEC  with  a N content  of 
ca  20%,  BRL  treated  a small  amt  of  cellulose 
with  a large  excess  of  ethyleneimine  in  a 
bomb  reactor  at  160— 200°  for  6—20  hrs  and 
recycled  the  product  2 or  3 times  under  the 
same  conditions  to  get  a higher  N content 
(Refs  2 & 3).  Later  work(Ref  4)  raised  the 
N content  to  a max  of  28.8%.  This  material 
was  used  for  the  prepn  of  fast  burning  salts, 
such  as  the  perchlorates  and  nitrate.  A de- 
tailed description  of  the  prepn  of  high  nitro- 
gen AEC  is  given  in  Ref  4,  Rept  No  l,p  6 


Refs:  Same  as  under  Aminoethylation 


Ami noeth ylcel I ulose  Nitrate(AECN).  This 
salt  was  prepd  by  adding  50  ml  of  69%  nitric 
acid  to  a vigorously  stirred  mixt  of  10  g 
aminoethylcellulos e (27,2%  N)  and  75  ml 
absolute  methanol  and  then  continuing  to 
stir  for  9 hours.  After  leaving  the  resulting 
slurry  under  refrigeration  overnight,  it  was 
filtered  and  the  ppt  washed  with  methanol, 
then  with  ether,  and  dried  over  P,Oa  in 
vacuo.  Analysis  by  the  gravimetric  nitron 


method  showed  ca  53%  HNO,,  indicating  an 
approx  90%  conversion  to  AECN.  The  mate- 
rial burned  slowly,  leaving  considerable 
residue 

Ref:  C.T.Lenk  et  al,  "Studies  on  the  Prepa- 
ration of  Aminoethylcellulos e Perchlorate 
and  Other  Fast  Burning  Propellants’' , Wyan- 
dotte Chem  Cotp,  Summary  Rept  No  3(1  June 
1957),  18 

Aminoethylcellulose  Perchlorate(AECP)  or 
Pol  yaminoethylcellulose  Perchlorate.  This 
salt  was  prepd  by  adding  70%  perchloric  acid 
to  a vigorously  stirred  AEC(aminoethylcelIu- 
lose)methanol  mixt  cooled  with  an  ice  bath. 

A series  of  methanol  washes  removed  excess 
acid  from  the  salt(Ref  1 and  Ref  2, No  2,p  5). 
Yields  of  80— 85%  conversion  were  obtained 
with  the  N content  of  the  product  10—11% 
and  the  Cl  content  20—21%.  The  N content 
of  AEC  used  for  preparing  the  perchlorate 
was  26+% 

Following  are  some  properties  of  AECP: 
explosion  temp( PA  method)  305— 10° (5  sec); 
impact  test  with  2kg  wt— detonated  at  12"; 
bygroscopicity(%  gain  in  wt  at  RT  and  77% 
RH)  23%  after  6 days  and  22.3%  after  13 
days;  thermal  stability— relatively  stable  at 
85°  for  long  periods  of  time  but  decomp  ex- 
tensively at  125°  within  a week;  tensile 
strength— decreases  with  increase  in  perchlo- 
rate content;  solubility— insol  in  common 
solvents,  sometimes  dissolved  at  elevated 
temps  with  decompn,  swelled  in  some  polar 
liquids;  dissociated  to  some  extent  in  Ha0; 
compatibility  with  NC— incompatible 

It  seems  that  this  substance  is  not  as 
suitable  for  use  in  propellants  as  the  poly- 
ethyleneimine  perchlorate(qv) 

Refs:  l)L.M.Soffer  et  al,  BRL  Memo  Rept 

No  674,Apr(1953)  2)C.T.Lenk  et  al,  "Studies 
on  the  Preparation  of  Aminoethylcellulose 
Perchlorate  and  Othej  Fast  Burning  Propel- 
lants’’ , Wyandotte  Chem  Corp,  Summary 
Repts:  No  1(1955)>  No  2(1956)  and  No  3(1957) 


AMINO  ETHYLGUANI  DINE 
AND  DERIVATIVES 
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C(:NH)-NHj,  may  be  considered  as  the  par- 
ent compd  of  the  following  derivs: 

Azidoaminoetbylguanidine , CjH,^  — not  found 
in  Beil  or  CA  through  lQSfi 

Diazidoaminoethylguanidine,  CjH,Nl0  — not 

in  Da!  t nr  C 4 lOC/C 

• mia^awi  4 u u”-*  * v*  \jii  unuug ix 

1-/3- Nitramlnoethy  1-1 -nitroso-2-nitroguanidine, 

02  N • HN  • CH2  • CHj  - N(NO)  • C(:N  • N02 ) «NH2  , 
mw  221.14,  N 44. 34%.  Yel  crysts(from  abs 

nwi»ll.n/.!\  nr.  113°  Jnnnn.nn  TT1 «k. 

141V  A AJ  " i t*i  U«-VUlujjl&«  TT 

tained  by  treating  1-nitro- 2-amino- 2-nitraminoi- 
midazolidine . CH,  -N(NO,  )-C(NH„  )(NH  • NO, ) 

l‘  I 

CHj NH 

with  WaNOj  and  aq  HNOs.  Its  expi  props  were 
not  examined.  Being  a high  nitrogen  compd, 
it  might  prove  to  be  useful  as  a component  of 
propellants 

Refs:  l)Beii  - not  found  2)K.H.Hail,  A.F. 

McKay  & G.F. Wright,  JACS  73,2207(1951)  & 

C A A A 1000/10*0% 

-»Vj 


Note:  No  higher  nitrated  or  nitrited  derivs 
were  found  in  Beil  or  CA  through  1950 

j3- Aminoethylnitr amine.  See  under  Ethylene- 
diamine 


a_! I / i Pki\  ...  i ■ A n ii 

MminwTnyinyion\Mcnj  mg  ns  rercmoroTe 

(AENP).  A product(AEN)  contg  29-2  to  29.8% 
N was  obtained  by  heating  a small  amt  of 
nylon  with  ethylene imine  in  a sealed  tube. 
The  procedure  was  the  same  as  for  amino- 
ethylation  of  cellulose(see  Rept  No  l,p  6). 
AENP  was  prepd  by  adding,  with  stirring, 
a soin  of  50  mi  of  70%  perchloric  acid  in 
200  ml  ethanol  to  4 g AEN(28.8%  N)  in 
inn  ml  ethanol  = After  standing  for  several 
hours  the  AENP  was  filtered  off,  washed  by 
decantation  with  methanol  and  ether  and 
dried.  The  product  contained  ca  20.2%  Cl 
and  burned  readily  but  with  more  smoke  than 
aminoethyiceiiuiose  perchlorate  (See  also 
Aminoethylation) 


Ref:  C.T.Fenk.  "Studies  on  the  Preparation 
of  Aminoethyiceiiuiose  Perchlorate  and  Other 
Fast-Burning  Propellants'  ’ , Wyandotte 
Chemicals  Corp,  Summary  Repts:  No  1(1955), 
p 6 and  No  3(1957), pp  23-26 

Aminoethylpolyurethone(AEPU).  A white, 
rubbery  solid  contg  ca  30.6%  N was  obtained 
by  treating  1 g of  polyurethane(dis solved  in 
25  ml  of  toluene)  with  10  ml  ethylene  imine 
and  0.1  mi  benzyi  chloride  in  a sealed  tube 
at  100°  for  43  hours.  Material  remaining  in- 
sol  in  ths  cooled  reaction  mist  wns  w ss hed 
with  methanol  and  ether  and  then  dried. 
Aminoethylation  of  polyurethane  was  accom- 
panied by  degradation.  The  dried  product 
should  be  suitable  for  perchloration(See  also 
Aminoethylation  of  Toiuene  Diisocyanate) 

Ref:  Same  as  under  Amino ethylpoly vinyl 
Chlor  i de 


A_: >L. . I _~1 I AU.U/ACPVA\ I 

-*»■•■/ »■■■/.  . .a,  — - 

Its  Perchlorote{AEPVAP).  Treatment  of 


PVA("ElvanoI’  ’ ) with  ethyleneimine  in  a 
bomb  reactor  at  100°  as  indicated  in  Rept 
No  2,p  37,  produced  AEPVA  with  as  high  as 
26.8%  N.  Treatment  of  the  dry  product  with 
70%  perchloric  acid  in  the  manner  used  for 


i..i L 1 *.»/  a rrn\ 

uiu  ruuvLiAjiwvitmv<9v  pt  iviiiUi  ate  j 


yielded  the  perchlorate(AEPVAP)  with  20.3% 


Cl  and  10.8%  N(See  also  Aminoethylation) 


Ref:  C.T.Lenk  et  al, 

AM  /S  C A < n a,  ] / 

laLiuii  ur  a i uij.utj’t-  y ± 


"Studies  on  the  Prepa^ 

— 11..! A /-»J 

V ilUlK/O  C Oliu  UUJt  A 


Fast-Burning  Propellants’ ' , Wyandotte 
Chemicals  Corp,  Summary  Repts:  No  2(1956), 


pp  34-38  and  No  3(1957),p  19 


A _ 1 aL  .I I I fl  /"* L I tJ./ACD\/r\  a J 

fMiiiuuoinyipuijrvKijri  Lmvngu\MLi  TL/t  n uc ep 

red,  gummy  product,  difficult  to  work  with  and 
contg  25,6%  N,  was  obtained  by  treating  one 
gram  of  PVC(in  10  ml  toluene)  with  10  ml  of 
ethyleneimine  and  0.1  ml  benzyl  chloride  in  a 
sealed  tube  at  100°  for  43  hours.  Material 
remaining  insol  in  the  cooled  reaction  mixt 


finally  dried(See  also  Aminoethylation) 


Ref:  C.  l.Lenk  et  al,  "Studies  on  the  Prepa- 
ration of  Aminoethyiceiiuiose  Perchlorate  and 
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Other  Fast-Burning  Propellants’  ’ , Wyandotte 
Chemicals  Corp,  Summary  Rept  No  3(1957), 
pp  27-29 


are  given  in  Rept  No  2,p  39*  A product  contg 
ca  26%  N was  also  prepd  at  atmospheric 
pressure  as  indicated  in  Rept  No  2,pp  39—40 


Aminoethylprotein(AEP).  A spongy  tan  gum, 
contg  ca  27.8 % N,  was  prepd  by  treating  wool 
fabric  with  ethyleneimine  in  the  manner  de- 
scribed under  Aminoethylvinylchloride.  The 
aminoethylated  wool  fabric  became  a gum 
when  soaked  in  methanol(See  also  Amino- 

n ^*1  \ 

cruiyiaLiou  Acacuuu^j 

Ref:  Same  as  under  Aminoe  thylpolyvinyl 
Chloride 


AMINOETHYLPROPYLUREAS 
AND  DERIVATIVES 


A Tfi  7 r}f~i &1  h\)l ^ r H W O mat/  Kp  rnn- 
y~t r/ w6"is-'3'-'  / 

sidered  as  the  parent  compds  of  the  following 
derivs: 


Azidoaminoetbylpropylureas,  C6H,4N60  — not 
found  in  Beil  or  CA  through  1956 


Diazidoaminoethylpropylureas,  C6H1SN90  — 
pp/  (pnnj  q»;i  r~  k .u  _ „ . . „u  ioc/: 

UV/L  1UWUU  All  IJV.11  OL  VyJl  UUt/U^il  Xy  J\J 


N-(/3-Nitraminoethyl)-N'  -propyl-urea), 

OjN  ■ HN  • CH2  • CHj  -HN  • CO  . NH  • C,H7,  raw 
190.20,  N 29.46%,  crysts,  mp  78.9-80.5°. 


T » 1 UJ1  D.  IT;-.*  n. 

\sy  wait  lx  n&igui 


in  Ref  2 


Refs:  l)Beil  - not  found  2)R.H.Haii  & 

G.F. Wright, J ACS  73,2212(1951) 


N-(/3-Nitraminoethyl)-N-propyl-N'  -nitro-urea, 

O j N • HN  . CHa  - CH2  -N(C,H7)  • CO  • NH  • N02 , 
raw  235.20,  N 29.78%,  crysts,  mp  130.2-130.5%. 
It  was  prepd  by  Hall  & Wright  as  described 


Refs  — same  as  above 

Aminoethylstarch(AES)  and  Its  Perchlorate. 

A gummy  substance  contg  ca  28.3%  N was 
prepd  by  heating  anhydrous  soluble  starch 
with  ethyleneimine  in  toluene  in  the  presence 
of  a small  amt  of  ethylene chlorohydrin  in  a 
sealed  tube  at  100°  for  48  hours  and  then 
repeating  the  procedure.  Details  of  the  method 


Treatment  of  AES  with  perchloric  acid  in 
the  manner  described  under  aminoethylcellu- 
lose  perchlorate  gave  amino  ethyl  starch  per- 
chlorate (AESP)  with  a N content  ca  14%  and 


Since  the  AES  prepd  from  sol  starch  was 
not  stable  at  elevated  temps,  other  starches, 
such  as  rice,  corn,  tapioca  and  potato  were 

ifixrPQf  1 Pfif  Nr»  % h WnnP  nf 

& * • v — 

can  be  recommended  because  agglomeration 

occurred  and  workup  was  difficult 


After  this,  a modified  sealed  tube  proce- 
dure  was  used  for  soluble  starch  which  gave 
AES  with  28.4%  N and  the  AESP  with  21.9% 
Cl.  Details  of  the  procedure  are  given  in  Rept 
No  3,p  20(See  also  Aminoerhylation) 


Ref:  C.T.Lenk  et  a!,  1 'Studies  on  the  Prepa- 
ration of  Aminoe thylcellulos  e Perchlorate  and 
Other  Fast-Burning  Propellants’’,  Wyandotte 
Chemicals  Corp,  Summary  Repts:  No  2(1956), 
pp  39-40  and  No  3(1957), p 20 

AMINOETHYLTETR AZOLES 
AND  DERIVATIVES 


Aminoethyltetr azole s and  Etkylaminotetra - 

lei  <?  f H M mm  112  12  NT  /Cl  H 1 ft -f  *TU  ^ 

wf  ai  oi.j/i/fl.  iu^- 

following  isomers  are  described  in  the 
literature: 


5- Amino- 1-ethyl-cf tetratole  or  5-Amino- 1- 

1U  ▲ — . ▲_ -I  _ It  VI//-  TV  \ V V 

uriviruAUiv,  n2i.1  • L,- Tig  ^ . 


Crysts  (from  w),  mp  N N 

147—148.5°.  It  was  prepd  by  Herbst  et  al 
(Ref  3)  by  ethylation  of  5*aminotecrazole 
using  the  procedure  of  von  Braun  & Keller 
(Ref  2),  which  is  also  described  in  Ref  3, 

nn  140— 1/sap  {ilcn  Ppf 

r r — *• w \ * j / 


Refs:  l)Beil  — not  found  2)J.von  Braura  & 

IT/  I D £ r 1 Z'  "TT/  1 'H’l  -»\ti  l 4 tv I 

w»ivcnti,i;u  3)lWVl-nerDSE, 

C.W.  Roberts  & E.J.HarvillJOC  16,140-2 
& 146(1951),  CA  45,6630(1951)  4)L.A. 
Burkardt  & D.W.  Moore,  AnalChem  24,1582-3 
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(1952)  (X-ray  diffraction  pattern)  5)W.G. 
Finnegan,  R.A. Henry  & E.LieberJOC  18, 
788(1953)  & CA  48,7006(1954)  6)R.A. 
Henry,  W.G. Finnegan  & E.Lieber,  J ACS  76, 
89(1954)  & CA  49,2427(1955)  (Thermal 
isomerization  of  5-aniino-l-ethyltetrazole) 

5- Ethyl  am  ino-a-tetr azole  or  5-Ethylamino- 
IH-tetrazole,  (C2  Hs  )HN  ♦ C-NH-N , crysts, 

ii  li 


5-/3-Aminoethyl*lH«tetrazole,  H2N-  C2H4.- 
C-NH-N.  Its  hydrochloride,  CjH7Ns  • HC1, 

ll  II 

N N 

crysts,  mp  128-9°(frora  eth— alc^was  ob- 
tained by  refluxing  5-/S-benzamidoethyltetra- 
zole  suspended  in  dil  hydrochloric  acid. 

Refs : l)BeiI  — not  found  2)C. Ainsworth, 

JACS  75,5728-9(1953)  8t  CA  49,6928(1955) 


N N 

mp  175-6°(Ref  4).  This  is  one  of  the  5- 
alkylaminotetrazoles  prepd  and  studied 
after  WW  II  at  the  US  Naval  Ordnance  Test 
Station,  China  Lake, Calif.  It  is  the  product 
of  so-called  thermal  isomerization  of  5- 
amino-l-ethyl-tetr azole.  When  5-a^dno-l- 
ethyl-tetr azole  is  kept  in  the  molten  state 
at  ca  200°,  about  4%  of  it  is  isomerized  to 
5-ethyIaminotetrazole  and  the  following 
equilibrium  is  established  according  to  the 
equation 


(C2H,)HN- jj-NH-g  (Refs  3 & 4) 

Since  die  mp  of  the  isomerized  product(5- 
ethylaminotetrazole)  is  higher  than  that  of 
5-amino-l-ethyltetrazole,  the  equilibrium  may 
be  continuously  displaced  toward  the  iso- 
merized product  by  cooling  the  melt  to  be- 
low the  mp  of  the  isomerized  producc(Ref  3) 

The  isomerized  product  can  also  be  prepd 
directly,  similarly  to  one  of  the  methods  of 
prepn  of  5-methylaminotetr  azole  described  in 
Ref  2,p  785- 

Refs:  l)Beil— not  found  2)W.G. Finnegan  et 

al,  JOC  18,  780  & 785(1953)  & CA  48,  7006 
(1954  ) 3 )R. A. Henry  et  aljACS  76,89(1954) 
4)A.G. Whittaker  & D.W. Moore,  JChemPhys  25, 
366-7(1956)  & CA  50, 15229(1956)  (Observa- 
tion of  thermal  isomerization  of  5-ethylamino- 
tetrazole  by  nuclear  magnetic  resonance 
spectroscopy) 


Azidoaminoeihyltetrazoles,  CSH4N,  — not 
found  in  Beil  or  CA  through  1956 

Diazidoaminoe tbyltetr azole s,  CjHjNu  — 
not  found  in  Beil  or  CA  through  1956 

Aminoethyltetrazoles,  Nitrated  and/or  Ni - 
trited  Derivatives  were  not  found  in  Beil  or 
CA  through  1956 

AM1N0ETHYLTRI  AZOLES 
AND  DERIVATIVES 

Aminoethyltri  azoles,  C4H,N4,  mw  112.14, 

N 49.97%.  The  following  isomers  of  this 
high-nitrogen  compd  are  described  in  the 
literature: 

3*Amino-5-ethyl-a-sym-triazole  or  5-Amino- 
S-ethyl-lH-l^^-tri  azole  [Cal  led  in  Ger  3- 
Athyl-1. 2. 4-triazolon-(5)-imid], 

C2  Hs  • C-NH-N 


or 

HaN  - C-NH-N 

li  11 

HN — C - C2Hg 
or 

HN:C-NH-N 

i II 

HN C-C2H5 

Crysts(from  ethyl  acetate),  mp  152°.  Can  be 
prepd  from  aminoguanidine  nitrate  and  propi- 
onic acid.  Its  nitrate,  C4HeN4  • HNOs,  mw 
175-15)  N 39.99%,  crysts(from  et  acet  + alc), 
mp  167°,  is  a mild  explosive  which  is  sol  in 
hot  w and  ale 

Refs:  l)Beil  26,(79]  2)J. Reilly  & D. Madden 
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JCS  1929,816  & CA  23,3470(1929)  3)E. 
Lieber  & G.B.L.Smith,ChemRevs  25,255 
(1939) 

l.^AminoethylJ-a-sym-triazole  or  l-(2'  - 
Am  inoethyl-IH- 1,2,4-tri  azole, 

C2H4-  NH2 

I 

HC-N-N 

LJh 

Its  dihydrochloride,  C4HSN4  • 2HC1,  N 30.28%, 
crysts,  mp  182—3°,  was  prepd  by  hydrolyzing 
1/3-phchalimidoethyl  1,2,4-triazole  with  6 
normal  HCl(Ref  2) 

Refs:  l)Beil  — not  found  2 )C. Ainsworth  & 

R.G. Jones, J ACS  77,621  & 623(1955)  & CA 
50,1785(1956) 

3-(^S-Aminoethyl)-a- sym-triaiole  or  3-(2'  - 
Aminoethyl-  1H-  1,2,4-tri  azole, 

HC-NH-N 

I)  II 

N C-C2H4NH2, 

crysts,  mp  83  — 5°  . Was  obtained  by  treating 
3-^S-aminoethyl-l, 2, 4-triazole  dihydrochlo- 
ride in  abs  ale  with  Na  raethylate(Ref  2) 

Its  dipicrate,  CJ4H14N,0014,  N 23-97%, 
crystallized  from  ale  as  yell  cubes,  mp  190° 


Refs:  l)Beil  — not  found  2)J.C. Sheehan 

& C.  A. Robinson,  J ACS  71,1436  & 1439(1949) 
3)C- Ainsworth,  J ACS  75, 5728(1953)  (Pharma- 
ceutical props  of  some  tri azoles  and  tetra- 
zoles) 

Azidoaminoethyltriazoles  , C4H7N7  — not  found 
in  Beil  or  CA  through  1956 

Azidoaminoethyltriazoles,  C4H6Nt0  — not  found 
in  Beil  or  CA  through  1956 


3-Nitrosamino*5*ethyl>a>sym-triazole  or  5- 
N itro  sami  no- 3-ethyl- 1 H- 1 , 2, 4- tri  a zol e, 

C2H. -C-NH-N 

II  II 

N C • NH  • NO 


ON  - HNC-NH-N 


N. 


C.C2H5, 


also  called  5-Nitrosimino-3-ethyl-IH-  1,2,4- 
tri  azole,  ONN: C-NH-N  or 

I I 

HN C*C2H, 

3-  Ethyl-  1,2,4-tri  azol-5-diazoniumhydroxide, 

HO- (N:)N -C-NH-N 

^ di.CjHg;  mw  141.14, 

N 49.63%-  Its  structural  formula  has  not  been 
definitely  established  and  no  methods  of 
prepn  or  props  are  given 


Refs:  l)Beil  - not  found  2)C.  Ainsworth 

& R.G. Jones, JACS  75,4917(1953)  3)H>id, 
JACS  76, 565 1-4(1954) (Some  pharmaceutical 
props)  4)R.G. Jones  & C. Ainsworth, USP 
2,710,296(1955)  & CA  50,5768(1956) 

4-(/3-Aminoethyl)-a-vic-triazole  or  1H- 
1,2,3-Tri  azole -4-ethyl  amine, 

HC-NH-N*, 

II  II 

H2NC2H4-C N 

crysts,  rap  157.5-159°;  sol  in  w & in  hot  ale; 
nearly  insol  in  eth,acet,  ethyl  acetate  & 
chlf.  Was  prepd  by  treating  1,  2,3'triazole- 
4-ethylaraine  hydrochloride  with  Na  ethoxide 
in  ethanol,  whereas  the  hydrochloride  was 
obtained  from  1,2,3’Carboxaldehyde  by  a 
series  of  reactions  described  in  Ref  2 


Refs:  l)Beil  26[80)  2)J. Reilly  & D. Madden, 

JCS  1929,8l6( give  only  the  chloroauric  salt  of 
the  above  compd,  under  the  name  of  5-diazo- 
3-ethyl-l,2,4-chIoroaurate,  2C4H5Ng  Cl,Au,H2  0) 

Hitraminoethyltriazole,  C4H7NS  02  — not  found 
in  Beil  or  CA  through  1956 

Nitronitraminoetbyltriazole,  C4H6N#04  — not 
(found  in  Beil  or  CA  through  1956 

3-(/3-Ethylaminoethyl)-a-sym-triazole  Dipicrate, 

CiaH1#Nt0O14,  mw  598.40,  N 23.41%,  ndls, 
mp  161°.  Was  prepd  by  interaction  of  3*08- 
chloroethyl)-!, 2, 4-triazole  hydrochloride  and 
ethylamine,  followed  by  treatment  of  the  re- 
action product  with  picric  acid 

Refs:  l)Beil  — not  found  2)C. Ainsworth 


& R.  G. Jones, JACS  76,5654(1954)  & CA  49, 
13980(1955) 


3-(/3- Diethyl  amino  ethyl)-a-sym-triaxole 
Dipicrate,  Ca0Ha  aNlCOu,  raw  626.46,  N 22.36%, 
prisms,  mp  160°.  Was  obtained  from  3“(/S- 
cnioroethyl)-I,2,4*triazoie  hydrochloride  and 
diethylamine,  followed  by  treatment  of  the 
reaction  product  with  picric  acid 


Refs:  l)BeiI  — not  found  2)C. Ainsworth  & 

Q n T A/~C  TZ  A\  o.  & A Q 


13980(1955) 

AmiNGETHYLUkEAS 
AND  DERIVATIVES 


2-Aminoethylurea(^S-Araino-athy  1-harnstoff 
in  Ger),  HaN-CH2-CH2-NH-C(:0)-NH3, 
raw  103.13,  N 40.75%.  Prepn  and  props  are 
given  in  Beil  4,  [693] 

Azidoaminoethylureas,  CSH,N  60  — not  found 
in  Beil  or  CA  through  1956 

Diazidoaminoe  tbylureas,  CjH7N90  — not 
found  in  Beil  or  CA  through  1956 

^(2-Aminoethyl)-1-nitrourea  or  3/3-Amino- 

ethyl  nitrq urea.  H2  N * C8i  -THi  — NH— C(!0) 

-NH-NOj,  raw  148.13,  N 37.83%.  Crysts, 
mp  136— 7°(decomp) 

According  to  CA  46,1988a(1952),  the  compd 
prepd  by  S.S. Barton,  R.H.Hall  & G.F. Wright, 
JACS  73,2205(1951),  from  2-nitrimino-2- 
imida2olidone  and  called  by  them  2-hydroxy- 
2-nitraminoimidazoiine,  might  be  the  above 
nitrourea 

The  same  compd  was  pcepd  by  M.W. Kirk- 
wood & G.F. Wright, JACS  76,1838(1954),  who 

J ? a-  *>  D A Jjaa  a J L>.  I -M-*  d 4 JHJS  autrt  /f  A A TIT  *-%  e aU  A. 

UiUUC  U 1 L v&iuxo^- 

terized  by  its  X-ray  diffraction  pattern 

The  kinetics  of  the  aikaiine  hydrolysis  of 
3/3-aminoethylnitrourea  has  been  studied  at 
os0  Kt,  M .Ai Welnber fo  A.  F. McKay.  JACS 
77,1321-4(1955);  CA  49,10272(1955) 

noethy!)-  !-aifrayrqq_  3-(jB-Nitra- 

minoethyl)-l-nitrourea,  or  (2-Nitraminoethyl)- 


nitrourea,  (Called  1^3-Nitraminoethyl-3- 
nicrourea  by  McKay  et  ai),  GaN  • HN-CHa 
-CHa-NH-C(:0)-NH-NOa,  mw  193.13, 

N 36,24%.  Wh  crystsffrom  et  acet  or  hot  w), 
mp  104— 105°-  Was  prepd  from  l-nitro-2- 
nitriminoimidazolidineCHa  -N  • N0a 

j nc=n  . no2 

CHa-NH 

and  NaaC0j  or  NaOH  in  HaO. 

0^/5.'  ! not  found  2)!^.^FKir^ood 

& G.F. Wright,  JOC  18,638(1953)  & CA  48, 
6968(1954)  3)A.F. McKay  et  al,  JACS  76, 
6372-3(1954)  & CA  49,15861(1955) 

Aminoformaldehvde  and  Derivatives.  See 

Formamide  and  Derivatives 

1UUIAAII  til  C 

flWinVOUMnMLWi-t 

AND  DERIVATIVES 


4*Aminoguanazole;  4*Amino-3,5-diimino« 
1,2,4-triazolidine;  3f4,5-Triamino-a-$ym- 
triazole  or  Guanazine,HN:C-NH -NH 


iij  l1!  - 

or  HaN . C=N-N,  mw  126.13,  N 66.64%. 

I II 

HaN  -N C-  NHj 

Col  crysts(from  w or  ale),  mp  255  — 7°(decomp), 
easily  soi  in  w,  diff  sol  in  ale  and  insoi  in 
eth,  benz  and  ligroin,  reacts  strongly  alka- 
line. nrend  Ku  Heafino-  irs  hvrtrnhrnm  ide 

..  ...  r-  -f / --  " ' C7  - J 

with  Pb  hydroxide  for  several  hours  in  w at 
100°.  The  hydrobromide  was  obtd  by  treat- 
ing either  hydrazine  or  N,N'  -diaminoguani- 
dine  hydrobromide  with  cyanogenbromide 
(Refs  2,3  « 4)-  IcS  COFi5ii.Lui.iGFi  waS  cSiab" 
lished  by  Stolle(Refs  4 & 5) 

It  forms  salts,  some  of  which  arc  explosive, 
eg,  the  nitrate,  CaH4N6*  HNOs,  crysts,  mp 
210°.  expl  when  heated  on  a Pt  foilfRef  3) 


Refs : l)Beii  26,206  & (61) 


2)G.Pellizzari 

a\ru:^  r-o,-. 


351,300  & 302(1905)  4)G.Pellizzari  & A. 
Repetto,Gazz  3711,319(1907)  5)R.Stolle, 
JPrChem  75,423(1907)  6)R.Stolle  & 


W.nietrirh.JPr  Chera  139;  209(1 934)  S'  CA  28_ 
2714(1934) 
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in  Beil  or  CA  through  1956 

Diazidouminoguanazoles,  C2H4Nl2  — nor 
found  in  Beil  or  CA  through  1956 

Nitrated  and/or  Nitrited  Derivatives  of  4~ 
Amino guanazole  were  not  found  in  Beil  or 

r A fhrmioh  10^ 
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AMINO  GUANt  DINE 

AND  utRiVATiVES 

Aminoguanidine  or  Guanylhydrazine(Kohlen 

saure-amidin-hydrazid  or  Hydrazinmonocarbon- 
saure-amidin  in  Ger)  (Was  called  Araido- 
guanidin  by  Thiele),  abbr  as  AGu,  H2N  «~ 
C(:NH)  .NH-NH2,  mw  74.09,  N 75.63%, 

OB  to  C.O_  — 108%-  Crysrs.  mn — decomn.  sol 
in  w,  insol  in  ale.  Can  be  prepd  by  the  reduc- 
tion of  nitroguanidine  by  Zn  dust  in  dil 
AcOH  or  by  other  methods. 

Aminoguanidine  Nitrate(AGuN).  CH.N.-HNO.. 
mw  137.11,  N 51.08%,  OB  to  C02  -17.5%, 

OB  to  CO  -5.85%.  Col  crysts,  mp  144-145°; 
expl  at  higher  temp.  Sol  in  w and  ale.  Its 

soly  in  w at  various  temps  is  given  in  Ref  3* 
r* i J :« i_,  -i : i «u  l.. 

v_,«u  l»^  aii  hi.  any  Lii^uicu^ai  y a \.iu  yjy 

treating  1 mol  of  aminoguanidine  bicarbonate 
with  1 mol  of  dilute  (1:1)  nitric  acid(Ref  3)- 
When  an  aq  soln  of  the  nitrate  was  heated 
with  NaN02  and  AcOH,  as  described  in  Ref 
2,p  48,  a yei  amorphous  substance, C2 H#NI0O, 
was  obtained.  It  expld  on  heating 

Due  to  the  high  mp  of  AGuN  it  cannot  be 
used  alone  for  cast  loading  projectiles.  Its 

mn  mav  somewhat  reduced  hv  ineoroor arino 

K / “ - ”/  1 £> 

either  AN  or  GuN.  For  instance,  the  rap  of  a 
59/50  mixt  of  AGuN/AN  is  109°  and  of  an 
85/15  mixt  of  AGuN/GuN  is  126°(Ref  3) 


mw  303.20,  N 32.34%.  Yel  crysts(from  w); 
mp— expl.  Can  be  prepd  by  the  action  of  PA 
or  a picrate  on  a salt  of  aminoguanidine  in 
aq  soln 

Refs : l)Beil  6,279  2)J  .Thiele, Ann  270, 

27(1892) 

Azidoaminoguanidine,  CH5N7  — not  found  in 
Beil  or  CA  through  1956 


Diazirinaminoguanidine.  CH^N.5  — not  found 
in  Beil  or  CA  through  1956 


hi  .G... _■  _J_* nv  I.IKT  r/AllJN  XT  TJ  - 
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NHj , mw  88.07,  N 63.62%.  This  compd  is 
listed  in  CA  47,  1044  g(1953)  as  being  prepd 
by  C.Holstead  & A.H.Lamberton,JCS  1952, 
1889-  It  is  evidently  an  error  because  the 
compd  described  is  nitram  inoguanidine(see 
below) 


AGu  forms  salts,  nitrated  and  other  derivs, 
some  of  them  expl.  Several  AGu  salts  were 
scudied  in  France(Ref  6) 


Refs:  l)Beil  3,117(57)  & [95]  2)J. Thiele, 

Ann  270,23(1892)  & 302,332(1898)  3)J.A. 
Wyler,  USP  2,123,032(1938)  & CA  32,6674 


..t...  a.  r-  n T c :.L  /—I r, 
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25,213—71(1939)  (Chemistry  of  aminoguani- 
dine) (179  refs)  5)Degering(1950),470 

6) J.Barlot  & S.Marsaule,MP  35,349—64(1953) 

7) Wm.G. Finnegan,  R. A. Henry  & E.Lieber, 

JGC  iS,783  si  786-7(1953);  CA  48,7006(1954) 
(Substituted  aminoguanidines)  (See  also  Refs 


under  Nitroaminogiianidine) 


Aminoguanidinediazonium  Hydroxide(Amido- 

guanidindiazonydroxya,  in  Ger)  are  the  names 
(misnomers)  first  given  by  K. A. Hofmann  & 
R.Roth.Rer  43;682 — 4(1910)  to  a rompd  of 
the  formula  C2  H7N,0OH,  which  is  now  known 
as  guanylnitros aminoguanyltetrazene , also 
called  tetracene 


Refs:  l)Beil  3,117  2)J. Thiele, Ann  270, 

25-6  & 48(1892)  3)J.BarIot  & S.Marsaule, 

MP  35,357-61(1953) 

Aminoguanidine  P icrate(AGuP)  (Called  Amido- 
guanidinpikrat  by  Thiele),  CH6N4+CeHsNj07, 


N itram inoguanidine(N AGu)  Aminonitroquani- 
dine  (N* -Nitro-N- aminoguanidine  or  1-Amino- 
3-nitroguanidine),  CH,N,  02,  mw  119.09,  N 
58.82%,  GB  to  CG2  -33.6% 

Note : NAGu,  possessing  a labile  H atom,  is 
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capable  of  existing  in  two  forms,  one  of 
which  has  acid  characteristics  and  conse- 
quently is  able  to  form  metallic  derivatives. 
The  structure  of  the  normal  form  is  assumed 
to  be  0aN  -NH  -C(:NH)’NH-NHa  and  of  the 
pseudo-acid  form 

hon 

N :N  • C(:NH)  • NH  • NHa 

or 

NAGu  consists  of  wh  monocl  crysts(from 
w),  appareot  d 0.22  g/cc,  mp  184°(decomp); 
expl  ca  190°.  When  heated  on  a metallic 
spatula  near  a flame,  each  particle  of  NAGu 
expl  as  it  is  ignited  by  the  flame.  It  may  be 
ground  in  a mortar  without  producing  an 
expln.  One  of  the  methods  for  its  prepn  is 
the  interaction  of  nitroguanidine  with  hydra- 
zine sulfate  in  ammonia.  This  and  other 
methods  are  described  in  Refs  1,2, 3, 4a, 6, 

7,8  and  9 

The  following  properties  of  NAGu  were 
detnd  at  Picatinny  Arsenal;  brisancef by 
sand  test)  39-8g(TNT  43. 0g);  minimum  cbge 
for  detonating  0.4g  of  NAGu  in  sand  test,  0,27g 
of  MF  & 0.20g  tetryl;  poiier(by  ballistic 
mortar  test,  deflection  with  lOg  sample)  14° 
(TNT  12°25'  );  impact  test  with  2kg  wt 
22cm(tetryl  30cm);  friction  pendulum  test 
(with  steel  shoe)  snaps  but  does  not  burn  or 
detonate;  ignitability  — not  ignited  by  black 
powder  fuse;  explosion  temp(5  secs)  190°; 
bygroscopicity  at  30°  and  90%  RH,0.72%  in 
96  hrs;  100°  heat  test,%  loss  in  1st  48  hrs 
0.12,  2nd  48  hrs  0.15  and  no  explosion  in 
100  hrs;  120 ° vacuum  stability  £est,ll+cc 
in  16  hrs;  solubility  at  30°  in  g/100  cc  of 
water  1.07(0.32  at  10°),  ethanol  0.59,  metha- 
nol 0.55,  acetone  3.3  and  ethylenedichloride 

0.32(See  also  Ref  7a);  270.14  kcal/mol 

and  +5.30  kcal/mol(Refs  4a  and  11) 

NAGu  reduces  Fehling’s  soln  with  the 
formation  of  an  expl  copper  salt,  it  also  re- 
duces an  ammoniacal  AgNO,  soln  with  the 
formation  of  an  expl  silver  salt  and  some 
gases(See  under  Nitrami noguanidine  Salts) 


Refs:  l)Beii  3,  [101]  2)R. Phillips  & J.W. 

Williams,  JACS  50,2465-70(1928)  (Prepn  and 
props  of  NAGu)  3)E.R.Riegel  & K.W.Buch- 
wald,  JACS  51,492(1929)  (Ultraviolet  absorp- 
tion of  NAGu, etc)  4)E.Lieber  & G.B.L. Smith, 
ChemRevs  25,225(1939)  4a)A.J. Phillips, 
PATR  1104(1941)  and  PB  Rept  3054(1941) 

5) T. E. O’ Connor , G. Fleming  & J. Reilly, 

JSCI  68,309-10(1949)  (Diazotization  of 
NAGu  yielded  NGu  and  nitroguanylazide) 

6) Thorpe  4(1949)»148  (Prepn  and  props  of 
NAGu)  7)Navord  Rept  1 158,NOTS  214, 
Inyokern, Calif, May  1949(C)  (Prepn  of  NAG 
from  NGu  and  hydrazine  hydrate  according 
to  a conf  procedure  of  NOTS  7a)Wm. 

McBride  et  al,  JACS  71,2937-8(1949) 
(Solubility  of  NAGu  in  H20)  8)R.A.Henry 
et  al,JACS  72(1950)  (NAGu  was  obtained 
together  with  AGu  and  diaminoguanidine  by 
hydrazinolysis  of  NGu  in  aq  soln)  9)R.A. 
Henry  et  alJACS  73,474(1951)  & CA  46, 
1986(1952)  (Prepn  of  NAGu  by  adding  hy- 
drazine hydrate  drop  wise  and  with  stirring, 
to  NGu.  Analysis  for  detn  of  purity  is  de- 
scribed) 10)E.Lieber  et  al.JACS  73,2327— 
29(1951)  & CA  46,1987(1952)  (Study  of  the 
interaction  of  nitrous  acid  and  NAGu  re- 
sulted in  the  isolation  of  several  expl  prod- 
ucts, eg,  5-nitroaminotetrazole,  some  salts 
of  guanidinium-5-nitraminotetrazole  and  of 
nitroguanyl  azide)  ll)W.S.McEwan  & M.W. 
Eigg,JACS  73,4726(1951)  (Heats  of  combus 
and  formn  of  NAGu  and  other  compds) 
12)R.A.Henry,USP  2,617,826(1952)  & CA 
47,9352(-1953)  (Prepn  of  NAGu  in  50—60% 
yields  by  treating  N2H4-H20  with  HaNC- 
(:NH)*NHNOa  in  an  unbuffered  Ha  O-system, 
and  neutralizing  prior  to  isolating  the  NAGu) 
12a)C.Holstead  & A.H.Lamberton,JCS  1952, 
1889(Note  1)  (Prepn  of  NAGu)  13)F-L. 

Scott  et  al,JApplChem  2,370(1952)  & CA  48, 
3354(1954)  (Prepn  of  NAGu  by  adding  an  aq 
soln  of  N2H4-HaO  to  an  aq  soln  of  azido- 
nitroamidine,  Na-C(:NH)-NH  ■ N02  ) 14)W.D. 

Kumler  & P.T.SahJOC  18,669-72(1953)  & 

CA  48,6969(1954)  (The  structure  of  NGu  and 
NAGu) 

Addnl  Refs  on  NAGu:  a)R.A.Henry  & 
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G.B.L.SmithJACS  71,1872-3(1943)  & CA 
43,6983—4(1949)  (Rearrangement  of  NAGu 
in  a soln  of  ammonium  carbonate)  b)R.A. 
Henry  & G.B.L.SmithJACS  73,1858-9(1951) 

& CA  46,2502(1952)  (Some  reactions  of 
NAGu  with  methylamine)  c)E.Lieber  et  al, 
AnalChem  23,1594-1604(1951)  & CA  46, 
3857(1952)  (Infrared  absorption  spectra  of 
compds  of  high-nitrogen  content,  among  them 
NAGu)  d)E.Lieber  et  alJOC  18,218-28 
(1953)  & CA  48,1343—4(1954)  (Acetylation 
and  ring  closure  in  reduction  of  NGu  and 
NAGu)  e)W.D.Xumler,JACS  76,815(1954) 

& CA  48,8051(1954)  (Infrared  spectra  of 
NAGu  and  related  compds)  f)J.E.De  Vries 
& E. St. Clair  Gantz,  JACS  76,1009(1954) 

& CA  48,7995(1954)  (Speetrophotometric 
studies  of  dissociation  constants  of  NAGu 
and  related  compds)  g)L.M.HaII  et  al, 

JACS  77,6507-8(1955)  & CA  50,5376(1956) 
(Basic. equilibr  ium  constants  of  NGu  and 
NAGu)  h)L. A. Burkardt, AnalChem  28,323— 
4<1956)  & CA  50,7540(1956)  (X-ray  diffrac- 
tion patterns  of  NAGu  and  of  some  other 
guanidine  derivs) 

Nitrocminoguanidine(NAGu)  Salts.  As  men- 
tioned under  nitroaminoguanidine,  this  compd 
exists  in  two  forms:  the  normal  and  the 
pseudo-acid.  The  existence  of  a pseudo- 
acid form  explains  the  possibility  of  forma- 
tion of  metallic  salts 

The  following  heavy  metal  salts,  which  may 
be  considered  as  derived  from  the  pseudo- 
acid form  of  nitroaminoguanidine  are  explosive: 


Barium  Ni tr amino guanidinef  BaN  AGu), 

4b 


Ba 


\ 


!_(/ 


N:N  * C(:NH)  • NH  • NH. 


mw  373.52,  N 37.50%,  OB  to  C02 , Ha0& 

BaO  -21.4%.  Crysts,  mp  187°,  expl  at  higher 
temp.  Can  be  prepd  by  treating  an  aq  soln  of 
NAGu  at  ca  85°  with  a hot  slurry  of  Ba(0H)2 , 
filtering  and  cooling  to  obtain  crysts(Ref  2). 
A detailed  description  of  the  method  used 
at  PicArsn  is  given  in  Ref  3-  BaN  AGu  was 
patented  for  use  in  priming  compositions  and 
for  other  pur  poses  (Ref  4) 


Refs:  l)Beil  - not  found  2)K. D. Ashley , 

USP  2,251,101(1941)  & USP  2,286,327(1942) 
3)A.J. Phillips,  PATR  1183(1942), 8 4)L.R.V 

Clark, USP  2,325,742(1943)  & CA  38,489-90 
(1944) 


Copper  Nitroaminoguanidine(CuN  AGu), 


40 


Cu 


V 


N:N  ■ C(  :NH)  ■ NH  ■ NH2 


0 


raw  299.73,  N 46.73%,  OB  to  C02 , HaO  & 
CuO  -26.7%.  Crysts,  mp— expl.  Can  be 
prepd  by  treating  an  aq  soln  of  NAGu  with 
Cu  hydrate(Ref  2).  A detailed  description 
of  the  method  of  prepn  from  NAGu,  Cu  hy- 
drate and  Cu  acetate  is  given  in  Ref  3- 
CuNAGu  was  patented  for  use  in  priming  and 
other  explosive  compositions. 


Refs:  l)Beil  — not  found  2)K.D. Ashley, 

USP  2,251,101(1941)  & CA  35,7195(1941) 
3)A.J. Phillips,  PATR  1183(1942), 8 4)L.R.V. 

Cl  ark, USP  2,325,742(1943)  & CA  38,489-90 
(1944) 


Lead  Nitroaminoguanidine  {LNAGu), 


Pb 


\ 

!/ 


,N:N  • C(  :NH)  • NH  • NH, 


mw  443.37,  N 31.59%,  OB  to  C02 , H3  0 & 
PbO  -18.0%.  It  is  the  most  important  of  the 
NAGu  salts.  Pale  yell  crysts,  apparent  d 
0.092-0.096  g/cc,  loading  d 1.47,  mp  182°; 
insol  in  org  solvents,  hydrolyzed  by  boiling 
water.  Can  be  prepd  by  treating  an  aq  soln 
of  NAGu  with  Pb  hydrate(Refs  2 & 3)*  In 
Ref  4 is  given  a detailed  description  of  the 
lab  method  of  prepn  used  at  PicArsn:  NAGu 
(lg)  was  dissolved  in  25  cc  H20  and  brought 
to  65°.  Pb  hydrate(lg),  contg  85%  H30,  was 
slurried  in  15  cc  of  H20  to  which  was  added 
dextrin  or  urea  in  the  amt  of  0.5  to  1%  of 
the  wt  of  NAGu.  The  slurry  was  poured  into 
the  agitated  NAGu  soln  during  a period  of 
3 min  and  the  resulting  ppt  of  LNAGu  fil- 
tered off,  rinsed  with  H2  Q and  dried 

The  following  props  of  LNAGu  were 
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determined  at  PicArsn:  brisance( by  sand 
test,  when  initiated  by  MF)  29-9g(TNT 
43. Og);  explosion  temp(5  secs)  208°;  impact 
sensitivity  with  2 kg  wt  9cm(tetryl  30cm); 
hygroscopicity  at  30°  and  95%  RH  1-91%  in 
96  hrs;  100°  beat  tesf,  % loss  of  wt  1st 
48  hrs  0.40,  2nd  48  hrs  0.77  and  no  explo- 
sion in  100  hrs 

LNAGu  was  patented  for  use  in  priming 
and  initiating  compositions(Refs  5,6,7,  & 8) 

Tests  conducted  at  Pic  Arsn(Ref  4)  have 
shown  that  a compn  consisting  of  LNAGu 
33-6,  KClO,  14.3,  SbjSj  21.5  and  glass 
30.6%,  loaded  wet  with  2%  of  shellac,  proved 
to  be  suitable  for  caps  in  lieu  of  MF  or  LA 
compns.  The  impact  test  of  the  above  mixt 
with  a 2 kg  wt  was  2.5  cm,  and  the  delay 
assembly  of  a M-48  fuse  contg  that  mixt 
gave  no  failures  in  30  tests 

Refs:  l)Beil  — not  found  2)A.J. Phillips, 

PATR  1104(1941)  & PB  Rept  3054(1941) 
3)K.D. Ashley, USP  2,251,101(1941)  & CA  & 
35,7195(1941)  (LNAGu  and  a process  of 
making  it)  4)A.J. Phillips, PATR  1183(1942) 
p 8 4a)K.D.Ashley,USP  2,286,327(1942) 

(Ba  salt  of  pseudo-acid  of  NAGu)  5)L.R.V. 
Clark, USP  2,325,742  & 2,326,008(1943)  & 

CA  38,488-90)(1944)  (Use  of  heavy  metals 
salts  such  asPb  in  initiating  expls)  6) 
L.R.V.Clark,CanP  435,873(1946)  and  USP 
2,405,189(194 6)  & CA  40,6818(1946) 

(Electric  blasting  cap  contg  a base  chge  of 
PETN  and  a superimposed  initiating  chge 
comprised  of  a mixture  of  LNAGu  80  and 
KClOj  20%.  LNAGu  can  be  rendered  more 
stable  for  storage  by  incorporating  0.1  to 
5%  of  an  anhydrous  salt,  such  as  CuS04, 
capable  of  taking  up  Ht  0 and  NHS;  this 
prevents  catalytic  decomps  of  LNAGu) 
7)American  Cyanamide  Corp,BritP  593,878 
(1947)  & CA  42,7046(1948)  (Improvement 
of  the  method  of  prepn  described  in  USP 
2,251,101  for  the  purpose  of  increasing  the 
loading  density  of  crysts  from  0.4  to  0.6  or 
even  1.0-  In  the  new  method,  pptn  from  the 
aq  soln  of  NAGu  and  lead  hydroxide  is 


made  in  the  presence  of  more  than  0.001%  of 
a hydrophilic  colloid  based  on  the  wt  of  the 
slurry.  Suitable  colloids  include  Me  cellulose, 
animal  glue,  gelatin,  agar-agar  and  pepsin. 
Examples  of  various  mixts  suitable  for  blast- 
ing caps  are  given  in  the  patent)  8)L.R.V. 
Clark, USP  2,456,583(1948)  & CA  43,3200 
(1949)  (Same  as  previous  patent) 

Nickel  Nitroaminoguctnidine(hn  additive 
product),  2CHS  OjN5  + NiO,  mw  312.87,  N 
44.77%,  OB  to  C03  -20.4%.  Brownish  solid; 
mp—  expld  with  a flash  on  heating  in  a 
flame,  but  did  not  exp!  on  heating  in  a test 
tube  to  220° • Expld  mildly  on  impact.  Insol 
in  w and  in  most  org  solvents;  dissolves  in 
caustics  with  a blue  coloration;  decomp  by 
Hj  S04  with  the  formation  of  poisonous 
gases.  Can  be  prepd  by  boiling  a dil  soln 
of  ammoniacal  NiS04  with  a 1%  soln  of  NAGu 
in  the  presence  of  some  metallic  Ni  for 
20  min 

An  intense  deep-blue  coloration  develops 
when  a trace  of  a Ni  salt  is  added  to  an  aq 
soln  of  NAGu  contg  some  caustic  alkali.  The 
coloration  lasts  15—20  min  and  as  little  as 
0.0002  mg  may  be  detected  by  this  method. 

Cobalt  and  a number  of  other  metals  failed 
to  give  this  test(Ref  2,p  2467) 

Refs:  l)Beil  3,[J0l]  2>R. Phillip  & J.F. 

Williams ,JACS  50,2467-9(1928) 

Silver  NitroaminoguanidineiSN  AG\i).  An  explosive 
silver  compd  was  obtained  by  the  interaction 
of  aq  NAGu  and  ammoniacal  silver  nitrate 
in  the  cold.  The  composition  of  this  product 
was  not  determlned(Ref  2) 

Refs:  l)BeiI  — not  found  2)R. Phillips  & 

J.F.Wi lliams, J ACS  50,2467-9(1928) 

Nitronitrosaminoguanidine,  02 N • NH  • C(  :NH) • 

NH  NH  - NO,  mw  148.09,  N 56.72%,  OB  to 
C02  -10.8%.  Solid,  explg  at  210°,  Trauzl 
test  value  70%  PA,  impact  sensitivity  expressed 
as  Fl(figure  of  insensitivity)  93%  PA.  No 
method  of  prepn  is  given  in  the  literature  and 
in  Ref  2 
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Refs:  l)BeiI  — not  found 


ncn  rA  n * A A / i n i A\ 

wl_?i\ u rvc  pc  ; 


2)A.H.Blatt, 


Arr  i nog  uani  dine  and  Derivatives,  Analytical 
Procedures.  Some  info  on  this  subject  may 
be  found  in  the  following  papers:  1)R.P. 


m it  t 


4no  Ir'V.. 


5(1950)  (21  refs)  & CA  45,4990951)  (Behav- 
ior of  some  compds  contg— NH  • NOj  groups, 
such  as  NAGu,  in  attempts  to  reduce  them 
with  titanous  chloride)  2)R.A.Henry  et  al, 
JACS  73,474(1951)  & CA  46,1986(1951) 

(Detn  of  purity  of  NAGu  by  the  modified 
Jamieson  method  using  K iodate  for  titration 

3) J-E.De  Vries  & E. St. Clair  Gantz,  AnalChem 
25,1020-22(1953)  (10  refs)  & CA  47,1131-2 
(1953)  (Spectrophotometxic  detn  of  NAGu  etc) 

4) Wm.R.  Me  Bride  et  al, AnalChem  25,1042—6 
(1953)  « CA  47,9862(1953)  (Poten  dome  trie 

titrations  of  organic  derivs  of  hydrazine.  This 
includes  some  derivs  of  amlnoguanidine) 

5) P.D.Stemglanz  et  al, AnalChem  25,1111-13 
(1953)  & CA  47,9864(1953)  (10  refs)  (Reduc- 
tion of  NAGu  by  titanous  chloride)  (See  also 
addnl  refs  c,e,f  & h under  Nitraminoguanidine) 


Aminoguanidinium-3,5*bt$(nitramino)-asym- 
tri  azole  or  Aimnoguanidinium-3,5-di(nitramino)- 
1,2,4-tri  azole.  See  under  Dia min otri azoles 


A utkiA  ai  i nn/B  ni  ai  ■ i ti  i rM  lip 


ajyiinu t ldi uu^nkumc 


AND  DERIVATIVES 


2-(  Am  inoguanyl  )■  b iguanidi  ne, 

HjN  • C(  :NH)  ■ NH  • NH  • C • NH2 

II 

N • C(  :NH)  • NH  ♦ NHa , 
may  be  considered  as  the  parent  compd  of  the 
derivs  described  below 


0,  N • HN  • C(  :NH)  • NH  * NH  • C • NH  • NOa 

II 

N ■ C(  :NH)  • NH  • NH2  , 

mw  263.19,  N 58.54%.  Rosettes  or  col  ndls 

/f_^— \ J . ! innO  T ...  ^ 

^iiuiij  w )f  uctumg  viguiuuaiy  at  xoz,  ■ uupuic 

product  expld  at  180—2°.  W as  prepd  from  am- 
monium- 1.6-dinitro-2(am  in oguanyl)-bigu  an  ide  in 
cold  Hj  0 acidified  with  cone  HN0S  to  pH  4.5. 
X-ray  data  is  given 

Refs:  l)Beil  — not  found  2)R.A.Henry  et  al, 

JACS  75,95  & 96(1953);  CA  48,2052(1954) 


1, 6-D i ni fro- 2-(aminogu an yl)-bi guanidine.  Am- 


r u m 


Crysts,  mp  178—9  • Was  prepd  by  boiling  an 
aq  soln  of  bis-(aminoguanidinium)-l,6-diiiitro- 
biguanide  and  NH4C1  for  10  min 


Refs:  l)Beil  — not  found  2)R. Henry  et  al. 

JACS  75,957  & 959-60(1953);  CA  48,2051(1954) 


i,o-winiTro-z-vaminoguanyi/-Diguania  irie  puTrare, 


CjH9Nu04  ■ HN0S,  mw  326.21,  N 51.53%-  Wh 
crysts.  mp  1 15—  1 15;  5°(decompn).  Was  prepd  by 
adding  coned  HNOj  to  bis-(aminoguanidinium)- 
l,6-dinitro-2-(aminoguanyl)-biguanidine  drop- 
wise  in  cold  H2  O to  a pH  of  2.0,  followed  by 
filtration  and  chilling  the  soln  overnight  at  0° 


Refs:  l)Beil  — not  found  2)R. Henry  et  al, 

JACS  75,957  & 960(1953);  CA  48,2050  et 

seq(1954) 


Bi  s-(am  inoguanid;nium)-1,6-di  nitrobiguanidine 

or  Di-( amino guanidinium )*  l , 6-dmitrobiguani- 
dine,02N  ♦ HN  ■ C(  :NH)  - NH- NH  * C(  :NH)  *- 
NH-NOj  +2CH#N4,  mw  354-32,  N 63-26%. 

Yel  crysts,  mp  166— 7°(dec);  sol  in  w.  Was 
obtained  by  refluxing  nitroguanidine  and  hy- 
drazine hydrate  in  Me  OH 


Azidnaminnouarmlhicnian z'flfine.C.H.nN ..  and 

O'  V O ' "a  i"  ix 

Diazidoaminoguanylbigu<inidine,QJ\J&xi  — 
were  not  found  in  Beil  or  CA  through  1956 

Nitroaminoguanylbigucmidine  and  Nitramino- 

guanytbiguanidine, Cx^!o^1o^2  ~ were  not 

found  in  Beil  or  CA  through  1956 

lAnit  nrt  sj\  \.k;nmn  irl  trio 
lw^-  ’ 9 " ’ 3 * 


W o ■ 14  M <—  mm  • n cva non  i4  « ms 

Refs:  l)BeiI  — not  found  2)R-A-Henry  et  al, 

T A TC  An  A/1Af  ^ * A O AAr*  A/trte  /\ 


Bi  s-(am inoguan idi  nium)- 1, 6-dinitro-2-(arri  ino- 
guanyl)-biguanidine  or  Di~(  amino  guanidinium) 
l ,6-dinitrO‘2‘aminoguctnyl)-biguanidine , 


1 i-  - n 1 r«  i4pA.  0_  / /111!  S 
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0,N  • HN  • C(  :NH)  - NH  ■ NH  • C • NHNO,  +2CH6N4 

N • C(  :NH)  * NH  * NH, 

mw  411.37,  N 64.70%.  Rosettes  or  yel-orange 
ndls,  mp  147—8  (decompn);  readily  sol  in  cold 
H,0,  sparingly  in  boiling  MeOH  with  slow 
decompn.  Was  prepd  by  refluxing  nitroguani- 
dine  and  hydrazine  hydrate  in  abs  ale 

Note:  CH6N4  =aminoguanidine 

Refs:  l)Beil  — not  found  2 )R -Henry  et  al, 

JACS  75,957  & 959-60(1953);  CA  48,2050 
(1954) 

2-(Aminogoanyl)-l,6-4initro-bigucmidi  ne- 
benzalhydrazone,0,  N ■ HN  • C(  :NH)  * NH«- 
NH  • C ■ NH  - N02 

NC(  :NH)  • NH  • N : CH  • C6H, , 

mw  351.29,  N 43.86%.  Wh  ndls,  mp  178-80° (or 
181—3°)  with  decompn.  Was  prepd  by  shak- 
ing together  the  ammonium  salt  of  1,6-dini- 
tro-2*(aminoguanyl)-biguanide>  few  drops  of 
coned  HNOj  and  benzaldehyde.  X-ray  data 
are  given 

Refs:  l)Beil  — not  found  2)R. Henry  et  al, 

JACS  75,957  & 961(1953);  CA  48,2052(1954) 

Benzol  aminoguanidinium-l,6*dinitro>2-(amlno- 
guanyt)-bigganidi  ne  ben zalhydrazone, 

O,  N • HN  • C(  :NH)  ■ NH  • NH  ♦ C ■ NH  • NO,  +C8Hl0N4 

II 

NC(:NH)-NH-N:- 
CH  ■ CSH( 

mw  513.48,  N 40.92%.  Wh  platelets, 
mp  193°(dec).  Was  prepd  by  refluxing  bis- 
(benzalaminoguanidiniumj-l^dinitro  biguani- 
dine and  benzaldehyde  in  MeOH  or  by  re- 
fluxing 1,6-dinitrobiguanide  with  benzal- 
aminoguanidine  in  MeOH.  X-ray  data  are  given 

Note:  C,H1&N4  = benzalaminoguanidine 

Refs:  l)Beil  — not  found  2 )R.  A.  Henry  et 

al,  JACS  75,959(1953)  & CA  43,2051(1954) 

Bis-(benzalaminoguanidinium)-lr6'di  nitro* 
biguanidine  or  Di-(benzalaminoguanidinium)- 
1 ,6-dinitrobiguanide,  02N  ■ NH  • C(  :NH)  •’ 

NH  • NH  • C(  :NH)  ■ NH  • NO,  +2C0Hl0N4, 


mw  530.52,  N 42.28%.  Orange  platelets  (from 
ale),  mp  176—7  ; sparingly  sol  in  ale  & in 
ether,  sol  in  hot  w with  decompn;  dec  on  pro- 
longed heating  in  ale.  Was  prepd  by  shaking 
benzaldehyde  in  ale  with  bis-(aminoguani- 
dinium)-l>6-dinitro-2-aminoguanyl-biguanidine 
in  w.  X-ray  data  are  given 

Note:  CeH10N4  = benzalaminoguanidine 

Refs:  l)Beil  — not  found  2)R.A.Henry  et  al, 

JACS  75,957  & 960(1953);  CA  48,2052(1954) 

Aminoguanylaminoguanyl-tetrazene.  Same  as 
Bi  s-(am  inoguany  l)-tetrazen  e 

Aminoguanylnitraminoguanyl'tetfazene.  See 

under  Bis-(aminoguanyl)-tetrazene 

Am  i no guany I n i tro  s ami  no  guan  y I -tetrazene, 

designated  as  Tetrocene.  See  under  Bis- 
(amino  guany  l)-tetrazene 

Aminohemimeilitene;  5- Am  i no-  1,2,3-tri  methyl  - 
ben zene  or  3,4,  5*Tfimethyl  oniline(Amino- 
hemellitol  in  Ger),  H2N  • C6H,  (CH,),.  Ndls, 
mp  ca  75°.  Can  be  prepd  by  heating  sym-m- 
xylidene  hydrochloride  with  methanol,  or  by 
other  methods 

Refs ; l)Beil  12,1150  & (498)  2)L.Limpach, 
Ber  21,643(1888) 

Note:  No  azido-,  nitroamino-,  nitramino-derivs 
were  found  in  Beil  or  CA  through  1956. 

(See  also  Aminomesitylene  and  Aminopseudo- 
cumene) 

Aminoheptanes  or  Heptylamines,  C7Hl7N. 
Several  isomers  are  described  in  Beil  4,193 
(385)  & [652].  The  most  common  isomer  is 
1 -Aminoheptane  or  n-Heptyl  amine,  CH,  * (CH,  )s- 
CH2  *NH,.  Its  perchlorate  was  investigated 
by  R.L.Datta  & N.R.Chatterjee,JCS  115, 
1008(1918)  and  found  to  explode  at  265° 

Aminohexanes  or  Hexylamine  s,C4HlSN. 

Several  isomers  are  described  in  Beil  4,188, 
(384)  & [649—50].  The  most  common  isomer 
is  l-Aminohexane  or  n-Hexylam ine,  CH,-- 
(CH2  )4  ■ CH,  • NH,  . Its  perchlorate  was 
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investigated  by  R.L.DattaSc  N.  R.  Chatter  jee, 
JCS  115,1008(1918)  and  found  to  explode 
at  278°. 

1- Aminohexahydro-2,4,6-triimino-sym-triazine 
or  Am inoisomel amine,  called  in  CA  Hexo- 
hydro-  2, 4,6-tr  i i m i no-  s-tri  azi  ne, 

(HN:)C-N(NH2)-C(:NH), 

i I 

HN-C(:NH)-NH 

mw  141.14,  N 69.47%.  Solid,  mp— decomp  ca 
242°.  Can  be  prepd  by  treating  its  hydro- 
chloride with  10%  NaOH  so  In.  The  hydro- 
chloride was  prepd  by  heating  a mixt  of  K 
dicyanoguanidine  with  hydrazine  dichlo- 
ride in  water  on  a steam  bath  for  3 hrs, 
followed  by  filtration 

Ami  noisomelamine  was  patented  for  use 
in  resin  formulations,  ion  exchange  resins, 
pharmaceuticals,  etc(Ref  2).  It  forms  salts, 
such  as  picrate , mp  233° 

Note:  Aminoi  some  lam  ine  is  included  be- 
cause of  its  high  N content  as  a possible 
component  of  propellants 

Refs:  l)Beil  — not  found  2)J.J.Roemer 

& D. w. Kaiser, USP  2,729,639(1956)  & 

CA  50,14004(1956) 

Aminohydrazinomercaptotriazoles  or  Amino- 
hydra  zinotriazolethiones,  C3H6N6S,  mw 
146.12,  N 26.41%.  The  following  isomer  is 
described  in  the  literature: 

4-Amino-5-hydrazino-3-nnercapto-4H-S'triazole, 
or  4- Amino- 5-hydra zino-4H- 1,2, 4-triazole- 
3-thione  (Called  in  Beil  4mAmino-^'hydrazono^ 
3-thion-  1,2,4-triazolidin)  (Called  4*Arwino- 
3‘hydrazino-5-nercapto-  1,2,4‘triazole  in  Refs 
3,4  & 5),  H2N-HN‘C=N-IS1  or  H2N-N:C-NH-NH. 

I II  II 

H2N-N C-SH  CS 

Col  ndls,  mp  228°(Ref  2),  230-l°(Ref  3), 
228°(Ref  4),  si  sol  in  w,  insol  inalc  8e  eth, 
easily  sol  in  dil  acids  & alkalies.  Can  be 
prepd  from  2,5“dimercapto-l,3,4”thiadiazole 
or  by  other  method s(Refs  2—5) 

Re/s:  l)Beil  26,217  2)R. Stolle  & P.E. 

Bowles,I3er  41,1101(1908)  3)E-Hoggarth , 


JCS  1952,4817  & 4820  & CA  48,5181(1954) 
4)H. Beyer  et  aI,Ber  87, 1404(1954)  & CA49, 
15869(1955)  (Obtained  in  small  quantity 
during  the  prepn  of  thiocarbohy  dr  azide  by 
the  method  of  P.C.Guha  & S.C.De,jCS  1924, 
1215-8)  5)L.F.Audcieth  et  al.JOC  19,741 
(1954)  & CA  49,10857(1955) 

Aminohydrazinotetrazoles,  CHg N7,  mwll5.11, 
N 85.19%-  The  following  isomer  is  listed 
in  the  literature: 

1- Amino- 5-hydra  zino-vic(l,  2, 3,4)*tetrozoIe 

(Amino-  1-hy dr azino-5-tetrazol,  in  Get), 

H2 N • HN  • j^-N(NHa  )-N . Stolle'  and  Gaertner 

N N 

(Ref  2,p  213),  stated  that  this  compd  can  be 
prepd  by  treating  thiocarbohydrazide  with 
PbO  and  NaN},  but  they  did  not  describe  the 
method.  They  did,  however,  give  the  method 
of  prepn  of  l~amino-5-bydrazino-vic-tetrazole 
hydrochloride,  CHS  N7  • HCl,  It  yel  ctys  which 
vigorously  decompd  with  evoln  of  gas  ca 
171°;  easily  sol  in  w,  giving  a strongly 
acidic  soln.  Its  method  of  prepn  consisted 
of  heating  1-di  ben  zal  amino-  5-hy  dr  azi  not  etra- 
zole  with  20%  hydrochloric  acid 

When  an  aq  solo  of  aminohydrazinotetra- 
zole  hydrochloride  was  treated  with  NaN02 
and  a part  of  the  reaction  mixt  evaporated  to 
dryness,  the  resulting  crysts(contaminated 
with  NaCl)  expld  vigorously  when  heated 
in  a flame.  A still  stronger  expln  took  place 
when  a benzene  extract  of  the  above  reac- 
tion mixt  was  evapd  and  the  resulting  crysts 
heated  in  a flame 

Refs:  l)Beil  — not  found  2)R. Stolle  & 

E. Gaertner, JPrChem  132,213  & 222-3(1931); 
& CA  26,1607(1932) 

Ammohydrazinotriazoles,  C2H6N6,  mw  114.12, 
N 73.65%-  The  following  deriv  is  listed  in 
the  literature: 

3-Amino-5‘hydrazino-1,2,4-triazole  Dihydro- 
chloride, H2N.HN.C-NH-N  + 2HCI, 

u,  11 

N C-NH, 
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N 44.9%,  crysts,  mp  217°  with  vigorous  de- 
compn;  dissolves  in  w,  giving  a strongly 
acidic  soln,  nearly  insol  in  ale  and  insol  in 
eth.  Was  prepd  by  adding  the  dinitroso  deriv 
of  guana zole  to  a soln  of  SnCl2  in  HC1 

Refs : l)Beil  — not  found  2)R.Stolle  & 

W.Dietrich,JPrChem  139,199(1934)  & CA  28, 
2714(1934) 

AMINOHYDROX  Y ANTHR  AQUINONE  S 
AND  DERIVATIVES 

Aminohydroxyanthraquinone  s (Oxy  amino- 
anthrachinone,  in  Ger),  C,4H9N0,.  Vari- 
ous isomers  are  described  in  Beil  14, 
267-8,272-3)275,(502-3,  510,  512)  & 

[167-8,  172-4] 

Azidoaminohy  droxy  anthTaquinones,C%4\\Jl4Oz 

— not  found  in  Beil  or  CA  through  1956 

Diazidoaminohydroxyantbraquinones, 
C14H7N70j  — not  found  . in  Beil  or  CA  through 
1956 

Mononitroaminobydroxyantbraquinones, 

C14H,N2  0,  — not  found  in  Beil 

Nitr  aminohydroxyanthraquinone, Os 

— not  found  in  Beil 

Nitronitraninohy  droxy  anthraquinones, 
C14H7NsOj.  The  isomer  3'nitro-2‘nitramino- 
1-hydroxyanthraquinone  is  described  in  Beil 
16,681 

Dinitroamino Dinitronitramino-,  Trinitro- 
amino - and  Trinitronitr  amino-  by  droxy  ant  hr  a- 
quinones  were  not  found  in  Beil  or  CA  through 
1956 

Tetranitroaminohydroxyanthraquinones, 

CuHjNs On,  mw  419.22,  N 16.71%,  OB  to 
C02  -74.42%.  The  following  isomer  is 
listed  in  the  literature: 

2,4, 5f7-Tetran»tro-8-am  ino-l-hydroxy-an- 

thraqu\none(Aminocbrysammic  Acid  or 
Chrysammidic  Acid),  (2.4.5*7-Tetranitro-8- 
amino-l-oxy-anthrachinon  or  Chrysammid- 
saure  in  Ger)  (Called  by  Schunck  Amido- 
chrysamrain  saure), 


___C0 

H2N-C6H(N02)2  ^ C6H(N02)20H.  Its 

" — ■ CO 

ammonium  salt,  dk  olive-grn  ndls,  was  ob- 
tained by  heating  2,4,5,7-tetranitro-l,8- 
dihydroxyanthraquinone(chrysammic  acid) 
with  NHS.  This  salt,  as  well  as  those  of 
potassium  and  barium  deton  violently  on 
heating 

Refs : l)Bei!  14,274  2)E.Schunck,Ann  65, 

236-8(1848) 

Note:  No  higher  nitrated  derivs  of  amino- 
hydroxy  an  thr  a quinone  s were  found  in  Beil 
of  CA  through  1956 

Am inohydroxyazoben zones,  H0*CcH4-N:N- 
C6H4-NH2  or  C6H,  -N:N-C6Hs(OH)-NH2  . 

Various  isomers  are  described  in  Beil  16, 
304,322,(338)  & [148,  159] 

Note:  No  azido-  or  diazido-derivs  were 
found  in  Beil  or  CA  through  1956.  Only  one 
mononitro-  and  one  dinitro-deriv  are  listed 
in  Beil  16,402  & [1493  but  neither  is  expl. 

No  higher  nitrated  derivs  were  found  in  Beil 
or  CA  through  1956 

Aminohydroxybenzene.  Same  as  Aminophenol 

AMINOHY  DROXY  BENZOIC  ACIDS 
AND  DERIVATIVES 

Aminoby  droxy  benzoic  Acids  ( Amino-ox  y- 
benzosauren,  in  Ger),  H2N*C6Hs(OH)"COOH, 
are  described  in  Beil  14,577,579,587,589,592- 
3,(649-50)&  [350,352,355-7,359-60] 

Azidoaminohy droxybenzoic  AcjWs,C7H#N4Os 

— not  found  in  Beil  or  CA  through  1956 

Diazidoaminobydroxybenzoic  Acids, CTH5  N7Os 

— not  found  in  Beil  or  CA  through  1956 

Nitroaminobydroxybenzoic  Acids,  C7HSN2  Os , 
mw  198.13,  N 14.14%.  The  following  isomers 
are  described  in  the  literature:  3*amino-5" 
nitro-4-hydroxy-  and  3*araino-6-nitro-4-hydroxy- 
benzoic  acids. 

Refs:  l)Beil  14,598  2)J.NevoIe, Ber  77B, 
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61(1944)  & CA  39,288(1945)  (3-amino-4- 
hydroxy-5-nitro-benzoic  acid) 

Nitraminobydroxybenzoic  Acid  and  Nitro- 
nitr  amino  benzoic  Acid  were  not  found  in 
Beil  or  CA  through  1956 

Dinitroaminohydroxybenzoic  Acids,C7H5N30T, 

n>w  243.13,  N 17.28%,  are  not  described  in 
Beil,  but  the  following  nitrile  is  known: 

2,6-Din  itro-4-am  ino-3-hydroxyben  zonitrile 
or  2.4”Dinitro-6-omino-3-cyanphenol, 

H2N-C6H(N02  )2  (OH)-CN,  mw  224.13,  N 
25.00%.  Red-yel  pdr,  mp— expl.  Was  prepd 
by  treating  its  K salt  with  HCl,  whereas 
the  K salt  was  obtained  by  warming  picramic 
acid  with  KCN.  Some  of  its  salts  are  expl 
(Refs  1 & 2) 

Refs:  l)Beil  14,590  2)W.Borsche  & A. 

Heyde,  Ber  38,3941-2(1905) 

D ini  tronitr  amino-  and  Trinitro  amino  by  droxy- 
benzoic  Acids  were  not  found  in  Beil  or  CA 
through  1956 

Amino-  and  Hydroxy-methyfnitramines.  See 

Hydroxy-  and  Amino-methy lnitr amine  s 

2-Ami  no-2 -hydroxymethyl- 1,3-propanediol 
Trinitrate.  See  Tris(hydroxymethyl)-amino- 
niethane  Trinitrate 

l-Amino-5-hydroxy-l,2,3-triazole-4-corboxy- 
lic  acid  hydrazide  or  l-Amino-4'hydraztdo- 
carbon- 5- hydroxytriazole,(Called  1-Amino- 
4-hydrazidocarbon-5-oxytriazol  in  Ref  2), 
HOC-N(NH  )~N,  mw  158.13,  N 

I!  II 

H2  N-HN-OC-C N 

53.15%.  Crysts,  mp— decomp.  Was  prepd  by 
heating  l-a-naphthalene-sulfone-4-car- 
bethoxy-s-hydroxytriazole  with  an  excess  of 
hydrazine  hydrate  in  a sealed  tube  for  4 hrs 
at  95° 

Its  diammonium  so/r,C3Hl0NsO2 , N 58.9%, 
crysts,  mp  210°  accompanied  by  expln,  was 
obtained  from  the  mother  liquor  of  the  pre- 
vious operation 

Refs:  l)Beil  - not  found  2)H.  Bottler  & 

G.Hasse.JPrChem  125,377-8(1930)  & CA 


24,3230(1930) 

Aminohydroxytriazolopyrimidine.  Same  as 
Aminotriazolopyrimidinol,p  A271 

AM  INOIMID  AZOLES 
AND  DERIVATIVES 

2-  Aminoimidazole;  2-Ami  no- 1,3-di  azole  or 
2-Aminoglyoxalirte[lmidazolon  -(2)-imid,  in 
Ger],  H^-NH-^j-NH,  or  H^-NH-jj:NH, 

HC N HC NH 

mw  83.09,  N 50.57%.  Prepn  and  props  are 
in  Refs  1 & 2 

This  high  nitrogen  compd  forms  salts,  eg 
nitrat e, CjHgNj-HNOj,  plates  mp  135-6°and 
picra/e,  C3HsN3-C8H3N307,  ndls,  mp  236° 

Refs:  l)Beil  24,(188)  & [7]  2)R.G.Fargher 

& F.L.PymanJCS  115,246-7(1919)  3)K. 
Hoffmann,  "Imidazole  and  Its  Derivatives", 
Interscience, NY(1953),  141—2  (One  of  the 
monographs  on  the  Chemistry  of  Heterocy- 
clic Compounds,  edited  by  A. Weis sberger) 

Note:  No  azido-,  diazido-,  nitro-,  nitramino-, 
nitroso-  or  nitronitrosamino-derivs  were 
found  in  Beil  or  CA  through  1956 

4(5)- Ami  norm  id  azole  or  4(5)-Aminoglyoxa- 

line[lmidazolon-(4  or  5 )-ini id  in  Ger], 

HC-NH-CH  or  H2N:C-NH-CH,  mw  83.09, 

11  11  l 11 

H,N-C N HC N 

N 50.57%.  Prepn  and  props  are  in  Refs  1, 

2 & 3 

4(5)- Aminoimidazole  Dipicrate,C3HgN3  + 

2C6HjN307,  ndls,  darkening  at  200°  and 
melting  ca  234°.  A small  quantity  was  prepd 
by  Fargher  by  treating  4(or  5)- aminoimidazole 
with  picric  acid  in  w.  Its  expl  props  were 
not  determined(see  Refs  2,p  673) 

Refs:  l)BeiI  24, [8]  2)R.G.Fargher,JCS 

117,672-3(1920)  & CA  14,3219(1920)  3)G. 
Hunter  & J.A.Nelson,CanJRes  19B,296— 304 
(1941)  4)K. Hofmann,  "Imidazole  and  Its 

Derivatives’  Interscience, NY(1953)»  142—3 
(One  of  the  monographs  of  "The  Chemistry 
of  Heterocyclic  Compounds"  , edited  by 
A.  We  is  sberger) 


Aim 


4(5)- Amino-  5(4)-  i m i d azol  ecarboxami  di  ne, 

r U M 1 1/  M cc  ATw  — ««  J 

^4ii7ii|  , iii  w ljL,  j w x*4  f l\  jjmy//oy  waa  Lcp;iicu 

as  the  di hydrochloride, C4 H? Ns -2HCI,  N 35-3% « 
It  was  prepd  by  heating  adenine  sulfate  with 
HCl  in  a sealed  tube  at  150°  + 2°  for  2 hrs 


d 


i \i3„;  i n j 
1 ywtr  X — liW  ivuiiu 


1 


et  al,  JACS  71,3976(1949)  & CA  45,121(1951) 


^ : 

nutc.  nv  aciu v,  uia4*uv,  uhiv,  uiuauuuu-, 

nitroso-  or  nitronitrosamino-derivs  were  found 
in  Beil  or  CA  through  1956 


AMINOIMIDAZOLIDINES 


2- Aminoimidazolidine  or  2-Aminotetrabydroi - 
midazoi e,  Ha  C-NH-CH'NHj . This  substance 

Hai: 1*h 

may  be  considered  the  parent  compd  of: 


[lmidazoIidon-(2)-imid,  in  Ger]  HaC-NH-C-NHa 

HaC N 

or  H.C-NH-C=NH,  mw  85.11,  N 49.38%.  Its 
II 

n2t nh 

prepn  and  props  are  given  in  Beil  24, p 3 

It  forms  salts  and  yields  nitrated  and  ni- 
trited  derives,  but  no  azido-  or  diazo-derivs 
were  found  in  Beil  or  CA  through  1956 

2-Nitram ino-/V-imidazoline  or  2-Nitrami no- 
Aa-  1,3-di  azaeycl  openteneH,  C-NH-C-NH-NO, 

I II 

HaC N 

mw  130.11,  N 43.07%.  Solid,  mp  220-1°  with 

rl  P r*n  m r*  P an  Kp  tv  Anri  kt;  frna  fmrr  an  a n a I . 
r 

line  so  In  of  nitroguanidine  with  diaminedi- 
hydrochloride . Its  expl  props  were  not  ex- 
amined 


l-Nitro-2-cmino-2-nitraminoimidazolidine, 

Ha  C-N(N0j  )“C(NHa  )-NH-N0j , mw  192.15, 

r NU 

N 43.7%.  Solid,  mp  184. 8-185. 3°*  Was  ob- 
tained by  treating  l-nitro-2-nitramino-AJ- 
imidazolinOJ  Ha  C-N(NOa  )-ONH.NOa , 

l II 

u r \t 

“a  ^ 

with  ammonia  followed  by  acidification  to  a 
pH  of  1 with  aq  HCl(Ref  2,p  3993)-  Its  ex- 
plosive props  were  not  reported  in  Refs  2,3 
or  4 


Refs:  l)Beil  — not  found  2)A.F. McKay  & 

G.F. Wright, JACS  70,3991-3(1948)  & CA  43, 
2203(1949)  3)R-H.Hall,  A. F. McKay  & G.F. 
Wright, JACS  73,2205  & 2207(1951)  & CA  46, 


/vij  nr  iriJ., a-  /"*  it  vrt_ I _ u*. 

4;m.  w.aur-wuuu  <x  u.r « wiAgui, 


JOC  18,634  & 640-1(1953)  & CA  48,6968 
(1954) 


Note:  No  azido-  and  diazido-derivs  were 
found  in  Beil  or  CA  through  1956 


AMINOIMIDAZOLINES 
AND  DERIVATIVES 

2-Amlno-AMmidazoline;  2-  Ami  no-  Aa-1,3-^ 
diazacyciopentene;  2-Amino-4,5*aihydro-2- 

imidazole  or  H#N* -Ethyleneguanidine, 


Refs:  l)Beil  24  — not  found  2)A.F. McKay 

& G.F  .Wright,  JACS  70,430-1  & 3991-2(1948) 
& CA  42,2253(1948)  & 43,2203(1949)  3)Ibid, 
USP  2,525,927(1950)  & CA  45,2513(1951) 
4)A.F. McKay,  J.P. Picard  & P.E. Brunet, Can 
T rlipm  *>0  i/io*:  i \ r x AA. 

■J  jr  / v.  -rw,*,/wi-4.y±yyx./ 

(Structure  of  2-nitramino-Aa-imidazoline  by 
UV  absorption  spectra) 


2-Amino-l-nitro-Az- imidazoline, 


w f-M/Mn  v 

**J  ^ -’V-’  "1  J 


Hj  C N 

Crysts,  mp  133.5° * Can  be  prepd  by  treating 
2-am ino-l-nitro-Aa  -imidazoline  hydrochloride 
with  InH4OH.  Prepn  of  the  hydrochloride  is 
described  in  Ref  2,p  1618 


Its  nitrate,^ H7NS  U5 , mw  193.12,  N 36.26%, 
mp  l6l°(with  decomp),  was  prepd  by  treat- 
ing N -j6- di?  rosy  e thy  1-N ' -nitroguanidine, 
OjNO-CHj -CHa  -NH-C(NH)-NH*N02 , as 
indicated  in  Ref  2,p  1619*  Its  picrate, 
C»H»N709,  mw  359.22,  N 27.30%,  crysts,  mp 
189.6°,  was  prepd  by  treating  2-amino-l- 

A 2 j i; i i «_  i _ _i  ^ : _ 

umu*Li  -iiiiiu iiyaiu^iuunuc  witu  a 

saturated  picric  acid  soln 


Refs:  l)Beil  24—  not  found  2)  A.  F. Me  Kay 

& J E.M. Milks, JACS  72, 1618-19(1950)  & 
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CA  44,10661(1950)  3)A.F. McKay , J ACS  77,  AMINOIMID AZOLINE  AND  IMIDAZOLJDINE 

1058(1955)  & CA  49,8929(1955)  SUBSTITUTED  DERIVATIVES 


l-Nitroso-2-nitramino- A2- imidazoline. 


H2  C-N(N0)-C“NH*N02 , mw  159.11,  N 44.02%. 


H?C N 


Crysts,  mp  141.2°  with  decompn.  Can  be  prepd 
by  treating  a soln  of  2'nitramino-AJ-irnidazo- 
iine  in  70%  nitric  acid  with  NaN02 . Treating 
l-nitroso-2-nitramino  -A2-imidazoline  with 

ft rnmq Mr  c i n prka  n^l  of  norrA 

“'j  -V  ^ 

l-substituted-2-nitramino-AMrnidazolines  and 
l,2-disubstituted-3-nitroguanidine  s 


Refs ; l)Beil  24  — not  found  2)A.F, McKay, 
W.R.R.Park  & S.J.Viron,  J ACS  72,3659-60 
(1950)  & CA  45,2887-8(1951)  3)A.F. McKay, 
JOC  16,1395-1404(1951)  & CA  46,5583-4 
(1952)  (Reaction  of  primary  amines  with  i- 
nitroso-2-nitramino-A2-imidazoline)  4)A.F. 
inr  lit  i «.  n Ai 

» J » vj  x \-r~t\j — juy  x / j j.  j u*.  * ~rv  t 

9096—7(1952)  (Reactions  of  ethylamine  and 
p-aminoacetanilide  with  l-nitroso-2-nitramino 
-A2 -imidazoline)  5)A.F.McKay,  CanJChem 
31,284-6(1953)  & CA  48,153(1954)  (Reaction 
of  meenyiamine  with  i-nitroso-2-nitramino* 
A2-imidazoline) 


1- Nitro-2-nitromino-A -imidozoline  or  1-Nitro- 

2- nitrami  no- A2.  1,3-diazacyclopentene, 

HaC-N(N02  )-C-NH*N02 , mw  175.11,  N 40.00%. 


H2C N 

Wh  crysts(from  dioxane  %,  mp  151.5—152.5° 
with  decompn.  Can  be  prepd  by  nitrating  2- 


Refs  2 & 3 


'iuiiuaxunu\,  aa  us.  xi j. 


Although  this  compd  is  a powerful  expi 
(1.3  x TNT  in  the  ballistic  mortar  and  1.6  x 
TNT  in  the  Trauzl  block  at  d 0.8),  it  cannot 
be  considered  suitable  for  military  purposes 
because  of  its  low  stability  and  high  sensi- 
tivity to  impact  and  friction(Ref  2) 


Refs:  l)8eil  24  — not  found  2)A.F. McKay 

& G.F. Wright,  J ACS  70,3990-2(1948)  & CA 
43,2203(1949)  3)A.F. McKay  & W.G. Hatton, 


4)%.D.Kumler,J0C  18,676-9(1953)  & CA  48, 
6969(1954) 


a)l- Methyl-  2-nitramino- ^-imidazoline, 

H2  C-N(CHj)-C“NH*N02  mw  144.14,  N 38.87%. 

H2C N 

Crysts,  mp  115—116°.  Methods  of  prepn  are 
described  in  Refs  6,p  386  and  10, p 965 

h)l- Ethyl- 2-nitramino- A1  -imidazoline, 

C5Hi0N402  , mw  158.16,  N 35.43%-  Crysts, 
mp  86.5°.  Its  prepn  is  described  in  Ref  6, 

P 386 

c) l-(  2~  Hydroxyetby  l )-  2-nitramino-  ^-imidazo- 
line or  I- (3-Hy droxyetby l- 2-nitramino- A2- 
imiduzoline,  Csjij0N4Oj,  mw  174.16,  N 32.17%. 
Crysts,  mp  131.5—132°.  Its  prepn  is  described 
in  Ref  6,p  386 

d) l-(  2-Nitroxyetbyl )-  2-nitramino-  A2-  imidazo- 
line or  1- f3- Witroxy  ethyl- 2-r 2ztramznQ- ^^-imidazo- 
line, CjH^NjOj,  mw  219.16,  N 31.96%.  Crysts, 
mp  114.8—115.2°.  Its  prepn  by  nitration  of 
compd  c)with  mixed  HN03-H2S04  is  de- 
scribed in  Ref  6,p  387 

e) l,2-B  is(  2-  nitram  ino-  2-im  idazolin-  1-yl  )- 
ethane  or  Bis- l-(2-nitramino-2-imidazolinyl) 

* ethane , C,H14Na04,  raw  286.26,  N 39.14%. 
Crysts,  mp  300— 301°(decomp).  Its  prepn  is 

ut  9VIUA.U  111  l\tl  UjP  j)  O / 

f) l- ( 2 - Nitroxy  ethyl)-  2-nitrimino- 3-nitroimid- 
azotidine  or  /- p- Niiroxy ethyl- 2-niirimino-3- 
nitroimidazolidine,  CaH#N607,  mw  264.16, 

N 31.82%.  Crysts.  mp  115—116°  with  decomp. 
Its  prepn  by  nitration  of  comp  c)with  HN0S 
in  Ac2  0 medium  is  described  in  Ref  6,p  387. 

It  combines  violently  with  phenylhydrazine 
giving  a partially  charred  mass 

g) l-(2-Nitroxyethyl)-3-nitro-2Mimidazolidone 
or  l-fi-Nitroxyelhyl-3-nitro-2-imidazolidone, 

Cg H,N406,  mw  220.15,  N 25.45%.  Crysts, 
mp  101—2  . Its  prepn  by  hydrolysis  of  f)is 
described  in  Ref  6.t>  388 

’ M 

h) \ , 2-Bzs( 2-  nitrimino- 3-nitro-  l-imidazolidyl )- 
ethane  or  Bis- i-( 2-nitrimino- 3-nitroimidazoii- 
diny l )- ethane,  CaHiaNl0Oa,  mw  376.26,  N 
37.23%,  mp  180—1°  with  decompn.  Its  prepn 
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by  nitrating  compd  e)in  Ac20-HNOS  is  de- 
scribed in  Ref  6,p  388 

i) l,2-Bis(3-nitro-2-oxO‘l-imidazolidyl)etbane 
or  B i s~  l-( 3-niiro-2mim idazolidonyl )etban e , 
C4H12N406,  mw  288.22,  N 29.16%.  Crysrs, 
mp  242—3°  with  decompn.  Its  prepn  by  hy- 
drolysis of  compd  h)in  boiling  water  is  de- 
scribed in  Ref  6, p 388 

j) l‘Metbyl-2‘nitriminO‘3-nitromidazolidine, 
C4H7N,04,  mw  189-14,  N 37.03%.  Crysrs,  mp 
169—70°  with  decompn.  It's  prepn  by  nitra- 
tion of  l-methyl-2-nitramino-2-imidazoline 

is  described  in  Ref  6,p  388 

k )l-Etbyl-2mnitrimino-3’nitroimidazolidine, 
CgH9N804,.  mw  203.16,  N 3 4.48%.  Cryses,  mp 
137—8°  with  decompn.  Its  prepn  by  nitration 
of  l-ethyl-2-nitramino-2-imidazo!ine  is  de- 
scribed in  Ref  6,p  389 

l)Guanidinoethylaminoimidazoline,  Nitrated 
and  Nitrited  Derivatives  are  described  under 
Aminoimidazolin-l-yl-ethylguanidine 

n>)l’Nitto-2-amino~4‘Tnetbyl-&1-imidazoline 
Nitrate,  C4H#NgOs,  mw  207.15,  N 33.81%. 

CrystSj  mp  150°.  Was  obtained  in  43%  yield 
by  treating  I-nitro-2-amino-4*methyl-Aa- 
imidazoline  hydrochloride  with  aq  ale  AgNOs 
soln(Ref  7,p  2207) 

n) l’Nitro-2-nitramino'4-methyDlS,1-imidazoline 

or  l-Nitro‘2-nitramino'4mme  thy  l- k2 -1,3' 
diazacyclopentene,  C4H7NS  04xnw  189.14,  N 
37.03%.  Crysts,  mp  121.6-123°.  Was  obtained 
by  treating  2-nitramino-2-imid azoline  with 
HNO,  + ACjO(Rev  3,pp  1971-2  & Ref  4,  p 
3965).  The  2-nitr am ino-4-me thy  1-2- imidazo- 
line, crysts,  mp  170.5°,  was  prepd  accord- 
ing to  the  method  described  in  Ref  5 

o) l~Nitro‘2-etboxy-2-nitramino-imidazolidine , 

C,H1iN,Oi,  raw  221.18,  N 31-67%.  Crysts, 
mp  133.6— 134°.  Its  prepn  is  described  in 
Ref  2,  p 3993 

p )l-Nitro-2-n‘propoxy-  2‘nitraminoimidazoli  - 

dine,  CjNjjNgO,,  mw  235.20,  N 29.78%. 

Crysts,  mp  124.4-125.5°.  Its  prepn  is  de- 
scribed in  Ref  2,p  3993  and  Ref  9,p  2215 


q) l-NitrO'2’propylamino-2-nitraminoimidazoli- 
dine,  C6H14N604,  mw  234-22,  N 35.88%.  Crysts, 
mp  124.8—125.7°.  Its  prepn  is  described  in 
Ref  2,pp  3993—4  and  its  reactions  are  given 

in  Ref  8 

r) l-Nitro~2'p  ropy  lamino-fS3-imidazo  line, 
CeH„N402,  exists  in  the  form  of  its  hydrate, 
CeHMN4Oj,  and  salts,  such  as  the  nitrate, 
C6HJSNg  0, , mw  235.20,  N 29.78%,  mp  148.8- 
149°  and  the  styphnate,  Ci*HlSN7Ol0,  mw 
417.30,  N 23.50%,  mp  163-163.5°  with  de- 
compn(Ref  8,p  2212) 

s) 2-NitriminO’3‘Propylimidazolid-2'On  e, 

C6H12 N40j  ,mw  172.19,  N 32.54%,  mp  104-104.2°  and 
l-Nitro-2-nitritnino-3‘propylimidazolid-2’one, 
C6H1INi04l  mw  217.19,  N 32.25%,  mp  124.5- 
125.0°,  are  described  in  Ref  8,p  2212 

t )l-NitrO'2’‘me  thy  l aminO’&2’imid  azoline, 
C4H,N403,  mw  144.14,  N 38.87%.  Crysts,  mp 
76.5—77°.  Its  prepn  is  described  in  Ref  10, 

P 965 

u )1- Nitro-  2mmetbylamino- &2-imidazolinium 
Nitrate,  C4N,Nj  Os , mw  207.15,  N 33-81%. 
Crysts,  mp  172°  with  decompn.  Its  prepn  is 
described  in  Ref  10,  p 965 

v)  1 - Ni  tr o - 2m  e t by  l am  in o • A a-z  m ida zo  lin i um 
Nitrate,  CgHnNg05,  mw  221.18,  N 31.67%. 
Crysts,  mp  157.5°  with  decompn.  Its  prepn 
is  described  Ref  10, p 965 

Refs:  l)BeiI  - not  found  2)A.F.McKay  & 

G.F. Wright,  JACS  70,3993-4(1948)  & CA  43, 
2203(1949)  3)A.F.  McKay  & D.F. Manchester, 

JACS  71,1971-2(1949)  & CA  43,9065(1949) 
4)A.F. McKay  & S.J.Viron, J ACS  72,3965(1950) 

& CA  45,2936(1951)  5)A.F.McKay  & G.F. 
Wright, USP  2,525,927(1950)  & CA  45,2512 
(1951)  6)A.F.McKay  & J.R.G. Bryce  & D.E. 
Rivington.CanJChem  29,382-90(1951)  & CA 
46,7094-5(1952)  7)R. H. Hall,  A. F. McKay  & 

G.F. Wright, JACS  73,2205-8(1951)  & CA  46, 
1988(1952)  8)R.H.Hall&  G.F. Wright, JACS 
2208-13(1951)  & CA  46, 1988-  9(1952)  9) 

Ibid  .JACS  73,2213-16(1951)  & CA  46,1989 
(1952)  10)A.F.McKay  & W.G. Hatton, JACS 
75,963-5(1953)  & CA  48,2049(1954) 


AMINOIMIDAZOLINOL 
AND  DERIVATIVES 
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2- Am ino-2-i midozolinol  or  2-Hydroxy- 2- 


ominoiwidorolidine,  CH  -NH-C  » 

I I NH> 

CHa NH 

raw  1 03*  13>  N 40.75%*  May  be  considered 
the  parent  compd  of: 

2- Nitran?ino-2-imidazolinol  or  2-Hydroxy- 2- 

^OH 

nitraminoimidazolidine,  CHj— NH-C  , 

| |\*H-N02 

CH2 NH 

mw  148.13,  N 37.83%.  Crysts,  mp  136-7° 
(decomp).  One  of  the  hydration  products  ob- 
tained by  Barton  et  al(Ref  2)  from  2-nitrimino- 
imidazolidine(see  also  Ref  3).  Its  explosive 
props  were  not  detd 

Refs:  l)Beil  — not  found  2)S.S. Barton, 

R.H.Hall  & G.  F * Wright,  J ACS  73,2204-5(1951) 
& CA  46,1987(1952)  3)M.W. Kirkwood  & G.F. 
WrightJACS  76, 1836(1954)  & CA  49,6927 
(1955) 

Note : No  higher  nitrated-  or  nitrited-derivs 
as  well  as  azido-  and  diazido-derivs  were 
found  in  Beil  or  CA  through  1956 

AMmOlMlDAZOLlN-l-YL 
AND  DERIVATIVES 

Aminoimidazolin-byl-etkylguanidine , 

CH2  *CH2  -NH-C(:NH)-NHj 
CH,  • N-C-NH-,  may  be  considered  a parent 

I I! 

CHj N compd  of  the  following  sub- 

stances: 

l-[2-(2-Nltramino-A2-imidozolin-1-yl)ethyl]- 

3- nitro-guanidine;  l-[2-(3-Nitroguanidino)- 
ethyl]-2-nitramino-A-imidazoline  or  l-)3- 
Nitroguonylami  noethyl-2-nitramino-A2- 
imidazoiine. 


CH2  - C Ha  -NH  -C( :NH)-NH -N02 

CH2  -N-C-NH-NO, , mw  260.22,  N 43.07%. 

CH2 N Crysts(from  HaO),  rap  197°  with 

decompn.  Was  prepd  by  adding  1,5'diaraino- 
3-azapentane,  NH(CH2  CH2  -NHa  )2 , to  methyl- 
nitrosonitroguanidine,  CH3N(NO)C(:NH)NHNQ2 , 
as  described  in  Ref  2,p  387.  Its  expl  props 
were  not  examined 

1*  -[^-(2-Nitramino-AMiTiidazolin-  1-yl)ethyl]* 

3'  -nitro-1'  -nitroso-guanidi ne;  l-[/3*{3'  -Nitro- 

1'  -nitrosoguonidi  no)ethyl]-2-nitranino-A2- 
imidazoline  or  l-(N-Nitroguanyl-N'-n»troso- 
/3-amino  ethyl)- 2-nttromino-AMmidazol  ine, 

CHj  .CH2.N(N0).C(:NH>NH-N03 

H,C-N-C-NH-N02,  raw  289.22,  N 43.56%. 

I II 

H2C N Yel  crysts,  mp  176°  with  decompn. 

Was  prepd  by  treating  a so  In  of  the  previous 
compd  in  dil  nitric  acid  with  Na  nitrite,  as 
described  in  Ref  2,pp  389-90.  Its  expl  props 
were  not  examined 

l,-((3-(2-Nitrimino-3-nitro-A2-imidazolin-l- 
yl-ethyl]«V  ,3'  -dinitro-guanidine;  l-[/S-(r,3'- 
Dinitroguanidino)ethyl]-2-nitrimino-3-nitro- 
AMmidazolidine  or  l-(N-Nitroguar\yl-N' - 
n itro-  ^3-  am  inoeth  y I)-  2-  n itri  m i no-3-  nitro  i m i d- 
azolidi  ne,  CH,  .CH2.N(N02  ).C(:NH).NH-N02 , 

l 

H2C-N-C=N.N02*  Crysts,  mp  161-2° 
j j with  decompn.  Was 

H2  C N-NOa  prepd  by  treating 

1- [2-(2-nitramino-2-iraidazolin-l-yl)ethyl]-3- 
nitroguanidine  with  nitric  acid  and  acetic 
anhydride  as  described  in  Ref  2,p  389-  Its 
expl  props  were  not  examined 

Refs:  l)BeiI  — not  found  2)A.F. McKay, 

et  al.CanJChem  29,384,387  & 389-90(1951) 

& CA  46,7094-5(1952) 

Note:  Azido-  and  diazido-derivs  of  amino- 
imidazolinol  were  not  found  in  Beil  or  CA 
through  1956 

2- Amino-4(or  5)-A2-imidazolone  [Glykocyami- 
din,  4-Oxo-2-imino-imidazolidin  or  Hydanto- 
inimid-(2),  in  Ger],  H2  C-NH-ONH2 , 

I II 

OC N 
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OC-NH-C-NHj  or  H2C-NH-C:NH,  mw  90  09 

l II  I | 

H2C N OC NH 

N 42.41%.  Prepn  and  props  are  in  Beil  24,244 
& 25,451 

Note:  No  azido-,  diazido-,  nitrated  and/or 
nitrited  derivs  of  aminoimidazolone  were 
found  in  Beil  or  CA  through  1956 


4- Am i no- 7H* im idazo-[4,5-d j— t r iazi ne,  al so 

called  6- Aminoimidazo-  1,2,3-triazine, 
HC-NH-C-NH NH,  row  136.12,  N 61.75%. 


N. 


.C-C(NH2)=N 


This  high  nitrogen  compd  was  obtained  by 
Woolley  et  al  on  treating  4-amino-5-imidazole- 
carboxamidine-di-HCl  with  NaNOa.  No  props 
are  given  in  CA 


Re/s:  l)Beil  — not  found  2)D.W. Woolley 

et  alJBiolChem  189,401(1951)  & CA  45, 
5764(1951) 

AMIN01MID0ETHANE 
AND  DERIVATIVES 


a- Amino-a-imidoethane;  A cot  ami  dine; 
Ethanearnidi  ne  or  Ethenyl  ami  dine,  CHS  •" 

C(:NH)-NH2 , row  58.08,  N 48.23%.  This 
high  nitrogen  compd  is  known  only  in  the 
form  of  salts,  such  as  nitrate , Ca  H6N2.HNOs, 
ndls,  mp  189°,  obtained  by  electrolysis  of 
ammoniacal  -alcoholic  so  In  of  ammonium 
carbonate(Ref  2)  and  the  picrate,  CaH6N2* 
C^HjNjO^orange  prisms,  mp  252°(Ref  3) 

Refs:  l)Beil  2,185(85)  & [183-4]  2)F. 

Fichter  et  al,  ZElectrochem  18,651(1913); 
ChemZtr  19131,1271  St  CA  7,3967(1913) 
3)R.G.Fargher,JCS  117,674(1920)  4)K. 
Takeda  & K.Tokuyama,  JPharmSoc Japan  75, 
957-9(1955)  & CA  50,4980(1956) 

Note : Azido-,  diazido-,  nitrated  and/or  ni- 
trited derivs  were  not  found  in  Beil  or  CA 
through  1956 

AMINOIMINOD1HYDROTRIA- 
ZOLE  AND  DERIVATIVES 

Aminoiminodihydrotriazoles,  C2HSN5,  mw 


99.10,  N 70.68%.  The  following  isomer  is 
listed  in  the  literature: 

4- Amino-3-imino- 2, 5-dihydro- a-sym-tri  azole 
or  4-Amino-3-imino-2,5-dihydro-2H-lf2,4- 
triazole  [Called  in  Beil,  4-Amino-1.2.4-tri- 
azolon-(3)-imid],  HC-N-NH  . Yel  ndls 

HjN-N — C:NH 

(from  ale),  mp  208°;  very  sol  in  w,  sol  in 
ale.  Was  prepd  by  treating  its  hydrobromide 
with  moist  Ag20.  The  hydrobromide  was 
obtained  by  heating  N,N* -diaminoguanidine 
hydrobromide  with  formic  acid  on  a water 
bath.  The  aq  soln  of  the  above  triazole  gives 
with  aq  AgNO,  a wh  ppt  sol  in  NHa  or  in 
HNO,.  When  treated  with  HNO,  the  triazole 
gives  nitrate , C2H5N5  +HNOs,  crysts,  mp 
194°,  and  when  treated  with  picric  acid 
picrate,  crysts,  mp  192°.  Expl  props  of  these 
compds  were  not  examined 

Refs:  l)Beil  26,(39)  2)A. Gaiter, Gazz  45l, 

457(1915)  & CA  10,603(1916) 

Note:  Azido-,  nitrated  and/or  nitrited  derivs 
of  aminoimi nod ihydrotri azole  were  not  found 
in  Beil  or  CA  through  1956 

AMIN01MIN0MET  HYLDIHY  DROTRl- 
ZOLE  AND  DERIVATIVES 


4- Amino-5-immo-3-methyldihydro-  a-sym- 
triazole  or  4-Am»no-5-imino-3-methyldihydro- 
lH-1,2f4-triozole  [4-Amino-3-methyl-l.  2.4- 
triazoion-(5)*iniid,  in  Ger],  HN:C-NH-N  , 

I II 

H2N-N C-CHj 

mw  113.13,  N 61.91%.  Ndls(from  ale).  Was 
prepd  by  treating  its  nitrate  with  aq  Ba(OH)2 
soln.  The  nitrate,  CsH,Na  -HNOj,  wh  ndls,  mp 
184°,  was  obtained  by  heating  N,N*  -diamino- 
guanidine nitrate  with  AcOH  on  a water  bath 
in  the  presence  of  a small  amt  of  coned  HNOj. 
Treatment  of  an  a q soln  of  the  nitrate  with  a 
coned  aq  soln  of  picric  acid  yielded  the  pic- 
rate, CjH7Ng  -C6H2(NOa  )jOH,  small  yel 
crysts  decompg  ca  189°-  Expl  props  of  these 
compds  were  not  examined 
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Refs:  l)Beil  26,(40)  2)A. Gaiter, Gazz  451, 

460(1915)  & CA  10,603(1916) 

Note:  Azido-,  nitro-  and  nitro  so-  derivs  of 
aminoiminomethyldihydrotriazole  were  not 
found  in  Beil  or  CA  through  1956 

AMINOIND  AZOLES 
AND  DERIVATIVES 

Amino  indazole,  Ben zodi azole  or  Benzopyra- 
zoles,  C7H7N3.  Several  isomers  are  described 
in  Beil  24,112  & 59  and  25,317-18  & 308. 

Some  isomers  described  iri  Beil  are  also 
called  Indazolonimide 

Azidoaminoindazole,  C7H6Ne  and  Diazido- 
amino indazole,  C7HgN9  — were  not  found  in 
Beil  or  CA  through  1956 

Mononitroaminoindtazole,  (02  N)C7HSN3  — not 
found  in  Beil  or  in  CA  through  1956 

5.7- Dinitro-6-amino-in4ozole,  (OjN)a  C7HsNa  * 

NHa , mw  223-15,  N 31-39%-  Brn-yei  scales, 
mp— melted  with  decompn  on  heating  on  Pt 
foil  in  flame;  very  diff  sol  in  w,  easier  in 
boiling  AcOH.  Was  prepd  by  heating  5,7- 
dinitro-6"indazolesulfonic  acid  with  ammonia 

Refs:  l)Beil  25,318  2)T.Zincke  & A. 

Kuchenbecker,Ann  339, 240(1905) 

5. 7- Dinitro-6’nitr amino- indazole,  (0JN)JC7H3N2  - - 
NH(NOa ),  raw  268.15,  N 31.34%.  Refs  to  this 
compd  and  higher  nitrated  derivs,  which  un- 
doubtedly would  be  expl  were  not  found  in 

Beil  or  CA  through  1956 

Arri  noisome  I amine.  See  1-Aminohexahydro- 
2,4,6-triimino-sym-triazine 

5-Amino-2-mercopto-l,3y4-thiodia*ole;  [5- 

Imino-2-thion-1.3.4-thiodiazolidin  or  5" 
Amino-1.3.4 -thiodiazo!thion-(2)  in  Ger], 
H2N-C-S-C-SH,  HN:C-S-C:S  or  HaN-C-S-C:Sf 

ti  II  I !)  HI 

N N UN NH  N NH 

mw  133.07,  N 31.58%,  OB  to  C03  & SOa 
-114.2%.  OB  to  CO  8i  S02  -90.2%.  Accord- 
ing to  Beil(Ref  1),  there  are  two  forms  of  this 


compd,  one,  called  endo-iminotbiobictzol, 
which  melts  at  245°(wlth  decompn)  and  the 
other  called  imino’thiol’dibydro'thiobiazol, 
which  melts  at  234°.  Their  prepn  is  de- 
scribed in  Beil  and  in  refs  listed  in  it.  The 
yields  were  low(ca  25%) 

Audrieth  & Scott(Ref  2),  in  the  course  of 
their  work  on  high-nitrogen  compds  under 
contracts  with  US  Ordnance  Corps,  prepd  a 
compd  which  they  named  3-am'no,  J-tbiol- 
l,2,4-thiadiazole\  they  assigned  to  it  the 
structures  HS-C=N-N  and  S:C-  NH  NH 
i !l  I i 

S C-NHj  S C:NH 

Crysts,  mp  232—237°;  very  si  sol  in  w; 
dissolves  in  bases  from  which  so  Ins  it  may 
be  repptd  by  addition  of  acid.  It  was  obt 
in  yields  up  to  60%  by  deamination  of  bis- 
thiocarbamyl-hydr azide,  H^-CS-NH-NH-CS-NH, , 
in  the  presence  of  polypho sphor ic  acid  contg 
82—84%  P2Os  as  the  deaminating  and  cycliz- 
ing  agent.  This  compd  seems  to  be  identical 
with  the  234°  mp  form  described  in  Beil 

Because  of  the  fairly  high  nitrogen  con- 
tent of  am inothiodi  azole,  its  low  soly  in  H3  0 
and  its  compatibility  with  NC,  Audrieth  & 

Scott  suggested  its  possible  use  as  a flash- 
reducing  agent  in  gun  propellants  to  replace 
KjSO^  currently  used 

Refs:  l)Beil  27,674,(600)  & [757](Numerous 

refs)  2)L.F. Audrieth  & E.S. Scott,  "Com- 
pounds of  High  Nitrogen  Cement’  Univ  of 
Illinois  Fourth  Quarterly  Progress  Report, 

Urbana,  111,  October  1,  1951 

AMINOMESITYLENES 
AND  DERIVATIVES 

Aminomesitylenes  or  Amino- 1,3, 5-trimethyl- 
benzenes(Trimethylanilines  or  Mesidines), 

C,H3JN,  mw  132.20,  N 10.36%.  Several  iso- 
mers are  listed  in  Beil  12,1160,  1163,(503) 

& [631] 

Azidoaminomesitylenes,  C9H12N«  — not  found 
in  Beil  or  CA  through  1956 

2-Amino-4J6-diaxido-mesitylene;  Bistriozomesidine 
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or  Aminomesitylenebisazoimide^CHj^Cg- 

(N,)2-NHJt  mw  217.23,  N 45.14%.  Col  crysts, 
rap  68°;  swells  if  heated  rapidly;  decomp 
vigorously  with  evoln  of  gas  by  coned  Ha  S04. 
Was  prepd  by  treating  hydrochloric  acid  so  In 
of  triaminome  sitylene  trihydrochioride  suc- 
cessively with  NaNOj  and  NaNa  at  -5°,  as 
described  in  Ref  2 

Refs:  l)Beil  12, [6331  2)G.T. Morgan  & 

G.R. Davies, JCS  123,237(1923)  & CA  17,1633 
(1923) 

Mononitroaminome sitylenes,  (CHj),.C6H(N03  )- 
*NHa , mw  180.20,  N 15.55%*'One  isomer, 
4'nitro- 2' am  ino-me  sitylene  is  described  in 
Beil  12,1162  & [632] 

Nitronitraminomesitylene , (CH,)jC6H(NOa  )— 
NHNOa , not  found  in  Beil  or  CA  through  1956 

Dinitroaminomesitylene s,  (CHj)sC6(NOa  )a  *NH2  , 
mw  225.20,  N 18.66%.  One  isomer,  4,6-dini- 
tro-2-aminome sitylene,  yel  ndls,  mp  193—5°, 
is  listed  in  Beil  12,1163 

Dinitronitraminome sitylene,  (CHj)jC6(NOa  )2- 
(NHNOa)  — not  found  in  Beil  or  CA  through 
1956 

6-Nitro-  4-azido-2-  ami  nomesityl  ene(Triazoni- 
troaminomesitylene  or  Nitromesidineazoimide), 
(CHs)sC<NH1(NOa)N1,  mw  221.22,  N 31.66%,  Lt 
yel  crysts(from  petr  eth),  mp  83—  84°.  Was 
prepd  by  adding  NaNa  to  a soln  of  nitroamino- 
mesitylenediazonium  chloride 

Refs : l)Beil  12, [63 3]  2)G.T. Morgan  & G.R. 

Davies, JCS  123,235(1923)  & CA  17,1633(1923) 
2-Nitramino*4-azido-6-nitro-mesitylene  or 
Nitraminomesityleneazoimide, 

(CHs)3C6(N,)N03  -NHN02 , mw  266.22, 

N 31,57%  was  not  found  in  Beil  or  CA 
through  1956 

2-Nitro amino-4, 6-diazido-me sitylene  or 
Nitraminomesitylenebisazoimide , 

(CHS)3CS(N,)2  -NH-NO, , mw  262.23, 

N 42.74%  was  not  found  in  Beil  or  CA 
through  1956 


Aminomesitylenebisdi  a ionium  Chloroaurate 
Hydrochloride,  Diazotization  of  triamino- 
mesitylene trihydrochioride,  followed  by 
treatment  with  a soln  of  chloroauric  acid, 
gave  two  expls,  C9HnNs  CIgAu2  and 
C,Hl2Ns  ClfiAu2 , both  solid 

Refs:  l)Beil  — not  found  2)G.T. Morgan  & 

G.R. Davies, JCS  123,236-7(1923)  & CA  17, 
16330923) 

1 -Amino-mesitylene;  1 -Amino- 1,3, 5-tri- 
methyl-benzene;  3, 5-Dimethyl  benzyl  amine 
or  Mesitylamine,  H2N.CH2-C6H1(CH1)2  is  de- 
scribed in  Beil  12,1163 

AM  INOM  ETHANE 
AND  DERIVATIVES 

Ami  no  me  thane  or  Methylamine(Monomethyla- 
mine  or  Carbinamine),  CHsNHa  , mw  3 1 - 0<S , 

N 45.1%,  OB  to  COa  -231.8%,  OB  to  CO  -180.3%. 
Col,  inflammable  gas,  fr  p ~93.5°,  bp  -7.6  9°, 
d 0.662  at  20/4°  or  0.769  at  -10/4°,  fi  p 
(closed  cup)0°F,  autoignition  point  806°F, 
expl  range  with  air  4.95  — 20.75%(Ref  8).  Sol  in  w, 
ale  & eth.  Can  be  prepd  by  several  methods 
which  are  described  in  Refs  1,2, 3, 4, 5 & 6.  A 
large  scale,  inexpensive  method  of  prepn  was 
used  during  WW  II  at  Dyhernfurth,  near  Bres- 
lau, Germany,  and  produced  the  following 
compds  in  one  operation:  monomethylamine 
(used  for  the  manuf  of  Man-Salz),  dimethyla- 
mine  [used  for  the  manuf  of  the  war  gas 
Tabun,  described  in  PATR  2510(1958)  under 
Trilon]  and  trimethylamine(used  for  the  manuf 
of  Tetra-Saiz).  The  method  of  manuf  con- 
sisted essentially  of  passing  a mixt  of  am- 
monia and  methanol,  in  the  absence  of  air, 
through  a pressure  reactor.  The  pressure  was 
200—300  psi  and  the  temp  180—200°.  Alumina 
(AlaOa)  was  used  as  the  catalyst(Ref  9) 

As  a fire  hazard,  aminomethane  is  danger- 
ous when  exposed  to  flame;  as  an  explosion 
hazard,  it  is  moderate  when  exposed  to  sparks 
or  flame.  It  can  react  vigorously  with  oxi- 
dizing materials(Ref  8) 

Being  a weak  base,  aminomethane  fom.-: 
salts  with  acids,  some  uf  which  are  expl.  It 
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also  forms  some  expl  addn  compd-s,  Amino- 
methane  is  used  in  the  synthesis  of  wetting 
agents(such  as  Igepon  T),  drugs,  photographic 
developers,  dye  intermediates,  solvents,  etc. 

It  has  also  been  used  for  the  prepn  of  tetryl. 

In  this  synthesis  arainometnane  is  treated 
with  dinitrochlorobenzene  to  form  N-methyl- 
2.4-dinitroaniline.  which  on  nitration  yields 
N-me  thyl-N,2,4,6-tetranitroaniIine  (tetryl) 

(Refs  4,5  & 7).  During  WW  II  millions  of  pounds 
of  tetryl  were  manufd  by  this  process 

Refs:  l)Beil  4, 32,(316),  Si  [546]  2)E.Briner 

& J . G andi  1 Ion , He  1 v 14, 1283(1931)  & CA  26, 
1575(1932)  3)E.B. Punnet, USP  2,113,2 41 

(1938)  & CA  32,4175(1938)  4)Kirk  & Othmer  9 
(1952), 64-5  5)R°hm  & Haas,  "The  Methyla- 
mines"  , Phiiadeiphia(I954)  (84  pages)  6) 
M.Ishidace  et  al,JPhaxmSoc  Japan  74,882—3 
(1954)  Si  CA  49,9486(1955)  (Method  of  syn- 
thesis of  CH3NH2  by  heating  a mixt  of  hexa- 
methylenetetramine,(CH2  )4N4,  form  amide, 
HCONH2 , and  Raney  nickel  in  an  autoclave 
in  an  atm  of  hydrogen  under  pressure)  7)R. 
Williams, Jr  et  ai,  C&EN  33,3982-3(1955)  & 

CA  49,14634(1955)  (Production,  consumption, 

n cp  m^r ItpI  r>tr  r\f  rn^f^trlism 

V*  W-.y  / 

(1957),  920(Monome  thy  lam  ine)  9)H.  Walter, 
PicArsn, Dover, NJ,  private  communication 
(1958) 


4 ^ ^ ^4  I,  ,1.1  VI  /^t  I VI  T T 

in  Beil  or  CA  through  1956 


— nut  round 


Aminomethane  Chlorite,  CH3-NH2  * HC102 , mw 
99.53,  N 14. 07%,  OB  to  C02  -48.2%.  Syrup. 

Its  aq  soin  was  prepd  by  Levi  by  neutraliz- 
ing a 30%  soln  of  aminomethane  with  2N 
H2  SO,  and  treating  the  resulting  mixt  with 
Ba(CI02)2,  followed  by  filtration.  The  filtrate 
was  evapd  in  vacuo  over  CaCl2  to  a dense, 
syrupy  liq  contg  about  66%  of  CH3NH2  -HC102  , 
but  no  crysts  were  formed.  When  this  syrup 
was  poured  onto  a cold  iron  plate,  a slight 
expin  occurred. 

Refs:  l)Beil  4, [5493  2)G.R.Levi,Gazz  52  I, 

207-9(1922)  & CA  16,2474(1922) 


Aminomethane  Nitrate  or  Methylamine  Ni- 
trate (Man-Salz,  in  Ger),  CH3-NH2  >HN03,  mw 
94.07,  N 29,78%,  OB  to  C02  -34.0%.  Prism 
crysts,  mp  109—11°,  sol  in  w and  very  hygro- 
scopic. Can  be  prepd  by  neutralizing  amino- 
me th ane  with  mtnc  a.ciu  or  by  reacting  niethy!-' 
nitrate  with  ammonia 

This  salt  was  thoroughly  investigated  in 
Germany  before  and  during  WW  II.  A detailed 
description  of  the  method  for  its  prepn  and  its 
explosive  props  are  given  in  PATR  2510(1958), 
under  Man-Salz 


Addnl  info  not  included  in  the  German  Sec- 
tion(PATR  2510)  follows:  Aminomethylnitrate 
is  of  satisfactory  thermal  stability  and  is  more 
powerful  than  TNT(the  Trauzl  test  gives  325  cc 
expansion  vs  290  cc  for  TNT,  which  is  about 
112%  TNT).  Its  vel  of  deton  is  ca  6600  m/sec 

n,  a /-)  P ^ Olt  A L./—  <1 1 / mri  ] 3fv]  fl  ^ 

il/.l  , — X , 

c r 

81.6  kcal/mol(Ref  5)-  It  has  been  used  in  some 
cast  expl  mixes,  such  as  with  di  ni  trod  imethyl- 
sulfamide(Ref  2) 


Dynamit  A— G(Ref  3)  proposed  expl  compns 
prepd  by  melting  together  AN  with  nitrates  of 
simple  or  multiple  aliphatic  amines,  such  as 
aminomethane  nitrate  or  diaminoethylene  di- 
nitrate.  SECIfRef  4)  proposed  an  expl  compn 
consisting  of  aminomethane  nitrate  and  AN 
prepd  by  heating  a mixt  of  forma Idyhyde,  or 
its  polymers  or  higher  homologs,  in  the  pres- 
ence of  Hj  O with  AN  in  excess  of  the  amt 
theoretically  required  for  the  prepn  of  amino- 
methane nitrate.  The  dried  product  could  be 
waterproofed  by  mixing  or  coating  with  mol- 
ten paraffin 


Aminomethane  nitrate  was  used  during  w w 
II  in  Germany  in  admixt  with  NaNOs, 
Ca(NO.)3and  RDX(I0— 15%)  f°r  bomb  and  shell 
loading(Ref  6).  Some  of  these  mixts  melted  at 
ca  76°  and  could  be  easily  cast-loaded 

Refs:  l)Beil  4,36  & [318]  2)P.Naoum,GerP 

499,403(1928)  & CA  24,4160(1930)  3)Dynamit 
A-G,FrP  742,312(1933)  & BritP  384,966(1932), 
CA  27,3612,5981(1933)  4)SECI,FrP  815,880 
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<1937)  & CA  32,1934(1938)  5)L.Medard  & 
M.ThomaSjMP  35,172(1953)  6)H. Walter, 
PicArsn,Dover,NJ;  private  communication 
(1958) 

Nitroaminome thane  or  C-Nitromethylcvnine, 
OjN-CH^NHj  — not  found  in  Beil  or  CA 
through  1956 

Nitraminomethane,  Me  thylnitr  amine  or  N- 
Nitromethylamine,  CHj-NH-NOj  , mw  76.06, 

N 36.84%,  OB  to  CO,  -42.1%.  Ndls(from 
ether),  mp  38°,  d 1.2433  at  48.6° , nD 
1.46l62  at  48.6°(Ref  2);  expl  violently  when 
heated  in  a capillary(Ref  5).  Easily  sol  in 
w,  ale,  chlf  8i  benz;  less  sol  in  eth;  very  si 
sol  in  petr  eth.  Was  first  prepd  by  Franchi- 
mont  & KIobbie(Ref  2)  by  nitration  and  hy- 
drolysis of  methyl-N-methyl-carbamate, 
CH,C0,  -NH-CH,.  Other  methods  are  known 
(Refs  1 & 4).  Johnson(Ref  5)  prepd  it  in  66% 
yield  by  nitration  and  hydrolysis  of  ethyl- 
N-methyl-carbamate.  Detailed  description 
of  procedure  is  given.  It  is  a powerful  expl, 
with  a Trauzl  test  value  of  144%PA.  Its 
toxicity  is  probably  similar  to  that  of  amino- 
methane  (qv) 

Nitraminomethane  was  patented  for  use  as 
an  additive  to  Diesel  fuels(Ref  10).  There  is 
no  info  at  our  disposal  about  its  uses  in 
expls  or  prplnts 

Its  Raman  spectra  are  discussed  in  Ref  7 
and  UV  spectra  in  Refs  8 & 9 

Many  salts  of  nitraminomethane  are  known, 
some  of  them  more  or  less  explosive,  eg, 
ammonium,  barium,  cobalt,  cadmium,  copper, 
nickel,  potassium,  silver,  sodium  and  zinc 
(Refs  1,2  & 3) 

Refs:  l)Beil  4,567,(568)  & [968]  2)A.P.N. 

Franchimont  & E.A.Klobbie,Rec  7,354(1888) 
& 8,295— 7(1889)  3)A.P.N. Franchimont, 

Rec  13,308-30(1894)  4)0. Diels  & M.Paquin, 
Ber  46,2013(1913)  5)J-R. Johnson, OSRD 
Rept  915(1942), 28-9  6)A.H.Blatt,0SRD 
2014(1944)  7)K.W.KohIrausch  & H.Wittek, 
ActaPhysAustriaca  1,292(1948)  & CA  42, 


6665(1948)  8)M.Karmack  & J.J. Leavitt, 

JACS  71,1222(1949)  9)R*N.  Jones  & G.D. 
Thorn, Can JRes  278,828(194 9)  10)J.B. 
Hinkamp  & R.Sugimoto,USP  2,595,789(1952) 

& CA  46,8362(1952) 

Aminomethane  Nitroform  or  Methylair.inoni- 
troform,  CH^Hj -CH(NO, ),,  mw  182.10,  N 
30.77%,  OB  to  C02  -8,8%.  Powerful  expl 
(Trauzl  test  168%  PA),  but  unstable  and  hy- 
groscopic 

Ref:  A.H.Blatt  et  al,  OSRD  Repot  2014(1944) 

Aminomethane  Perchlorate, CH2NH2 *HC104, 
mw  131.52,  N 10.65%;  OB  to  C02,  H20,  N20 
& Cl2  -18.2%;  OB  to  C02 , H2  0,  N2  & Cl2 
-12.2%.  Crysts,  d 1.68(cast),  mp  210°(242°, 
Ref  5);  expl  violently  ca  338°;  sol  in  w(110  g 
in  100  ml  at  15°).  Can  be  prepd  by  neutraliz- 
ing aminomethane  with  perchloric  acid 

Aminomethane  perchlorate  is  a more  power- 
ful explosive  than  TNT(Trauzl  test  value 
160%  of  TNT)  but  much  more  sensitive  to  im- 
pact, comparable  to  LA.  Its  vel  of  deton  is 
7540  m/sec  at  d 1.68  and  6600  at  d 1.565* 
Corresponding  pressures  of  gases  developed 
at  explu  are  1000  and  750kg/cm2 

As  this  expl  has  a high  mp  and  is  highly 
sensitive  to  shock,  additives  are  mixed  with 
it  to  lower  its  mp  and  sensitivity.  It  is 
suitable,  when  in  such  mixts,  for  loading  in 
STET  projectiles.  It  also  can  be  used  in 
AN  mining  expls  as  well  as  in  plastic  expls 
(Refs  4,5  % 6) 

[See  also  Man-Salz  Perchlorate  in  PATR 
2510(1958)] 

Refs:  l)Beil  4,(318)  2)K. A. Hofmann  et  al, 

Ann  386,306(1912)  3)B.L.Datta  & N.N. 
ChatterjeeJCS  115,1008(1919)  4)G.Lunds- 
gaart  & K.Herbst.BritP  168,333(1921)  & CA 
16,344(1922)  5)J*F.Roth,SS  28,42-6(1933) 

& CA  27,2579-80(1933)  6)SAEH,BelgP 
425,369(1938)  & CA  33,2719(1939) 

Nitrominomethanecorboxylic  Acid.  Same  as 
Nitramino acetic  or  Nitraminoechanoic  Acid 
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AM!  NOM ET HOX YP HEN YLTETR AZOLES 
AND  DERIVATIVES 

Aminometboxypbenyltetrazoles;  Artisylamino- 
tetrazoles  or  Anisidinotetrazoles, C8H9NS  0 , 
mw  191. 19>  N 36.63%-  The  following  isomers 
are  described  in  the  literature: 

5- Amino- l-(o-methoxyphenyl)-a(or  1H)-tet- 
razole  or  l-(2-Anisyl)-5-amino-tetrazole 

(o-CH30-C6H4) 

H-N-C N— M.  Fine  ndls  (from  ale), 

2 II  11 

N N 

mp  172°(Ref  2);  crysts(from  et  acetate), 
mp  174(Ref  3);  si  sol  in  hot  w,  easily 
sol  in  hot  w.  Was  first  prepd  by  Stolle 
(Ref  2)  by  prolonged  heating  of  o-meth- 
oxyphenyl thiourea  with  PbCOj  and  NaN3 
while  passing  in  C02  gas.  Henry  et  al 
(Ref  3)  prepd  it  by  cyciization  of  o-ani- 
sy  Iguanylazide 

Refs:  l)Beil  - not  found  2)R.Stolle 

et  al.JPraktChem  134,282-3  & 300(1932) 
3)R.A.Henry  et  al.JACS  76,92(1954) 

5-(o-Methoxyphenyl amino)-a(or  lH)-tet- 

razole  or  5-(2-Anisyl)-5-amlnotetraiole, 

(o-CH,0-C6H4)-HN-C-NH-N.  Crysts(from 
I!  II 

N N 95%  ale), 

mp  213—14°.  Was  obtained  by  isomerization 
of  previous  compd 

Refs : 1 )33ei  1 - not  found  2)R.A.llenry  et  al, 

JACS  76,92(1954)  3)Ibid, 77, 2264-70(1955) 
(Isomerization  of  substituted  5_flrr>inotetrazoles) 
5-(3' - Amino-p-an  t syl)-tetrozo  le,  called  by 
Lossen  Amidoan  isenyltetrazots^ure, 

I(oi,o-(nh2  )c4nJ-c--Nfj-N 

N N or 


( (C  H jO  ■ ( N H 2 )C 6H 3 ] • C-N-NI  i 
N“M 


Brn  ndls  of 


die  monohydrate(from  w ),  mp  223°;  insol 
in  eth;  easily  sol  in  hot  w & ale.  Was  prepd 
by  heating  5-(3-nitro~4-niethoxypheny l)-tet- 
razole  with  SnCI2  in  HCI  of  d 1.17 
Refs : l)Beil  26,586  2)W.Lossen  et  al, 

Ann  .29-3,1  15(1897) 

5- Amino- l-(m-methoxypheny!)-a(or  lH)-tet- 
razole  or  l-(3- Ar»rsyf)-5-aminotetrazole 

(m— c;i  f30-  C61 14) 

H2M*C N — N.  Crysts(from  95%  ale), 

N N mp  140.5-141.5°. 


Was  prepd  by  cyciization  pf  m-anisylguanyl- 
azide,  H2  N-C(N,):N(m-CH30*C8H4) 

Refs : l)Beil  — not  found  2)R.A.Henry 

et  al.JACS  76,92(1954) 

5-Amino-1-(p-methoxyphenyl-a(or  lH)-tetrazole 
or  l-(4-Ani  syl)*  5-ami  notetraxole, 

(p-CHjO'C6H4) 

ILN-C-N-N  . Crysts(from  95%  ale), 

2 II  11 
N N 

mp  209-10°.  Can  be  prepd  by  cyciization  of 

p-anisy  Iguanylazide 


Refs:  l)3ei!  — not  found  2)W.G. Finnegan 

et  alJOC  18,788(1953)  3)R-A.Henry  et  al, 

JACS  76,92(1954) 

5-(p-Methoxyphenylamiro)-a(or  lH)-tetraxole 
or  5*(4-Anisyl)-5-aminotetrazole# 

(p~CH,0-C6H4)-HISbC— Nll-N 

II  II.  Crysts(from 

N N 40%  ale), 

mp  200—2°.  Was  prepd  by  catalytic  dibenzyla- 
tion  of  5’(benzyl-4_anisyl)*5-aminotetrazole 
over  palladium  in  AcOH 

Refs:  l)Beil  - not  found  2)R.A.Henry  et  al, 

J ACS  76,92(1954) 

Aminorrethoxyphenyltetrazoles,  Thermai  Iso- 
merization. See  R .A. Henry  et  al,JACS  76,88(1954) 
Aminomethoxyphenyltetrazoles,  Identification  by 
Means  of  IR  Spectroscopy.  See  W.G. Finnegan 
et  alJACS  77,4420(1955) 

Aminomethoxypbenyltetrazole s,  Azido— C8H8N#0 
and  Derivatives  were  not 

found  in  Beil  or  CA  through  1956 
Aminomethoxyphenyltetrazoles,  Nitrated  and/or 
Nitrited  Derivatives  were  not  found  in  Beil  or 
CA  through  1956 


AMIN  OMETHYL  AMIN0IMIDAZ0L1DINES 
AND  DERIVATIVES 


Aminomethylaminoimidazo!idine5,  C4H12  N4, 

mw  116.17,  N 48.23%*  The  isomer  2-amino- 
2’(metbylamino~imidazolidine  may  be  con- 
sidered the  par  ent  compd  of  the  following  derivs: 


2-Amino-2-(methylnitr  aminoH-nitro-imidazol  idine, 


u2  c-m(no2  yc(  m2  )-n(ch,)*no3 


1 

ll2c. 


! 

-NH 


, mw  206.17, 


i\  40.77%.  Crysts,  mp  103— 103.7  . This  high 
nitrogen  compd  was  obt  in  small  yield  in  the 
course  of  the  prepn  of  methylnitraminoethyl- 
nitroguanidine(Ref  2,pp  639-40) 

Refs:  l)Beil  — not  found  2)M.W. Kirkwood  & 

G.F.WrighcJOC  18,634  & 639-40(1953);  CA  48, 
6968(1954) 
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Aminomethylaminoimidazoline,  Azido- 
C4HnN,  and  Diazido-C4Hl0Nl0  Deriva - 
tives- not  found  in  Beil  or  CA  through  1956 
Aminomethyloni  lines.  Same  as  Methylphenyl- 
enediamines 

Aminomothylbemene.  Same  as  Aminotoluene 

1 1 -Amino- 1-methylbeniene  or  ca-Aminotolu* 
ene.  Same  as  Benzylamine 

AMINOMETHYLBIPHENYLS 
AND  DERIVATIVES 

Aminometbylbiphenyls  or  Metbylbi phenyla- 
mines,  CjjH^N,  exist  in  several  isometric 
forms,  such  as  Ha N-C6H4-C6H4-CHj; 

H2N 

'/C4H,-C#Hs}  H,C-HN«C6H  -C#H,  and 
HSC 

H2N-Hj  C^C^H^-C^Hj . There  is  also  the  iso- 
mer aminobiphenylmethane,H2 N*C6H4-CH2  - 
C6H5 . They  are  described  in  Beil  12,1326  & 
[770-1] 

Azidodminomethylbipbenyls,  C,,Hl2N4  and 
Diazidoaminobipbeny Is,  CjjHjjN,  — were  not 
found  in  Beil  or  CA  through  1956 
Mononitroaminomethylbipbenyls,  CjjHt2Na  02 . 
The  isomer  3-nitro-4-methylamino-biphenyl  is 
described  in  Beil  12,[760]  and  the  isomer 
2-nitro-2-amino-biphenylmethane  in  JCS 

1948,299 

Nitraminometbylbiphenyls,  CjjH^NjOj  and 
Nitronitr aminometbylbiphenyls,  C^HjjNjC^ 

— were  not  found  in  Beil  or  CA  through  1956 
Dinitroaminomethylbiphenyls,  C,,HllNJ04. 

The  isomer  3,5-dinitro-4-methylamino-biphenyl 
is  described  in  Beil  12, [762]  and  the  isomer 
3,4*  -dinitro-4-araino-biphenyl-methane  in 

JCS  1933,1064 

Dinitronitrosaminometbylbipbenyls,  CllH|0N40J . 
The  isomer  3,5-dinitro-4-methylnitroso-biphenyl 
is  described  in  Beil  12, [762] 

D ini tronitr aminometbylbiphenyls,  C,jHl0N406 

not  found  in  Beil  or  CA  through  1956 

Trinitroaminomethylbiphenyls , CisHi0N4O6, 
raw  318.24,  N 17.61%.  The  isomer  N-(2,4,6- 
trinitro-benzyl)-aniline,  or  phenyl-(2,4,6- 
trinitrobenzyl)-amine  is  described  in  Beil  12, 


(468);  the  isomer  N-benzyl-4-nitro-aniIine  or 
picrylbenzylamine  is  in  Beil  12, [549]  and 
the  isomer  x,  x,x-tr  in  itro- 2-ami  nodi  phenyl- 
methane  is  in  Beil  12,(547).  None  of  these 
isomers  seem  to  be  explosive 

Tetranitroam  inomethylbi  phenyl  s,C,3H9Nj  0#, 
mw  363.24,  N 19.28%.  The  following  isomer 
is  described  in  the  literature: 

N-^^fi-TrinitrobenxylJ-S1  -nitroaniline  or 

(3  * -Nitropbenyl)-( 2, 4, 6-trinitro  ben  zyl)-  am  ine, 
(02  N)sC6Ha‘  CHa  -NH-C5H4NOj  . Red  ndls, 
mp  153°.  Was  prepd  from  2,4,6-benzylbromide 
and  3*nitroaniline  in  boiling  benz.  Its  expl 
props  were  not  examined 

Refs:  l)BeiI  12,(468)  2)S.Reich,O.Wetter 

& M.Widmer,Ber  45,3059(1912)  & CA  7,1011 
(1913) 

Note:  No  later  refs  were  found  in  CA  through 
1956 

Pentanitrophenylbenxyl  amine,  CjjHjN^O*, 
mw  408.24,  N 20.59%.  Yel  ndls(from  acet), 
mp  274°(dec);  sol  in  acet,  AcOH  & hot  ale; 
v si  sol  in  chlf  & eth.  Was  prepd  by  treating 
phenylbenzylurethane  with  fuming  HN02  + 
H2S04  at  a temp  somewhat  higher  than  -10°. 
Its  expl  props  were  not  investigated 

Refs:  l)Beil  12, [566]  2)H.Ryan  & J. 

O’  Donnovan  ,SciProcRoyDublinSoc  17,134 

(1923)  & CA  17,1792(1923) 

Note : No  higher  nitrated  and/or  nitrited  deriv 
were  found  in  Beil  or  CA  through  1956 

Aminomethyldioxacyclopentene.  Same  as 
Aminomethylimidazoline 

Am inomethyl diphenyl . See  Aminomethylbi- 
phenyl 

AMINOM  ETH  YLDIPHENYL  AMINES 
AND  DERIVATIVES 

Aminometbyldiphenylamines,  CISH14N2,  mw 
198.26,  N 14.13%.  Following  isomers  are 
listed  in  Beil  13,18,42,80—1,130,154—5  & 
[l3,42,6l]  : N-tolylphenylenediamine  or 
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aminotoluinobenzene,  HaN-C4H4-NH-C4H4* 
CHj,  and  N-phenyltoluenediamine  or  amino- 
anilinotoluene,  HaN 

H,C 

Azidoaminometkyldipbeny  famines,  C13HJ3N, 

— not  found  in  BeiJ  or  CA  through  1956 

D i azido  cm  inometkyldiphenylamin.es, 

CjjHiaNg  — not  found  in  Beil  or  CA  through 
1956 

Monon  it  roam  inometbyldiphenylamin  e s, 
CjjHjjNjOj,  raw  243.26,  N 17.28%.  Several 
isomers  described  in  Beil  13,30,130  & 

[21,66] 

Nitronit  ram  inom  ethyl diphenyl  amines, 

C,sHia  N404  — not  found  in  Beil  or  CA  through 
1956 

Dinitroaminometbyldiphenylamines t 
CjjHiaN404,  raw  288.26,  N 19.44%.  Several 
isomers  are  described  in  Beil  13,42,79,81, 
131,155  & [13,14,26,42] 

D ini  troni  tram  inom  ethyl  diphenyl  amines, 
CjjHjjNjOj  — not  found  in  Beil  or  CA  through 
1956 

Trinitro  am  inom  etby  Idiph enylam ines, 
C^H^NjOj,  raw  333.26,  N 21.02%.  Several 
isomers,  none  of  them  expl,  are  described 

in  Beil  13,30,61,79  & 81 

Trinitronitraminom  ethyl  diphenyl  amine, 

CuH10.N6Os,  raw  378.26,  N 22.22%,  OB  to 
COj  -97.3%.  The  following  isomer  is  de- 
scribed in  the  literature: 

2,4f6-Trinitro-3-methylnitramino-diph  enyl- 
amine,  also  called  in  Beil  N-Nitro-N-methyl- 
/V'  -phenyl-2- 4 . 6-trinitrophenylendiamin-( l. 3) 
or  M et by l-[2. 4 . 6-trin itro-3-  l ino  -ph  enyf]- 

nitramm,  CSHS  -NH.C6H(NOa  )s*N(NOa  )-CHr 
Yel  crysts,  mp  183°;  easily  sol  in  boiling 
acet,  diff  sol  in  ale.  Was  prepd  by  treating 
aniline  with  methyl-(2,3,4,6-tetranitrophenyl> 
nitramine  in  benz 


Refs:  l)Beil  13,(17)  2)P.van  Romburgh  & 

J.H.Scheppers,VerslagKAkadWettenschappen 

22,298(1913)  & CA  8,3656(1914) 

T etranitroam  inometbyldipbenylamine  s, 

C13Hi0N6Os  — not  found  in  Beil  or  CA  through 
1956 

Tetran  itronitraminomethyldipheny  lam  ines, 

C11H,N,Ol0,  423.26,  N 23.17%,  OB  to  CO, 

-77.5%.  The  following  isomers  are  described 
in  the  literature; 

2,4, 6,2*  -T etranitro-  3-meth yl  nitrami no- di  phenyl- 
amine,  also  called  in  Beil  N-Nitro-N-metbyl* 

N'  -[ 2-mtro-phenyl)-2,4.6'trinitrophenylendia - 
min-(L3),  0JN*C6H4*NH-C4H(N0a  )s-N(NOa  )-CH,. 
Yel  crysts(from  AcOH),  mp  200°(dec).  Was 
prepd  by  treating  2,4,6-trinitro-3_niethylnitramino- 
diphenylamine  with  HN03(d  1.49)  at  RT.  Its 
expl  props  were  not  examined 

Refs:  l)Beil  13,(18)  2)C.F.van  Duin  & 

B.C.R.van  Lennep,Rec  38,366(1919) 

2,4, 6,3  ’-Tetran  itro-3-  methyl  nitromino-di  phenyl- 
amine,  also  called  in  Beil  N'  -Nitro-N'  -methyl- 
Ni-[3~nitro-phenyr\-2.4-6-trimtropbenylendiamin- 

(1.3),  0aN.C6H4-NH'C4H(N0j)j-N(N02)  CH3.  Yel 
crysts(from  AcOH),  mp  206°.  Was  prepd  by 
heating  merhyl-(2,3,4,6-tetranitrophenyI)-nitra- 
mine  with  3_nitro-aniline  in  benz.  Its  expl  props 
were  not  examined 

Refs:  l)Beil  13, [34]  2)C.F.van  Duin  & D.R. 

Koolhaas, Rec  46,380(1927) 

2,4,6, 4'  -Tetranitro-  3-meth  ylnitramino-di  phenyl- 
amine,  also  called  in  Beil  N'  -Nitro-N-metbyl- 
N3-(4’nitro-phenyl)-2. 4-  6- trinit  ro-pheny l endia- 
min-( L3),  OjN.CgH.-NH.CeHCNO^.NCNOji.CH,.  Or 
ange-yel  cry sts(f torn  AcOH),  mp  200°.  Was 
prepd  by  treating  methyl-(2,3,4,6-tetra-nitrophenyl 
nitraraine  with  4-nitro aniline  in  boiling  benz. 

Its  expl  props  were  not  examined 

Refs:  l)Beil  13,(18)  & [34]  2)C.F.van  Duin 

& B.C.R.van  Lennep,  Rec  38,367(1919)  3)-C.F. 
van  Duin  & D.R. Koolhaas, Rec  46,478(1927) 
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Pentanitroaminometbyldipbenylamines, 
r um  n — . t j r-  s 

v>lJ*l9i1|7v|0  “ uuv  iwuuu  in  uviij  ua 


-1 

LlllUU^li 


1956 


Pentanitronitromi  nodiphenyl  am  ines,  C„HBN,012 

raw  468.26,  N 23.94%,  OB  to  C02  -6 1.5%.  The 

i — : : j :i i 1 * 

iuuuw  40  uco^tiutu  iu  me  xu^iaiuigt 

2, 4,6, 2’  ,4'  *Pentamtro-3-methylmtranii  no- 
diphenyiamme,  also  called  in  Beil,  N-Nitro-N- 
metbyl-N'  -( 2.4'di nitrophenyl)-2. 4-  6-trinitro- 

tihfi  yy\tl &r>Ai  firnin-(  1 3 1 (C\  C H .NfH. 

r — •■/ !•»*-'/»  j*V2  wr  "3 

CaH(N02  )3.  N(N02  )-CHs.  Crysts(from  AcOH), 
rap  224-5  • Can  be  prepd  by  nitrating  2, 4,6,2- 
or  2 ,4,6,4*  -tetranitro-3-methylnitramino- 
dipheoylamine  with  cold  HN03  (d  1.52)  or  by 
nitrating  4, 6-dinitro-3-raethylnitraini no- 
di phenyl  ami  jje  with  mixed  HN03-H2S04  at 
RT 


Refs : l)Beil  13,(18)  2)C.F.van  Duin  & 

E.CR.van  Lennep;Rec  38,365- 6(1919) 


Note : No  later  refs  and  no  higher  nitrated 


through  1956 


AMINOMETHYLGUANI  DINES 
AND  DERIVATIVES 


Aminomethyl  guanidines  and  Metbylamino- 
guanidines,  C2H#N4,  raw  88.12,  N 73.59%  ate 
high  nitrogen  compds,  which  might  be  useful 
as  components  of  prplnts  or  expis.  None  of 

^1 1 c 1 jnrU ~ 

Uicoc  LUiU|AJd  WdO  1LPUI1U  -A  LI  1UC  IVUt/n- 

ing  isomers  and  derivs  were  either  prepd  or 
could  be  prepd  if  there  was  a need,  or  interest: 

1-Amino*  1-methylguanidine (using  the  numera- 

. * — J » J 1_  __  A /'OV  lJ  XT  XT  /✓"'■LI  \ 

cion  rckuiiiiucuLicu.  oy  na  lv  — 

C(:NH)-NH2.  Its  nitrated  deriv  was  described 
in  Ref  3 as  1- Amino- l-methyl-3-nitroguanidine, 
H2N-N(CHs)-C(:NH)-NH-N02,  raw  133.12, 

N 52.61%,  rosettes  or  flat  ndls(from  ale),  mp 
170—1°.  It  was  prepd  by  Henry  & Smith(Ref 
3)  from  methylhydrazine  and  1-methyl-l- 
nitros o- 3* nitr ogu an i dine  using  a method  de- 
veloped by  McKay  & Wright  (Ref  2) 

A rrnrrlino  fn  T^r  W^nru/'T?  P f ^ ^ fVi  f*  ahfiVA 

& / \ >■/ “ 

amiaomethylnitroguanidine  is  the  same  as 


1- Amino-  l-metbyl-2‘nitroguanidine  mentioned 
Ky  Burkardt(R e£  4)  and  its  formula  is 
H2N-N(CH3)-C(:N-N02)-NH2.  The  name 
l- amino- l-me thy l-2-nitro guanidine  is  pre- 
ferred because  it  uses  the  smallest  possible 
numbers(Ref  5) 

Refs:  l)Beil  — not  found  2)A.F. McKay  & 

G.F. Wright,  JACS  69,3028(1947)  3)R.A. 

Henry  & G.B.L.SmithjACS  73,1858-9(1951) 

& CA  46,2502(1952)  4)L.Burkardt,AnalChem 
28,823(1956)  (X-ray  diffraction  pattern  of 
l-amino-l-methyl-2-nitroguanidine , stated 
to  have  been  prepd  by  R.  A. Henry,  W.G. 
Finnegan  & J. Cohen.  No  reference,  no  method 
of  prepn  or  no  props  are  given)  5)Dr  Ronald 

A 11 XI  rm'P  yL  ! - ^ t _ 1 l.'f.  ^ _ 

n#ncmy yi\\j  io) uiiua  i^iukc^ictiu;  pnvait: 

communication  5056/RAH:ef,22  Dec  1958 

2*Amino*1-methylguanidi  ne,  (CH3)HN- 
C(:NNH2  )-NH2  . Its  nitrated  deriv  2-amino- 
i-me ibyi-3-nilroguanidine  was  mentioned  in 
Ref  2 without  giving  its  method  of  prepn  or 
props.  Its  formula  is  presumed  to  be 
(CH,)HN-C(:NNH2  )-NH03 

Arrnrrlt  nr>  fn  Hr  Non  r * tYI?  ^ M Anruol  li» 

_w  *-*«.  **'—*-/  ^/,  

this  compound  has  never  been  isolated  in 
the  free  form:  only  its  benzal  hydrazone  has 
been  described.  At  the  time  this  work  was 
done  we  could  not  think  of  a straightforward 
synthesis  leading  to  the  free  compound.  I 
believe  that  we  could  do  it  today  if  there 
was  a need  or  interest’  ’ 


Refs:  l)Beil  — not  found  2)R.A.Henry  & 


VI  « 1_J  • J-» 


T Arc  70  loco  A/irtci\  o r-  h i/ 

• jii^ui,  j Av^i_j  / «?,  iojo — y\Ly j l)  oc  ho. 


2502(1952)  3)Dr  Ronald  A.Henry,NOTS, 
China  Lake, Calif;  private  communication 
5056/RAH  :ef  22  Dec  1958 


0 A O iL.  2 Ji  — . ^ f I X7T1XT  r/.M^TT  V 

ui  nvr 

NH2(Ref  3).  This  compd  was  one  of  the  prod- 
ucts obtained  by  Henry  and  SmithfRef  2)  as 
result  of  the  reaction  between  methylamine 
and  nitroaminoguanidine.  It  was  first  named 
3-araino-l-methyIguanidine 


According  to  Dr  Henry(Ref  3)j  "Direct 
nitration  of  1-amino- 2-methyIguanidine  is  not 
possible  because  the  hydrazino  group  would  be 


A232 


oxidized.  If  the  hydrazino  group  could  be  pro- 
tected, one  would  probably  get  a mixture  of 
nitramines,  for  example:  l-amino-2-methyI-3- 
nitroguanidine,  H2 NNH~C(:NCH,)-NHNOa  and 
l-amino-2-methyl-2-nitroguanidine,H2  NHN- 
C(:NH)NNO, . This  latter  isomer  is  also  un- 

I 

CHj  described  in  the  literature’’ 

Note:  The  formula  for  l-amino-2-methyl-2- 
nitroguanidine  is  given  in  Ref  3 and  it  does 
not  seem  to  agree  with  the  numeration  pro- 
posed by  the  ACS.  If  the  formula  of  the  last 
compd  is  right,  then  its  name  should  be  1- 
amino-3-metbyl-3-nitroguanidine 

Refs:  l)Beil  - not  found  2)R.A.Henry  & 

G.B.L. Smith, JACS  73,1858-9(1951)  & CA  46, 
2502(1952)  3)Dr  Ronald  A.Henry,NOTS, 
China  Lake, Calif;  private  communication 
5956/RAH :ef  22  Dec  1958 

Methyl  ami  noguanidine,  (CHS)NH-NH-C(NH2 ): 
NH  or  (CHj)HN*N:C(NH3  )2 , was  prepd  as  the 
sulfate  by  heating  on  a water  bath  coned 
so  Ins  of  methylhydrazine  and  S-methyl- 
isothiourea  sulfate.  It  was  patented  in  Ger- 
many 

Refs:  l)Beil  4, [959]  2)Schering-Kahlbaum, 

GerP  463.576  & ChemZtr  1928,11,1846 

Azidoaminomethylguanidine,  C2  H7N7  — does 
not  exist  as  such  because  it  is  assumed  to 
isomerize  at  once  to  the  corresponding 
tetrazy  1-guanidine  compd 

Nitronitraminome thylguanidine,  C2  H6N604 
and  D ini tr am inome thy l guanidine,  C2  H6N604 
— not  found  in  Beil  or  CA  through  1956 

Aminomethylimidazoline  and  Derivatives. 

See  under  Amiooimidazozoline  and  Amino- 
imidazolidine  Substituted  Derivatives 

Aminomethylnitr amines  and  Hydroxymethyl- 
n it r amines.  See  under  Hydroxy-  and  Amino- 
methylnitr amines 

Aminomethylnitrosolic  Acid,  Nitrosoformam?- 
doxime  or  Nitrosoaminoformadoxime(Called 


Amido-methylnitrosolsdure  by  Wieiand), 

ON.C(:iNOH)-NHa,  mw  89-00  N 35.90%. 

Green  plates  changing  readily  to  a yel  amor- 
phous mass;  is  decompd  violently  by  inor- 
ganic acids.  Can  be  prepd  by  the  action  of 
methylalcoholic  KOH  on  dihydroxyguanidine- 
hydrobromide 

The  potassium  salt,  KCH2N301?  crystal- 
lizes from  80%  ale  in  brilliant,  steel-blue  ndls, 
which  dec  at  21  0 or  expl  at  220°(Refs  1 & 2). 
Its  aq  soln  treated  with  aq  AgNO,  and  HNOs 
yields  the  very  explosive  silver  fulminate 

Refs:  l)Beil  3,97  2)H.Wieland,Ber  38, 

1456-61(1905)  & JCS  38,421(1905)  3)H. 
Wieland,Ber  42,820(1909) 

AMINOMETHYLPROPANEDIOLS 
AND  DERIVATIVES 

2- Amino- 2-methyl-  lt 3-propanediol ; 2-Amino- 
2-meihyl- 1, 3-dihydroxy-propane  or  Bis(hy- 
droxymelhyl )m  e thy  l- am  ino  me  th  an  e(c  ailed  in 
Beil  /3-Amino-/S-methyl-trimethyIenglykol), 
HO-CHa-C(NH2  )-CH2  -OH 

j,  , is  described  in 

C Hi  j 

Beil  4,303-  It  may  be  considered  the  parent 
compd  of  the  following  derivs: 

2- Amino- 2-methyl- 1, 3-propanediol  Dinitrate 
or  2-Amino-2-meth yl- 1,3-di nitroxy propane, 

also  called  Bis(nitroxymethyl)metbylamino- 
methane  or  fl-Amino-fd-metbyl-trimetbylene - 
glycol  Dinitrate,  02  NO-CH2  -C(NHa  )-CHa  -ON02 , 

I 

CHj 

rnw  195.14,  N 21.54%,  OB  to  C02  -69.7%. 

Col  liq,  d 1.368  at  20/20°,  1.4759  at  20°, 

expl  on  heating,  unstable  even  at  RT.  'Was 
prepd  at  PicArsn  by  nitration  of  2-methyl-2- 
amino-1, 3-propanediol,  drowning  the  spent 
acid  in  w and  making  the  soln  alkaline.  It 
was  considered  unsuitable  for  military  pur- 
poses 

Refs:  l)Beii  — not  found  2)H. Aaronson, 

PATR  1412(1944) 

Note:  Description  of  this  compd  was  not 


A 23  3 


found  in  CA  through  1956 


2- Nitr  amino- 2-methyl- 1, 3-propanediol  Dini- 
trate, OjNO-CH,  -C(NH-NOa  )-CH2  -ONOa 


CH3 

not  found  in  Beil  or  CA  throu 


oh 

D ' 


1956 


Azidoaminomethylpropanediol,  C4Hl0N4O2  , 


TI  XT 


. >_■_  1 

1 


and  Azidoaminomethylpropanediol  Dinitrate, 


C4HsN404  — were  not  found  in  Beil  or  CA 
through  1956 

Note:  R.C.Elderfield  et  al  [OSRD  Rept  158 
(1941),  7—8]  prepd  by  condensing  2-amino- 
2-methyl- 1,3-propanediol  with  2,4-dinitro- 

rkl  AMkan  VAna  f k a k p«s  a/1  « /• 


2,4-dinitrophenyl-bis(hydroxymethyl)- 
methylamine,  mp  162—3°,  which  on  nitra- 
tion with  mixed  nitric  sulfuric  acid  gave 
2,4,6 - trini  trophenyl-(  bis-hy  dro  xy  )-tert- 
butylnitramine  dinitrate,  mp  159°, {See  £il so 
under  Anilinomethylpropanediol 


AMINOMETH  YLPROPANOLS 
AND  DERIVATIVES 


2-Amino-2-methyl-1-proponol,  2- Am  i no- 2- 
methyl-  1-hydroxypropane  or  Hydroxyamino- 


NH2 


thy!  props  no,  Cft  -C.CH,  OH 


CH. 

sidered  the  parent  compd  of  the  following 
derivs: 


2-Nitramino- 2-methyl- l-propanol  Nitrate,  l- 
Klitroxy- 2-nit  ram|  no. 2-methyl-propane  or  1 * 

N i troxy-  2-nitr  am  i no-2, 2-d  i met  Kyi  ethan  e. 


NH-N02 

CH3-C-CH2-0N02,  mw  179.14,  N 23.46%; 

1 crysts,  mp— not  given. 

CH, 

Can  be  prepd  from  2-amino-2-methyl-l-prop' 
anol  according  to  the  reactions  given  in 
Ref  2,  as  follows: 


NH2 

1 

1 C1COOC,  H«  followed 

ch,.c*ch2oh  U 

I by  aq  N aO H 

CH, 


NH<COOCa  Hs 


CH  j*C*CHa  OH 


HNO,  at  10' 


CH, 

NflSin.  'ICOOC.H. 


CH3-C 

I 


NH,  followed 


ch3 


nh-no2 

! 

CH.-C-CH.  ■UNG. 

I 

CH. 

It  was  proposed  as  a possible  gelatinizer 
lur  N C 111  piOpcilimtS 

Refs:  l)Beil  — not  found  2)A.T.Blomquist 

& F.T.Fiedorek,  USP  2,485,855(1949), pp  6 & 
15;  CA  44,3516-17(1950) 

Azidoaminomethylpropanol,  C4Hl0N4O,  Diazido- 
aminometbylpropanol,  C4H9N70  and  Azidoni- 
traminopropanoi  Nitrate , CjHjNjGj  were  not 
found  in  Beil  or  CA  through  1956 

Aminomethylpyridine.  Same  as  Aminopicoline 

AMiNGMETnYL-  AND  mETHYLAWiNG- 

TETRAZOLES  AND  DERIVATIVES 


Aminomethyltetraxoles  and  Methylamino- 
tetrazole  s,  Ca  Hs  Ns , mw  99.10,  N 70.68%.  The 
following  isomers  were  found  in  the  literature: 


C A mm  2 a _ 1 __  k Lf]  _ _ A a4*  m « i\  l n a#  C_  A Hi  irtA-  1 — 

methyl-lH-tetrazole,  called  in  Beil  1-Methyl - 
5-amino-tetrazol  or  l-Methyl-tetrazolon-(5)-imid, 
H2N-C-N(CH3)-N 

||  ||  . Ndls  or  crysts,  mp  218—223.5 

N N 


» ^ T / 

nty i 


(Refs  2, 3,4,5);  mp  226-232°(Refs  7,8,9); 
decomp  with  evoln  of  gas.  Easily  sol  in  hot, 
diff  sol  in  cold  w,  sol  in  ale,  si  sol  in  eth. 

Was  fir^r  f^r/=>nA  TK  ip  Ip  jj.  Fn  7\  r*nA 

~ t i -V  -“****  « *-i ' “,,u 

then  by  01iveri-Mandala(Ref  3).  Stolle(Ref  4) 

prepd  it  by  passing  C03  gas  through  the 

stirred  and  heated  mixt  of  monomethyithiourea, 

PbCOj  and  NaN,  in  ale.  Other  methods  of 

prepn  are  in  Refs  6,7  & 8.  This  compd  was 

also  prepd  by  Dr  R.  A.Henry(see  footnote  in 

R*»f  s * 

~7r 

X-ray  diffraction  spectra  of  5-amino- 1- 
methyl-a-eecrazole  3ic  discussed  in  Ref  6> 
its  thermal  isomerization  in  Ref  9,  and  its 
UV  and  IR  absorption  spectra  in  Ref  10 


Refs : l)Beil  26,404  & [245]  2)J. Thiele  & 

u in aTa  a ^07  3ur 

ii.nigiwfiiiiu  AVf 


Mandala,Gazz  52  1,103(1922)  & CA  16,2112 
(1922)  4)R.Stolle  et  al,  JPrChem  134,282- 
3 & 285-6(1932),  CA  26,5565(1932)  5)R.M. 
Herbst  et  alJOC  16,142(1951)  & CA  45,66  30 
(1951)  6)L.Burkard  & D.W.Moore,AnalChem 
24,1582(1952)  & CA  47,2010(1953)  ■ 7)W.G. 

ESnnPcran  ft  a I IOC  1ft  7fiS  7flft  Sb  70fV10S*V 

* C> ” w r / ww  wy  » ✓ -'-"/l 

CA  48,7007(1954)  8)W.L.Garbrecht  & R.M. 
Herbst, JOC  18, 1025-6(1953)  & CA  48,8225 
(1954)  9)R-  A. Henry  et  alJACS  76,88(1954) 
& CA  49,2427(1955)  10)D.B.Murphy  & J.P. 
Picard, JOC  19,1808  & 1810(1954);  CA  49, 


15879(1955) 


(1953)  & CA  48,8225(1954)  (According  to 
footnote, p 1026, Dr  R.  A. Henry  prepd  5-methyi- 
aminotetrazole  by  a method  essentially  like 
that  of  the  authors)  5)R-A-Henrv  et  a 1,7  ACS 
76,88(1954)  & CA  49,2427(1955)  6)D.B.Mur- 
phy  & J.P. Picard,  JOC  19,1808  & 1810(1954); 
CA  49,15879(1955)  7)R.A.Henry  et  alJACS 
77, 2264(195 5(  & CA  50,2557(1956) 

5-Amino-2-methyl-y3-tetrazole  or  5-Amino- 2- 
meth  yl  -2 H-tetra zo  le,  H2  N -<|>N -N  -CH , . 

I I 
N==N 

Crysts,  rap  104.5  — 105. 5°*  Was  obtained  in 
25—35%  yield,  together  with  35— 50%  of  the 
l-isomer(see  above),  when  an  aq  soln  of 
Na  5_aminotetrazoIe(l  mol)  was  heated  with 
dimethyl  sulfate(0.5  mol) 

Refs:  l)Beil  — not  found  2)J.H.Bryden, 

JACS  75,4863(  1953)  & CA  49,6242(1955) 


5- Ni  fro  s am  i no  - 1- m eth  y l-a-t  etr  a zo  I e, 

fOmHN-C-NfCH.V-N.  raw  7 28  10.  N AVAILS. 

' ' II  ' " If 

N N 


» rn  / Am  n>  \ m ^ *4  nf  nr 
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sol  in  hot  w,  diff  sol  in  cold  w,  very  sol  in 
hot,  less  in  cold  ale  and  v si  sol  in  eth.  Was 
prepd  by  treating  the  above  aminomethyltetra- 
zole  with  NaN02  plus  dil  HCI  in  the  cold.  Its 
ale  soin  gives  with  aic  AgNOs  a wh  flaky  ppt 
of  a silver  deriv  which  is  insol  in  ammonia 


5-Methyl  am  ino-a-tetr  azole  or  5-Methyl  am  ino- 
1 H-tetra zol  e,  CH2HN-C-NH-N 

|[  1 1 'icrysts  (from 

N N 

abs  ale),  mp  185°.  Can  be  prepd  by  hydro- 
genation of  5-nFfcthylbenzylamino-tetrazole 
or' by  other  method s(Refs  3 & 4)=  I?s  X-rav 
absorption  spectra  are  discussed  in  Ref  2, 
thermal  isomerization  in  Ref  5,  UV  and  IR 
absorption  spectra  in  Ref  6,  and  kinetics 
of  thermal  isomerization  in  Ref  7 

Refs:  l)Beil  — not  found  2)L.Burkardt  & 

D . W.M oore , An alChe m 24, 1582(1952)  & CA 
47,2010(1953)  3)W.G. Finnegan  et  ai,JOC 
18,785(1953)  & CA  48,7007(1954)  4)W.L. 
Garbrecht  & R.^E Herbst, JOC  18,1026—7 


Refs:  i)BeiI  — not  found  2)R.Stolle  et  al, 

JPrChem  134,282-3  & 286(1932)  & CA  26, 
5565(1932) 

5-  N itrosam ino-  l-metbyl‘ /9-/  e tr azole, 

(ON)HN— C=N— N-CH j was  not  found  in  Beil 


or  CA  through  1956 

Note:  No  nitrated  derivs  or  azido  compd s 
were  found  in  Beil  or  CA  through  1956 

AMINOME  THY  LTH I AZOLES 
AND  DERIVATIVES 

Aminomethylthiazoles  and  Methyl  ami  noth!  a- 
zoles,  C4H6N.  S,  may  be  considered  the  parent 


compds  of  the  following  derivs: 


A235 


2-Amino-4-methy!-5-nitrothiazole, 

0,N*C-S-C*NH, , raw  159.17.  N 26.41%. 

II  II  - ' 

H,CC N 

Cfysts(froini  ale),  mp  220°.  Can  be  prepd  by 
hydrolysis  of  2-ace tamido-4-methyl  -5- 
nitrothiazole(Ref  2).  or  by  other  methods  (Refs 
3,4  & 5) 


r>  ^ ~ + i \r>  1 c 2 <%\ir  ^ »l  * *_ 

— iiui  iuuuu  . OJ=ui  <±yy<x  Ui  l OL 

A.  Venkataraman,ProcIndianAcadSci  22 A, 34 3 
(1945)  & CA  40,4058(1946)  3)I.V.Bellavita, 
AnnChimAppl  38,449(1948)  & CA  44,154(1950) 
4)J.B. Dickey  & E.B.Towne,USP  2,659,719 
(1953)  & CA  49,1336e(1955)  5)J.B. Dickey  & 
E.B.Town e,USP  2,746,953(1956)  & CA  50, 


Azidoaminometbylthiazole,  C,HsNgS  — not 

t — J ! _ r>  — II  - _ ^ a -_1 i_  me  / 

iULLllU  AH  JDCil  Ul  uituugu  iy)u 


2-Nitramino-4’methylthiazole>  HC-S-C-NHN02 

ii  it 

HjC*  C N 

not  found  in  Beil  or  CA  thru  1956 

2-Nitramtno»4-methyl-5-nitrothiazol  e, 

O.N-C-S-C-NHNO.  or  02N*C-S-C=N-N02 

**11  II  II  I 

II  II  III 

H3GC N H,G  C NH 

mw  204.17,  N 27.45%.  Yel  plates,  mp  185° 

(Ref  2),  184-5° (decomp)  (Ref  3).  Was  prepd 
by  nitrating  2-amino-4-methylthiazole  with 
mixed  nitric- sulfuric  acids,  as  indicated  in 
Ref  3 

Refs:  l)Beil  — not  found  2)E.0chiai  & 

H.I.Nagasawa,J PharmSoc Japan  59,43(1939) 
3)S.J.Viron  & A.Taurins,CanJChem  31,887 
& 891(1953)  & CA  49,2423(1955) 

2-(N-Methylamino)-5-nitrothiazole, 

o2n-c-s-onh-ch3 

||  ||  j cry sts  (from  2:1  aic- 

HC_N 

water),  mp  223  = 4—224.5°-  Was  prepd  by  heat- 
ing 2-chloro-5-nitrothiazole  with  MeNH3-HOAc 
and  AcONa  in  AcOH 

Refs:  l)Beil  — not  found  2)S.R.MBushby 


& E.C.CoppJPharm  and  Pharmacol  7,112 
(1955)  & CA  50,964c(1956) 


2-(N-Meth  yin  itramino)thi  azole,  HC-S-C-1SI(CH1)N02 


N 


Crvsts.  mD  271.5—272°.  Can  be  Dreod 

- j t k ' i * 

by  treating  2-nitraminothiazole  either  with 
dimethyl  sulfate  or  ethereal  diazomethane 
as  described  in  Ref  2 


Refs : l)Beil  — not  found  2)J.B. Dickey, 

E.B.Towne  & G.F.Wright, JOC  20,505(1955) 

& CA  50,4128b(1956) 

2-(N-Meth  ylmtramino)-5-nitroth  i azo  !e, 

0,N-C-S-C-N(CH,)N0„ 

II  it  ~ mw  204.17,  N 27.45%. 

HC N 

Crystsffrom  ale),  mp  168.5  — 160°.  Can  be 
prepd  either  by  nitration  of  methylnitraminothiazole 
with  abs  HN0}  at  —70°  or  by  treating  nitronitra- 
minothiazole  with  methyl  sulfate 

Refs:  l)Beil  — not  found  2)J.B.Dickey,  E.B. 

Towne  & G.F.Wright,  JOC  20,505(1955)  & CA  50, 
4127-8(1956) 

3, 5- Di  n itr  o*  4- m eth  y I - 2-n  i tr  i m In  o- A4-*h  i a zo  I i n © 
(listed  in  CA  as  3,5*Dinitro-4-Tnethyl-2-ni- 
trimino-4-thi  azo  line),  02N-C-S-C=N-N02 

_!l  \\ 

HjC-C  — N-NOa 

Wh  solid,  mp  expl  ca  98°.  Was  prepd  by 
treating  the  previous  compd  with  mixt  of  99— 

100%  nitric  acid,  acetic  anhydride  and  glac 
acetic  acid(Ref  2) 

When  the  nitro  compd  was  warmed  with  sol- 
vents, such  as  benz  & acet  or  glacial  AcOH, 
brown  fumes  of  nitrogen  dioxide  were  libera- 
ted. (See  also  Aminothiazoles) 

Refs:  l)Beil  — not  found  2)S.J.Viron  & A. 

Taurins,Can  JChem  31, 891(1953)  & CA  49, 
2423(1955) 

AMINOMETHYLTRI  AZOLES 
AND  DERIVATIVES 

Aminomethyltriazoles,  CjHjN^,  mw  98.11,  N 
57.11%,  OB  to  C02  -146.8%,  OB  to  CO  -97.8%. 


j 


A 236 


These  high  nitrogen  eompds  might  he  of  use 
in  expl  & propellent  compns.  The  following 
isomers  and  their  derivs  are  described  in  the 
literature: 

l-Amino-5-methyl-a-vie-triazole  or  1-Amino- 
5-metHyl-lH-l  2,3-triazole,  H,C*C-N(NH.  )-N, 

Jj  I1, 

iiC N 

col  lfts,  mp  70°;  easily  sol  in  chlf,  ale  & w, 
more  diff  sol  in  erher-  Can  be  prepd  by  heat- 
ing l-benzalamino-5-methyl-victriazole  with 
5%  HCl  or  by  other  methods.  It  reacts  neu- 
tral in  water  and  forms  salts  with  some 
acids 

Re/s:  l)Beil  26,23  & [9]  2)L.Wolf  & A.  A. 

Hall,  Ber  36,  3617-18(1903)  3)R.Stoll6, 

Ber  59B,  1745(1926) 


3-Am ino-5-methyl-a-sym-tri azole  or  3-Amino- 
S-methyl-lH-l^^-triazole,  H3OC-NH-N 


is  isomeric  with  5-Amino-3-methyl-/3-sym- 
triazole  or  5-Amino-3-methyl-2H-2, 4, 1-triazole, 

HjN-C^N-NH 

j ! , also  called  5-Amino- 

i\=  C-CHj 

3-methyl-lf2/4-triozole(called  in  Ref  2 Amido- 
me thyltriazol )■  Wh  ndls,  mp  !48°(Refs  1 ft  2), 
mp  151— 2°(Ref  4);  very  sol  in  w & ale,  diff 
sol  in  acet  and  nearly  insol  in  other  organic 
solvents.  Can  be  prepd  from  acetylamino- 
guanidine  nitrate  and  soda  by  the  procedure 
described  in  Ref  2.  No  methods  of  prepn  are 
given  in  Refs  3 & 4 

It  forms  salts,  such  as:  a)m7raJe,C3H6N4r 
HN03,  mw  161.13,  N 43.47%,  OB  to  C02 
~54.6%,  OB  to  CO  -24.3%,  wh  crysts,  mp 
176— 7°(Ref  4),  171°(Refs  1 & 2),  Q* 

466.68  keal/mol  and  -'-54.59  keal/mol 
(Ref  4)  b )picrate,  C.H.N .-C.H.N.O,, 


mw  327.22,  N 29.97%,  OB  to  CO,  -75.8%, 

OB  to  CO  ~3l.8%y  yel  ndls,  mp  225°(decompn) 

Refs:  l)Reil  26,145,(39)  * [77]  2)J. Thiele 

ft  K.Heiden reich.Ber  26,2599-2600(1893) 

3)E.Li  eber  & G.B.L. Smith, ChemRevs  25,253 
& 255(1939)  4)M.M. Williams  et  al,JPhChem 
61,264  & 266(1957) 

Azidoaminome tkyltriazoles,  C3H5N,  — not 
found  in  Beil  or  CA  through  1956 

Nitrosaminomethyltriazoles,  CjHsNs  0,  mw 
127.11,  N 55.10%.  The  compd  listed  in  Beil  26, 
[78]  as  5-Nilrosamino-3-metbyl-l,2,4’lri&zol 
seems  to  be  the  nitroso  deriv  of  previous 
aminomethyltriazole.  It  can  be  called  5- 
N itrosam  ino-3-m  ethyl- {3- sym-tri  azole, 
qm  . u w.  mu 

j j , which  is  identical  with 

N=,C‘CH3 

3-Nitrosamino-5-methyl-a-  sym- triazole, 
H3C-HN-C-NH-N 

j]  jj  , also  called  3-  ft  tiros  am  in  o- 

N C-NH-NO 

3-methyl-  1H- 1. 2, 4-triazole 


Nitraminomethyltriazo  les,  C3H5NsOj  , mw 
143.11,  N 48.94%,  OB  to  C02  -72.7%,  OB  to 
CO  -39.2%.  The  compd  listed  by  Henry(Ref  2) 
3nd  by  T gf  35  j- jM g f j-w iiToam  iriOm 

1, 2, 4- triazole  is  identical  with  3-Nitramino - 
5-metkyl-l,2, 4-triazole  of  Wiliiams(Ref  5)- 
We  call  this  compd  3- Ni tram ino- 3-methyl- a- 
sym-triazole  which  corresponds  to  the  CA 
name  3- N iiram ino-3-me ihyi - in- 1,2,4- triazo ie , 

h3oc-nh-n 

jl  Ij  . It  is  identical  with 


N C-NH-NOj 

3-Nitramino- 3-methyl-  ft- sym -triazo I e or  3- 
Nitramino-3-methyl-2H-2.4. 1-triazole, 


02N-HN-C=N-NH 

i i /„  _ C i 

1 I • Ut  Vllt  ll^is  1*0- 

N=C-CH3 

mers  3-methyl-5-nitroaminc-l}2,4-triazoIe  and 
3-nitroamino-5-methyi-l, 2, 4-triazole  as  two 
different  eompds,  but  it  seems  that  they  are 

; j _ i 

1UC  il  LI  Ldl 
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Nitraminomethyltri  azole  described  in  Ref 
2 was  obtained  as  col  rosettes  or  ndls,  mp 
212-13°  with  decompn.  Williams(Ref  5) 
gives  mp  206—7°.  W as  prepd  by  Henry  from 
l-acetaraido-3-nitroguanidine  as  described 
in  Ref  2,p  5344.  Spectrophoto metric  studies 
of  dissociation  constant  are  discussed  in 
Ref  4 and  IR  absorption  spectra  in  Ref  3a. 

Its  Qv  is  465.67  kcal/mol  and  Q -12.72 

c f 

kcal/mol(Ref  5) 

Refs:  l)Beil  — not  found  2)R.H. Henry, 

JACS  72,5344(1950)  3)E.Lieber  et  alJACS 
73,1793(1951)  3a)E.Lieber  et  al,AnalChem 
23,1594(1951)  4)J.E.DeVries  & E.St.CIair 
Gantz,JACS  76,1009(1954  ) 5)^.M. Williams 
et  al,JPhysChem  61,264  & 266(1957) 

AMINONAPHTHAL.  ENES 
AND  DERIVATIVES 

Aminonapbtbalenes  or  Napbthylamines, 
Cl0H7NH2,  mw  143. 18,  N 9.78%,  are  de- 
scribed in  Beil  12,1212, 1265,(519,532)  & 
[675,710] 

Azidoaminonapbtbalene s,  Ci0Hc*Nj‘NH2  and 
Diazidoaminonaphthalene s,  CI0Hs(N,)a  .NHa 
— were  not  found  in  Beil  or  CA  through  1956 

Nitroaminonaphthalene s,  Oa  , mw 

188.18,  N 14.89%,  are  described  in  Beil  12, 
1258-61,1308,1313-15,(530,544)  & [703-5, 
731-3] 

Nitrdminonaphtbalene  s,  Ci0Hj-NHNO2  , mw 
188.18,  N 14.89%*  Two  isomers  are  de- 
scribed in  Beil  16,675  & [346] 

Dinitroaminonaphthalene s,  (Oa  N)a  .C^H,  *NHa , 
mw  233. 18,  N 18.02%.  Several  isomers  are 
described  in  Beil  12,1262—4,1315—16,(530) 

& [708,734-5] 

NitronitTaminonapbtbalen.es,  OaN*CiaHs'NH* 
NOa  and  Dinitronitraminoaphtbalenes, 

(OjN)2  -QHj  *NH-NOa , were  nocrfound  in 
Beil  or  CA  through  1956 

Trlnitroaminonaphthalenes,  (0JN)J.Clohl4’,NHa , 


mw  278.18,  N 20.14%.  The  following  isomers 
are  described  in  the  literature: 

2,4,5-Trinitro-l-ammonaphthalene  or  2,4,5- 
Trinftro-a-naphthyf amine,  yel  ndls  or  micro- 
scopic prisms;  mp  ca  264°  with  darkening 
and  defgr  at  higher  temp(Ref  2);  melts  with 
decompn  at  305° (Ref  3);  decomp  at  310° 

(Ref  4).  Was  first  prepd  by  Staedel(Ref  2) 
by  heating  the  ethyl  ether  of  2,4,5*trinitro- 
a-naphthy lamine  with  ale  NHa  in  a sealed 
cube  at  50°  for  2 hours. *A  simpler  method  is 
to  pass  NHS  gas  through  an  amyl  alcohol 
soln  of  4-chloro-l,3,8-trinitro-naphthalene 
(Ref  3).  Other  methods  are  described  in 
Ref  4 

Refs:  l)Beil  12,1264,(532)  & [709]  2)W. 

Staedel,  Ann  217,173(1883)  3)Max  Ridl, 

JCS  103,1915(1913)  4)H.W.Talen,ReC  47, 
355(1928) 

2.4.8- Trinitro-l-aminonaphthalene  or  2,4,8* 
Trinitro- 1-naphthyl  amine,  orange-yel  crysts, 
mp  189—90°.  Was  prepd  by  nitration  of  8- 
nitro-  1-toluene-p-sulphonamidonaphthalene 
in  AcOH,  followed  by  hydrolysis  in  sulfuric 
acid 

Refs:  l)Beii  — not  found  2)E.R.Ward  & 

L. A. Day, JCS  1951,782-7  & CA  45,90 14(1951) 

l,6,3-Trin»tro-2-aminonaphthalene  or  1,6,8- 
Trinitro-2-naphthyl amine.  Yel  ndls  turning, 
black  at  ca  266°,  decomp  ca  300°(Ref  3)  and 
defgr  at  higher  temps(Ref  2).  Was  first  prepd 
by  Staedel  by  beating  the  ethyl  ether  of 

1.6.8- trinitro-/3-naphthylamme  with  ale  NHa 
in  a sealed  tub„e  at  50°.  Other  methods  of 
prepn  are  listed  in  Refs  1,3  & 4 

Refs:  l)Beil  12,1316  & [736]  2)W.Staedel, 

Ann  217,174(1883)  3)E.J.van  der  Kam.Rec 
45,572  & 727(1927)  4)F.Bell  JCS  1929,2786 

TrinitronitTcaninonaphthalenes,  (Oa  N)3‘Cl0H4“ 
NH-NOj  — were  not  found  in  Beil  or  CA 
through  1956 

Tetranitroaminonaphthalene  s,(02  N)4Ci0Hj.NH2 
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mw  323. 18,  N 21.67%.  The  following  isomers 
are  described  in  the  literature: 

2.4.5. 7- T  etran  itro-  1-ani  Inon  aphtha!  ene(Calle  d 
by  Merz,  a-Tetranitro-l-naphthylamine),  It 
yel  ndls,  mp  194°.  Was  first  prepd  by  Merz  & 
Weitb  by  treating  4-bromo-l,3,6,8-tetranitro- 
naphthalene  in  benzene  with  NHs(Ref  2).  An- 
other method  is  to  heat  the  corresponding 
tetranitro-halogen  compd  with  urea  at  atm 
pressure,  using  xylene  as  a diluent(Ref  3)* 
This  compd  is  expl 

Refs:  l)Beil  12,1264  & [710]  2)V.Merz  & 

W.Weith,Ber  15,2717-18(1882)  3)W.H. Bentley 

& W. Blythe  & Co  Ltd.BritP  263,5 52(1925)  & 

C A 22,92(1928);GerP  480,343(1926)  & CA 
23,4950(1929) 

2.4. 5.8- Tetranitro-  1-am  inonaphthalene(CaIIed 

by  Merz,  /3-Tetranitro-naphthylamine  ).  Vel 
ndls,  mp  202°.  Was  obtained  by  Merz  & Weith 
by  moderately  warming  4-bromo-l, 3,5,8- 
tetranitronaphthalene(suspended  in  benzene) 
with  NHj(Ref  2).  This  compd  is  a mild  expl 

Refs:  l)Beil  12,1264  2)V.Merz  & W. Weith, 

Ber  15,2720-1(1882) 

T etranitronitraminonaphtbalenes,(02  N)4Cl0H3- 
NHNOj , Pentanitroaminonaphtbalenes, 
(02N)scl0H2  -nh2  and  higher  nitrated  deriva- 
tives were  not  found  in  Beil  or  CA  through 
1956 


Ref:  Beil  22,542-3,(676)  & [264] 

[ 

Azidoaminonicotinic  Acid,  CeHg  Ng  02  and 
Diazidoaminonicotinic  Acid,  CaH4Na02  — 
were  not  found  in  Beil  or  CA  through  1956 


COOH 


Nitroam inonicotinic  Acids,H2 N-(CS NH2 ) 


/ 

\ 


no2 


mw  183.12,  N 22.95^.  The  following  isomers 
are  described  in  the  literature: 


5- NitTO-2-aminonicoiinic  Acid.  Col  ndls,  de- 
coropg  on  heating  to  ca  318°. 

Refs:  l)Beil  22,542  2)S.Carboni,Gazz  83, 

637(1953)  & CA  49,1039-40(1955) 

5-  Nitro-6‘  am  inonicotinic  Acid  Yel  ndls  melt- 
ing above  300°  with  decompn. 

Refs:  l)Beil  22,542  &[  465]  2)C.Riith  & 

G.Prange, Ann  467,8(1928) 

Nitraminonicotinic  Acids,  02N-HN-(C5 NHS)* 
COOH,  mw  183.12,  N 22.95%.  The  following 
isomers  are  described  in  the  literature: 


2-Nitraminonicottnic  Acid,  yel  crysts  decompg 
violently  ca  180°.  Was  prepd  by  nitrating 
2-am inonicotinic  acid 

Refs:  l)Beil  — not  found  2)S.Carboni,Gazz 

83,637(1953)  & CA  49,1039-40(1955) 


AMINONICOTINIC  ACIDS 
AND  DERIVATIVES 

Aminonicotinic  or  Amino-3-pyridinecarboxylic 
AczWr(Aminonicotinsaure  or  Amino'pyridin - 
carbons'dure  in  Ger),H2N-(CsNHs>COOH. 
Aminonicotinic  acids  are  aminopyridinecar- 
boxylic  acids  in  which  the  carboxyl  group  is 
attached  to  position  3(if  it  is  attached  to 
position  2 the  compd  is  called  aminopicolinic 
acid).  Four  isomers  of  aminonicotinic  acid 
with  the  amino  groups  in  2,4,5  or  6 positions 
are  known.  There  is  also  an  isonicotinic 
acid  in  which  the  carboxyl  group  is  in  posi- 
tion 4 and  the  amino  group  in  position  3 
(See  also  Aminopicolinic  Acid) 


6-Nitraminonicotinic  Acid  [6-Nitramino-pyri- 
din-carbonsaure-(3),  in  Get],  solid,  decompg 
explosively  ca  233°-  Was  prepd  by  nitrating 
6-aminonicotinic  acid  with  HNOs  + H2S04 

Refs:  l)Beil  22, [522]  2)C.Rath  & G.Prange, 

Ann  467,6-7(1928) 

3-Nitramino-iso-nicotinic  or  3-Nitramino-4- 
pyridinecarboxylic  Acid,  OjNHNfCgNHJ-COOH, 
mw  183.12,  N 22.95%-  Crysts,  mp— expl  ca  188°. 
Was  obtained  by  adding  2.5  g HNOs(d  1.40) 
slowly  to  3 g of  3'amino*4 -pyridine carboxylic 
acid  in  30  cc  coned  H3  S04  while  maintaining 
the  temp  below  0°,  pouring  the  mixt  onto 
150  g of  chopped  ice,  making  alkaline  with 
NH4OH  and  bringing  the  mixt  to  a pH  of  1 with 
HCl 


Refs:  l)Beii  — not  found  2)S.Carboni  fit 

G.  Betti, Gazz  84,883(1954)  fit  CA  50,992(1956) 

Note:  No  higher  nitrated  derivs  of  amlnrtnirn. 
tinic  and  am  ioo- iso-nicotinic  acids  were 
found  in  Beil 

Aminonitroform,  Aminotrinitrom  ethane  or 
Tri  n itfoainino  me  than  e(TN  Arne),  H2N*C(NG2  )3, 
mw  166.06,  N 33.74%.  Solid  substance  ob- 
tained before  WW  II  fr  orn  TeNMe(tetranitro- 
methane)  by  Dr  Hans  Walter  in  the  laboratory 
of  Dr  Friedrich  L.  Hahn  at  the  University  of 
Frankford  a/Main 

Dr  W used  the  following  series  of  reactions* 


C(N0j>4 


KC(N03)3 


chlorine 


ClCfNO.  Uoin 


H.N.rmo.  +njh  ri 

-~£  2 ' J 


but  he  failed  to  publish  the  results  of  his 
work(Ref  3) 

It  should  be  noted  that  during  WW  II  large 

* ! _ c t'-vt w_ - l. ) s_  i- 

ijudiuiuc^  vi  i,  civmc  wcric  viyiamtu  in  i~ 

many  and  other  belligerents  as  a by-product 
in  the  manuf  of  TNT.  Inasmuch  as  TeNMe 
is  a very  dangerous  oxidizer  and  very  toxic, 
attempts  were  made  at  the  laboratory  of  the 
Keystone  Ordnance  Works,  Meadville,  Penn- 
sylvania, to  transform  TeNMe  into  a less 
obnoxious  substance.  In  addition  to  trans- 
forming it  to  nitroform  through  the  reaction: 

C(N02  )4  SOi—>.  C(NOj  )sS0jNa  _Ac_  .» 

HC(N04),  + NaHS04J  attempts  were  made  to 
reduce  the  TeNMe  to  TNAMe,  H2N-C(N02)3 

*.L  : #«  m *.f  M <*  fk.  < O ^ yvcn  IS  A f #s 

W1U1  LUt  View  Vi  llUlOVillg  kllXO  UWIlip'U  tv 

OjN«HN--C(NOj)s.  The  work  was  not  com- 
pleted because  the  plant  was  closed  at  the 
termination  of  hostilities 

n /__  * v Jf  J Ti  A *.U. 

Kef  Hr  i jocn  — ltvir  i v Liitu.  uu  uujju 

1956  - not  found  3)Dt  Hans  Walter  fit  Dr 
B.T^Fedoroff.  Picatinny  Arsenal,  Dover,  Nj; 
private  communications 

AminoniiroguDnidine.  See  under  AnUiiOgUan i- 
dine 


Am i nonitro sam moth i ad i azole.  See 

under  Diaminochiadiazole 

Aminonitrotetrozole.  See  under  Aminotecra- 
zole  s 

Aminonitrotoiuenes.  See  under  Aminotoluene 
Aminonitrothiazole.  See  under  Aminothiazole 
Aminonitrotriazole.  See  under  Aminotriazole 
Aminonltroxylenes.  See  under  Aminoxylenes 

AMINOOXAZO  LINES 
AND  DERIVATIVES 

Aminotixazoline,  C,H4N20  may  be  considered 
a parent  compd  of  the  following  derivs: 

2~Nitrajninooxclzoline,  CH.  -O-ONH-NCL , 

I II 

CH2 N 

mw  131.09,  N 32.06%.  Cry  st s(from  95% 
ethanol),  mp  ill— 113.5°.  Can  be  prepdeither 
from  l'/S-ch loroethyl-3*nitrourea,  ethanol 

art  A 9 ^ rw  kir  troofmo  fKp  fi  no  icAmpr 

x-/  w*  ^ j *■'  **fc>  * F 

of  3~j6-aminoethylnitrourea(see  formula  II, 
p 1837  of  Ref  3)  with  NaNO,  and  AcOH(Ref  3). 
Its  expl  props  were  not  examined 

Z-Nitraminooxazoiine  and  Nitric  Acid.  A trace 
of  an  expl  oily  substance  was  obtained  on 

tiv  H LiU^  nQQV  o ling  ttf  ^ rk  1 I4N 

(Ref  3) 

2-NitraminooxdZoiine  and  Diazom ethane.  A 
trace  of  an  expl  oily  subst  was  obtained  on 


Lr€atin^  2_nitr line  v/ 1 th 
(Ref  3) 

Refs:  l)Beii  - not  found  2)R.H.Haii  & 

G.F.WrightJACS  73,2214-16(1951)  & CA  46, 

inftn/iAcix  imj  w;  — l r r W-,' *■ 

iyoy\iy w.ivu^wvuj  «.  v,i  . 

JACS  76, 1839(1954)  & CA  49,6927(1955) 

Azidoaminooxazoiine , CsHsNsO,  and  Diazido- 
amino‘6xazo  line,  CjH*N#Owere  not  found 

n_M A 1 nc ^ 

in  dcu  ui  v,n  uuuugu  Ly j\j 

Aminooxydthan.  Ger  for  Aminohydroxyethane 
(see  Aminoethanol) 


— z-1  C a*  A Ia  rtUttJ  t'/vi/i?  _ 

mmiiuv  a j vm  mh  V4SIMIIVH#  \jv  1 * wa  muuivii)  uivx) 


anthraquinone 


AND  DERIVATIVES 


MJtfntgsi  an  A /nr  W ztTl  A.  7V.  if*  O OXyt  T Z l.€  $ 

were  not  found  in  Beil  or  in  CA  through  1956 


Aminooxy  triazoles,  CaH4N40,  mw  100.08, 

N 55.99%,  are  high  nitrogen  compds  and 
might  prove  to  be  useful  as  ingredients  of 
prplnts.  The  following  isomers  are  described 
in  the  literature: 

4-Amino-3-oxy-1.2.4-triazole  or  4*Amino-3- 
hydroxy- 1,2,4-triazole  [Called  in  Beil  4-Amino- 
1.2.4-triazolon-<5)],  HC=N-NH  or  HC=N-N 


H,  N.N. 


.CO  Ha  *N. 


Cry st s,  mp  181'"'.  Was  prepd  by  heating  car- 
bohydrazide(Beil  3,121)  with  the  ethylester  of 
ortnoformic  acid  in  a sealed  tube  at  100°  (Ref 
2).  It  forms  salts,  such  as  silver  aminooxytri - 
rfxnlc*  A H N J A/ 

' - -3-  '4-  v — 

Note : This  triazole  was  believed  by  Curtius 
to  have  the  structure,  OC-NH-NH  and  he 

i I 

H N — N=CH 

called  it  "Methenylcarbohydrazid’  ’(Ref  2). 
The  correct  structure  was  established  by 
StolIe(Ref  3) 

Refs:  l)B«n  26,142  2)T,Cnrtius  ft  K, 

Heidenreich,Ber  27,2685(1894)  & JPrChem 
52,475(1895)  3)R-StolIe, JPrChem  75,423 
(1907) 

c a _ : *1 ini  I r^~„:  i„j  o_:i 

1,4,4-xiuiuic^aucu  m licii 

5-Oxo*3-imino-  1.2.4'triazolidin,  Urazol- 
monoimid.  5-Amino-1.2.4-triazoIon-(3)  or 
Imidurazoll  (Called  in  JCS  l minourazole), 

Ha  N-C-NH-NH  or  OC-NH-NH.  Wh  ndls, 

ii  \ i i 

N CO  HN C:NH 

mp  285°.  Was  obtained  by  heating  amino- 
guanidinehydrochloride  and  urea  at  150—160° 

Refs;  i)Bei!  26,192  2)G.Pellizzari  S'  C- 
Roncagliolo,Gazz  31,1,487  — 8(1901)  & JCS 
801,773(1901) 

Azidoaminooxy triazole,  CaHaN70  — not  found 

in  Rpil  nr  C A throiurh  1QS6 


Ami  nopentanes.  Same  as  Amylamines 

aminQPHENETOLES 
AND  DERIVATIVES 

Aminopbenetoles,  Aminophenoiethy tethers 
or  Phenetidines  (Ethoxyaminobenzenes, 

I?  tli  1 r 1 n v»  7 n n ■ 1 t no  e>  rtr  12  tU  A Vi,nn  1 1 tnrtr  \ 

Libit)  4AI1AAAUS.  O Vi  LiUlVA)  UllAiJIlVJ  Jy 

Ha  NC6H4*CC2  Hs.  The  three  known  isomers  are 
described  in  Beil  13,359,404.436,(109,129, 
146)  & [166,211,224] 

rj r~t  /Yrtj  a/o  C ^ 0 on  rj  H ♦ it  *>1 

aminopbenetoles,  C#HtN70  - were  not  found 
in  Beil  or  CA  through  1956 

A ‘iononitroaminophenetole s,  HaN-CeH,(N0a  )— 
0Ca H5  r mw  182.18,  N 15.38%*  Several  iso- 
mers are  described  in  Beil  13,388-90,  422, 
520-1(136-7,186)  & [192,284,286] 

Nitraminophenetoles,  0a  NHN-CeH4-0C2  H5 
not  found  in  Beil  nr  fA  through  1QS6 

— — c —*■  * — 

Dinitroaminopbenetoles,  HaN-CsHa  (NOa  )2  ■- 
OCjHg,  mw  227.18,  N 18.50%.  Several  iso- 
mers are  described  in  Beil  13,393,423,525, 
(138,188, 190, 193)  Sc  [292—3] 

Nitronitraminophenetoles,  OaNHN •C6HJ(NOa  )•- 
OCjH,  and  Dinitranitraminophenetole s, 

Oa  NHN-C6Ha  (NOa  )3  -0C2  Hg-  not  found  in 

T3^;i  ...  r 4 .K.m.  j.  to</: 

VI  VU  imuujn 


T.i.u : 

wr-'- 


T .ip  if  h io4  irjinric 


or  Ethoxytrinitroonilines,  H2N-C<H(N02  ),-- 
OCj  H. , mw  272.18,  N 20.59%,  OB  to  CO, 
-76.4%,  OB  to  CO  -29.4%.  The  following  iso- 
mers are  found  in  the  literature: 

2,4,6-Trinitro-3-ominophenetole,  2,4,6-Trinitro- 
m«phenetidine.  2.4.6-Trinitro-3-aminophenol- 
ether  or  3-Ethoxy-2,4,6-trinitroaniline.  Lt  yel 

crysts,  mp  107-8°.  Can  be  prepd  by  boiling 
pure  2,3,4,6-tetranitroaniIine  with  abs  ale 
and  NaO Ac!,  Another  method  consists  of 

.. : t /r  — : „k ! 

irCdllHH  i ,4,U'U  Hliu  V"J1I-U4  un  lUi  b/ui.u  v ***«-'* 

with  EtOH  and  then  with  NHa(Refs  1,2,3)-  Its 
expin  temp  is  236°  when  heated  at  the  rate  of 
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5°/min  and  257°  when  heated  20°/min;  im- 
pact test  values  with  a 10  kg  wt  >24  cm  max 
fail  for  0/6  shots  vs  18— 19  cm  for  tetryl; 
thermal  stability  at  95  no  change  in  30 
8-hour  days(Ref  3) 

Refs:  l)Beil  13,(140)  & [217]  2)B.J. 

Flurscheim,BritP  18,777(1911)  & CA  7,1100 
(1913)  3)C.F.van  Duin  & B.C.R.van  Len- 
nep,Rec  39,150-1,162-5  & 169-77(1920) 
4)A.H.Blatt,0SRD  Rept  2014(19 44) 

2.3.5- Trinitro-4-am  inophenetole  or  2,3,5- 
Trinitro-p-phenetidine (called  4-Ethoxy- 

2.3.6-  trinitroan it ine  by  Lorang).  Red  ndls 
with  greenish  sheen  (from  methanol),  mp 
125-7°;  easily  sol  in  acet,  hot  ale,  AcOH 
and  NB.  Reacts  in  the  same  manner  as  the 
previous  compd.  Was  prepd  in  an  impure 
state  in  1884  by  KShler,  but  he  did  not  es- 
tablish its  structure  (Ref  l,p  532).  Much  later 
it  was  prepd  in  a pure  state  by  heating  2,3,5- 
trinitro-4-p-toluenesulfaminophenetole  with 
coned  Ha  S04  at  70— 80°(Ref  2).  There  is  also 
another  method  of  prepn(Ref  3)-  It  is  un- 
questionably an  expl  of  superior  stability 
against  heat,  but  it  was  not  investigated  from 
this  point  of  view 

Refs:  l)Beill3, 532(195)  & [294]  2)F. 

Reverdin  & L.Furstenberg,BullFr  [4]  13,676 
(1913)  & JPrChem  88,323(1913)  3)H.F. 

Lorang,  Rec  46,642-644(1927) 

Note : No  higher  nitrated  and/or  nitrited  derivs 
were  found  in  Beil  or  CA  through  1956 

AMINOPHENOLS  AND  DERIVATIVES 

Aminophenols  or  Aminohydroxy  benzenes 
(called  in  JCS  119, p 1310,  ” Aminophenoxides’  ‘ 
Amino-oxy-benzol  in  Ger),  Three  isomers  of 
HjN-C6H4-OH,  mw  109-12,  N 12.84%,  are 
known  and  described  in  Beil  13,354,401,427, 
(108,128,143)  & [164,209,220] 

Azidoaminophenols,  CeH6N40  and  Diazido- 
aminophenols  were  not  found  in  Beil  or  CA 
through  1956 


Monon  it  to  aminophenols  or  Aminonitrophenols, 
H2N-C6H,(NOa)-OH,  mw  154.12,  N 18.18%. 
Several  isomers  are  described  in  Beil  13, 
388,390-1,421-2,520-1)  & [121,  136,  185-6] 

Nitram inopbenols,  0aNHN.C6H4. OH  and  Nitro - 
nitraminopbenols , Oa NHN.C6H3(N02  )0I1  not 
found  in  Beil  or  CA  through  1956 

Dinitroaminophenols  or  Aminodinitrophenols, 

HJN.C6H2(NOJ)2 -OH,  mw  199.12,  N 21.10%, 
OB  to  CO,  -84.3%,  OB  to  CO  -4.02%.  As 
these  compd s and  some  of  their  derivs  are 
mild  expls,  a brief  description  of  each  iso- 
mer is  given 

3. 5- Dinitro-2*ami nophenol  or  2- Amino-3, 5- 
dinitrophenoi,  yel  solid,  mp  218°.  It  was 
prepd  from  o-aminophenol  and  p-toluene 
sulfochloride  through  a series  of  reactions 
described  in  Ref  2.  Its  sodium  salt  was 
also  prepd 

Refs:  l)Beil  — not  found  2)L. Horner,  U. 

Schwenk  & E. Junghanns, Ann  579,226(1953) 

& CA  48,2692(1954) 

4.6- Dinitro-2-aminophenol;  2- Amino-4,6- 
dinitrophenol  or  Picramic  Acid(PAA) 

(Dinitrophenamic  Acid  or  l-Hydroxy-2- 
amino-4,6-dinitrobenzene).  Dark-red  ndls 
(from  ale)  or  pcisms(from  chlf),  mp  169— 

170°;  v si  sol  in  cold  w,  10.14  g in  100  g 
at  22°,  more  sol  in  hot  w,  easily  in  ale, 
benz  & AcOH;  diff  sol  in  eth  & chlf.  Was 
first  prepd  in  1853(Ref  2)  by  reducing  PA 
with  HaS  in  ale  NH3.  Other  reducing  agents 
such  as  Zn  inNH3,  ale  (NH4)2S,  or  aqNaaS, 
can  be  used.  Lyons  & Smith(Ref  5)  prepd 
PAA  in  good  yields  by  reducing  PA  with 
iron  turnings  in  a very  dil  soln  of  Fe  or  Na 
chloride  at  80—85°.  Other  methods  of  prepn 
are  listed  in  Ref  1 as  well  as  in  Refs  7 & 7a 

According  to  Daniel(Ref  3),  Turpin  prepd 
PAA  about  70  years  ago  in  France  on  an 
industrial  scale  and  used  it,  as  well  as  its 
Na  salt,  in  expl  compns  such  as  PAA  30  to 
50%  and  KNO,  70  to  50% 
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PAA  is  a mild  explosive  and  its  expl 
props  were  examined  by  Will(Ref  4).  Its  Qv 

C 

is  678.49  kcal/moI(Ref  6)  or  677— 74(Ref  8), 
and  QP  is  676.9(Ref  6)  or  676.15(Ref  8);  QY 

c r 

is  +57.8(Ref  8)  and  +60.5(Ref  6)  or 
+60.5(Ref  6)  or  61.8  kcal/mol(Ref  8) 

PAA  forms  salts,  some  of  which  are  ex- 
plosive(see  below) 

Refs:  l)Beil  13,394,(123)  & [196]  2)A. 

Girard, CR  36,421(1853)  & Ann  88,281(1853) 
3)Daniel(1902),6l5  4)W.Will,Chemische 
Industrie  26,130(1902)  5)R-E. Lyons  & L.T. 

Smith, Ber  60,180(1927)  6)W.H.Rinkenbach, 
JACS  52,1161(1930)  7)I.I.Vorontsov,Zh 
7a)H.H.Hogson  & E.R.Ward,  JCS  1945,  663  & CA 
40,1149(1946)  8)L.Medard  & M. Thomas, MP  31, 
196(1949) 

Ammonium  Picramate,  (NH4jC6H4Ns0s , dk 
orange  plates,  mp  165°  and  dec  at  higher 
temp.  Was  prepd  by  Girard  by  neutralizing 
PAA  with  ammonia 

Refs:  l)BeiI  13,395  2)A. Girard, Ann  88, 

281(1853) 

Barium  Picramate,  Ba(C6H4N3Os  )2 , red  ndls 
with  golden  reflection,  which  can  be  safely 
heated  to  200°  but  which  detonate  at  a higher 
temp.  It  was  prepd  by  Girard  by  mixing  a 
hot  aq  soln  of  Amm  picramate  with  an  aq 
soln  of  Ba  nitrate 

Refs:  l)Beil  13,395  2 )A. Girard,  Ann  38, 

281(1853) 

Chromiumbexammine  Picramate  or  Hexam- 
minochromic  Picramate,  lCr(NH3)6](C6H4Q  N3)3, 
brn,  amor  ppt.  Was  prepd  from  hexammine- 
chromic  hydroxide  and  picramic  acid 

Refs:  l)Beil  — not  found  2)H.  J.S.King, 

JCS  125,1335(1924) 

Copper  Picramate,  Cu(C6H4N305  \ , yel  grn 
amor  ppt;  insol  in  w & ale  and  sol  in  acids 
and  NH3;  detonated  mildly  on  heating.  It 
was  prepd  by  Girard  by  treating  an  aq  soln 
of  Amm  picramate  with  a soln  of  a Cu  salt 


Refs:  l)Beil  13,395  2)A.Girard,  Ann  88, 

281(1853) 

Lead  P i cramate,  [H2N -C«H#  (NOa  )a  0]a  Pb, 
mw  603.44,  N 13.93.%-  Red-brn  ndls,  si  sol 
in  w,  sol  in  NHS  and  acids  and  insol  in  ale. 
Can  be  prepd  by  treating  a soln  of  picramic 
acid  with  a sol  lead  salt.  It  expl  on  heating 
or  on  impact(Ref  2).  Was  proposed  by 
Friederich(Ref  3)  for  use  in  primers,  deto- 
nators and  percussion  caps. 

Refs:  l)Beil  13,395  2)A. Girard, Ann  88, 

281(1853)  3)W.Friederich,BritP  192,830 
(1921)  &CA  17,3255(1923) 

Potassium  Picramate,  KC6H4Ns0g , red  plates, 
decomp  explosively  at  fairly  high  temp.  Was 
prepd  by  treating  hot  soln  of  Amm  picramate 
with  KOH 

Refs:  I)Beil  13,395  2)A. Girard, Ann  88, 

282(1853) 

Silver  Picramate,  AgC6H4N30s  , brick-red 
amor  powder,  mp  165°  and  burns  without 
deton  when  placed  on  red-hot  coal 

Refs:  1 )Beil  13,395  2) A. Girard, Ann  88, 

283(1853) 

Sodium  Picramate,  NaC6H4Ns0s , dk  red 
scales,  si  sol  in  w.  According  to  Dunn(Ref  3), 
Na  picramate  contg  15*5%  Ha  0 was  readily 
ignited  by  spark  or  flame  and  was  only  ig- 
nited and  not  detonated  by  a No  6 elec  deto- 
nator; at  295—300°  it  exploded  with  con- 
siderable violence.  After  72  hrs  at  75°,  it 
gave  no  evidence  of  decompn.  It  was  first 
prepd  by  neutralizing  picramic  acid  with 
NaOH.  Hodgson  & WardfRef  4)  prepd  it  in 
almost  quant  yield  by  reducing  Na  picrate 
with  Na  sulfide 

Na  picramate  was  used  in  1887—8  by 
Turpin  in  some  expl  compns,  such  as:  a)Na 
picramate  20,  Ba  nitrate  60,  nitrobenzene  10 
& nitrophenol  10%  b)Na  picramate  25  to  53 
& K nitrate  75  to  47%(Ref  2) 

Refs:  l)Beil  — not  found  2)Daniel(1902), 

615  3)B.W.  Dunn,  "Rept  of  Chief  Inspector, 
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Bureau  for  Safe  Transportation  of  Explosives 
on  A Qther  Qsngcrcus  Articles  ^ 9 ? Msx  1921 
& CA  15,2356(1921)  4)H.H.Hogson  & E.R. 
Ward, JCS  1945,664  & CA  40,1149(1946) 


Refs : l)Beil  13,424,(137)  & [216]  2)E. 

Lippmann  Si  F.Fleissner,  Mona  tsh  7,95(1886) 
& JCS  50,791(1886)  3)W.Borsche  & E.Feske, 
Ber  61,699(1928) 


Thai liumdi ethyl  Picramate (called  by  Goddard 
Thaliiumdiethyi-4,6~dinitro  -2-aminophenoxide), 
(CjHJjTi.C^NjOj.raw  432.57,  N 9. 71%,  Small 

: i :*i I..-—*.  ~~  isoo 

t«umuic~icu  paito  W1UI  UlCIttUiw  tuotn.,  wp  *y/ 

with  decomp(darkening  ca  140°);  expl  violently 
when  moistened  with  fuming  HNO?.  Moderately 
sol  in  ale,  acet  and  pyridine,  si  sol  in  chlf, 
eth  or  toluene,  insol  in  CCl4  & petr  eth.  Was 
prepd  by  Goddard  by  treating  an  aq  so  In  of 
picramic  acid  with  thal  liumdi  ethyl  bromide, 
TifCjHj  )a  Br 

Refs:  l)Beil  13,  [197]  2)A.E. Goddard,  JCS 

119,13130921) 


Tttnll  nim/limAtkvt  P iVrnttinfo  f'ral  hu 

■ . S'  \ - — w;  

dard  Thalliumdimethyl-4,6-dinitro-2-amino- 

phenoxide),  (CH.)S  Tl-CsH,NsO«*  N 9.72%. 

Small,  deep  red-violet  plates  darkening  at 
220°  and  melting  with  decompn  at  236°. 
Easily  sol  in  ale,  acet  and  pyridine,  moder- 
ately sol  in  eth,  insol  in  chlf,  CC14,  toluene 
& petr  eth.  Was  prepd  by  Goddard  from  pic- 
ramic acid  and  thallium  dimethyl  iodide, 


rrl//'r7  v r r. 1 _i  f__ 1 

ic  prupaoiy  trxpi, 


ethyl  salt,  when  moistened  w'ith  fuming  HNOs 


Refs:  l)Beil  13, [197]  2)A.E. Goddard,  JCS 

119,1313(1921) 

2,6- Din  itro-3-am  inophenol  or  3-Amino-2r6* 
dinifrophenol.  Crystsffrom  chlf),  mp  222-5°; 
diff  sol  in  w or  chlf,  more  readily  sol  in  eth. 
Was  prepd  by  Lipmann  & Fleisser(Ref  2) 
by  treating  2,4-dinitroaniline  with  ale  KCN, 
filtering  the  pptd  K salt,  dissolving  it  in  w 
and  treating  the  so  in  with  HCi  to  ppt  the 
dinitroaminophenol 

Note:  Its  structure  as  2, 6-din  itro-  3-ami  no- 
isomer was  established  by  Borsche  & Feske 
(Ref  3).  Prior  to  this,  some  investigators 
considered  it  as  2' ,4-dinitro-3-aminophenol 
[See  Beii  »3,(i37)j.  The  correct  formula  is 
given  in  Beil  13, [2 16] 


2, 3-Dinifro-4-am  inophenol  or  4- Amino-2, 3- 
diniiro-pnenoi.  Red  cryst  ppt.  It  was  prepd 
in  small  quantity  by  heating  2,3-dinitro-4_ 
acetammophenoi  with  coned  HiS04  for  a few 
mins,  as  described  in  Ref  2.  It  was  not  possi- 
ble to  isolate  the  2,3'DNAPh  in  a state 
suitable  for  analysis  since  it  began  to  de- 
comp with  the  evoln  of  gas  as  soon  as  it  was 
freed  from  acid  by  washing  on  a filter.  The 
mobile  nitro-group  in  proximity  to  the  amino- 

-t — 

g,iuup  x j uiv  uu  LCiunmu^  vauat  u i tuv  litota- 

bility 

Refs:  i)6eii  13,525  & (188)  2)R.Meidoia 

& J.G.HayJCS  91, 1482(1907) 


2,5- Din itro-4-am inophenol  or  4- Amino-2,5* 
dinifrophenol  (Called  by  Girard  3,6-Dinitro- 
4-aminophenol).  Dk-violet  ndls(from  ale,  w 
or  benz);  mp  166—167°  with  sublimation. 
Easily  sol  in  aic,  acet  or  AcGri,  sol  in  w, 
diff  sol  in  benz  and  insol  in  ligroin.  Can  be 

i — -v  * «**.*~~  -x  * — 

phenol  with  coned  Hs  S04(Ref  3)  or  by  heat- 
ing  2,5'dinitro-4-aminophenetol(Ref  2) 


Refs:  l)Beil  13, [292]  2)F.Reverdin  & 

MPA  Ur  K 2 f\  A / T flT  ^ \ 1\ 

-t*  VTA 

A. Girard, BullFr  [4]  35,776(1924)  & JCS  126  I, 
959(1924) 


2,6-D»nitro-4-ami  nophenol,  4-Amino-2,6- 
qiniiro-phenoi  or  isopicramic  Acid  (Isopikra- 
minsaure  in  Ger).  Yel-bm  ndis(from  w),  mp 
170°  with  si  rjprnmpri<  Cl  SO  I lli  «»(0  0S2 
i/100  g at  22°  and  0.812  g at  100°),  very 
sol  in  ale  and  less  sol  in  benz.  It  expl  on 
heating  above  the  mp.  Was  first  prepd  in 
1883  by  C.W.Dabney(Ref  l,p  528).  Reverdin 
et  al(Ref  2)  prepd  it  by  treating  2,6-dinitro- 
4-acetamidophenoi,  CHjCO-NH-C^  (N02  )aOH , 

:*.L  Uf^t  T - £ A !«._ ^1 * 1 

WiUI  It  I ULUia  O ili  L a Ullic  kjl  UiCUJ  C A|UT 

eg  potassium  isopicramate,  (02 N)2  C6H2  (NH2  )0K, 
bluish-black  ndls(from  ale)  v sol  in  w or  ale 
(Ref  I,p  528) 
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Refs:  i)Beil  13,  527,  (190)  & [293]  2) 

F.  Reverdin  et  al  Ber  37,  4452(1905);  38, 
1598(1906)  & 39,  126(1907) 

3,5-Dlnitro-4-oml nophenol  or  4-AmIno-3,5- 
i in  itro-phenol . Red  ndls  with  greenish 
luster;  subl  ca  150°  and  melts  at  230*231°; 
easily  sol  in  ale  and  hot  w,  si  sol  in  benz 
and  nearly  insol  in  ligroin.  Can  be  prepd  by 
heating  3, 5*  dinitro-4-(3"nitro- 4-methyl  ben  zene- 
sulfamino)-phenetole  with  coned  H2  S04 
on  water  bath  (Ref  2)  or  by  other  methods 
(Refs  1 & 3) 

Refs:  l)Beil  13,  529,(193)  & [29  31  2)R. 

Reverdin  & L.Fiirstenberg  Bull  Fr  [4]  13, 
673(1913)  & JPrChem  [2]  88,  321(1913)  3) 

R. Reverdin,  Hetv  12,  117  & 119(1929) 
Dinitronitraminopkenols,  O 2NHN  . C6Hj(N03)2  . 
OH,  mw  244.12,  N 22.95%.  Not  found  in 
Beil  or  CA  through  1956 
Trinitroamlnophenols,  H2N . C6H(N02)30H, 
raw  244.12,  N 22.95%,  OB  to  CO,  -45.9%, 

OB  toCO  -6.55%.  The  following  isomers 
were  found  in  die  literature: 
3,5,6*Trinltro-2-ominophenol  or  2-Amino* 

3.5.6- trlnitrophonol,  crysts,  mp-  expl  ca 
167°.  Was  prepd  by  Heller  et  al  (Ref  2) 

by  heating  2-acetamido- 3,5,6-trinitrophenol 
with  coned  H2S04  on  a water  bath,  pouring 
the  reaction  mixt  into  water  and  recrystal- 
lizing from  benzene 

Its  brominated  product,  yel  ndls,  structure 
not  established,  expld  ca  180° 

Refs:  l)Beil— not  found  2)G. Heller  et  al, 

JPrChem  129,  242-3(1931)  & CA  25,  2129 
(1931) 

2.4.6- Trinitro-3-arnlnophenol  (TNAPh)  or 
3-Amino-2,4,6-trinitrophenol  or  3- Ami  no- 
picric  Acid.  Yel-bm  flat  ndls  (from  ale), 
mp  !78-I80°(was  reported  by  Blanksma  as 
218°  and  in  Ref  5 as  222-3^1  nearly  in  sol 
in  cold  ale  or  w,  si  sol  in  hot  ale  or  benz. 
Several  methods  of  prepn  are  described  in 
the  literature,  C.  F- van  Duin  et  al  (Ref  3) 
prepd  it  by  treating  an  acetonic  soln  of 
tetranitroaniline  with  an  aq  soln  of 
CH3COONa  at  RT.  Several  other  methods 
ate  given  in  Refs  1,  2 & 4 


In  a recent  patent(Ref  5)  is  described  the 
method  of  prepn  of  3*  amino- 2, 4,6* trinitro- 
phenol,  mp  222-3°;  from  3-chloropicric  acid 
and  gaseous  NH^ 

Expl  props  of  TNAPh,  as  detnd  by  van 
Duin  et  al,  are  as  follows:  explosion  temp 
-250°(when  heated  at  the  rate  of  20°/min) 
and  231°(when  heated  at  the  rate  of  5°/min) 
(corresponding  temps  for  TNT  are  321°  & 

304°  and  for  tetryl  196°  & 197°);  impact 
sensitivity  with  Lenze-Kast  app  and  10kg 
wt— maxim  fall  for  0/6  shots  22— 24cm  (TNT 
>24  and  tetryll4cm),  and  minim  fall  for  6/6 
shots  > 24  cm  (TNT  & tetryl  > 24  cm); 
thermal  stability  at  95°—no  change  in  30 
8-hour  days  (Ref  3,  pp  169-177  & Ref  5). 

These  results  show  that  as  an  explosive 

2.4.6- trinitro-3-aminophenol  lies  between 
TNT  and  tetryl  in  sensitivity  to  impact  and 
thermal  stability 

Refs:  l)BeiI  13,425,(140)  & [217]  2) 

J. J.Blanksma,  Rec  21,  259-61(1902)  and  Ber 
47,  687(1914)  3)C.F.  van  Duin  et  al,  Rec 

37,  116(1918);  90-10919)  & 39, 149-50,  165 
& 169-77(1920)  4)W.Borsche  & E.Feske, 

Ber  61,694-50928)  5)A,H.  Blatt,QSRD 

Rept  2014(1944)  6)H.Feurer&  A.A.Harban, 
USP  2,679,538(1954)  & CA  49,4715(1955) 

2.3.6- Trinitro-4-aminophenoi  or  4-Amino* 

2.3.6- tnnitropbenol.  Red  ndls(from  AcOH), 
mp- decomp  ca  1450  and  then  expl.  Can  be 
prepd  by  heating  2,4,6'tfinitroacetamidophenol, 
CH3C0-NH>C6H(N02)40H,  for  a short  time  in 

a water  bath  with  coned  HjSQ4(Ref  2).  Its 
constitution,  previously  reported  as  the 
2,3,5-trinitro  isomer,  was  established  by  Mel- 
dola  & Reverdin  as  the  2,3,6-isomer(Ref  3) 

In  earlier  work,  Meldola  and  Hay(Ref  2, 

PP  1382—4)  described  the  diazoti zation  of  the 
sane  TNAPh.  One  of  the  products  obtained  by 
them  was  the  highly  expl  trinitroquinonediazide 

Refs:  l)Beil  13,533  & [197]  2)R.Meidoia  & 

J.G.Hay,JCS  95,1381-4(1909)  3)R.Meldola  & 
F.  R everdin,  jCS  103,1485(1913) 

Trinitronitraminophenol,  C3 NHN-CsH(N02)soH, 
not  found  in  Beil  or  CA  through  1956 
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Note:  No  higher  nitrated  derivs  were  found 
in  Beii  or  CA  through  1956 

Aminophenols  and  Derivatives,  Analytical 
Procedures  are  discussed  in  OrgAnalysis, 
Interscience,  NY,  3(1956),  184 

Aminophenolethylether.  Same  as  Amino- 
phentole 

Aminophenolmethylether.  Same  as  Amino- 
anisoie 

Aminophenyiacetic  Acid.  See  Aniiinoacetic 
Acid 


The  deriv  }-nitro- 4- amino- phenylar sonic  acid 

• 1 _ ' I _ J r_  t-,  ! 1 1 / 1 / i nn  \ a TeAnl  J 

is  oescnoeu  in  dcii  ijuoj  -mu 

2~nitro-4-aminophenylaT sonic  acid  in  Beil  16, 
(484)  & [510] 

NiZroaziefoamTOOp&eny/arsomc  AciW,  C6H5N,0j^s 

nnf  frtiTn  J art  Hot  I rtr  /‘'A  fltrAll  oh  1 0<!< 

^ UVt  A V W1  *11  LJWAI  w*  \-i» 


N»/romrraminopf>ercy/<ar.somc  Acid,  C6H4Ns07As 
— not  found  in  Beii  or  CA  through  1956 


Dinitroami nophenyl ar sonic  Acid,  C4H6Ns07As, 
mw  307.05,  N 13.69%-  The  following  isomer  is 
described  in  the  literature 


AMINOPHENYLARSONIC  ACID 
AND  DERIVATIVES 

Aminophenylar sonic  Acid  or  A m ino benzene- 
arsonic  Acid,  H2N*C6H4-0-As(0H)3 . Its  o-, 
m-  and  p-isomers  are  known;  the  para  is  of 
interest  because  its  dinitro  deriv  is  explo- 
SiT€ 

p- Aminophenylarsonlc  Acid  or  p-Aminoben- 
lenearsonic  Acid,  also  called  Arsanilic 
Acid;  Atoxylic  Acid;  Arsenic  Acid  Anilide 
or  m-Arsenious  Acid  Anilide;  col  ndls(frora 
w or  aic);  ioses  at  130°  a moi  of  w to  form 
the  anhydride  H2N-CsH4-As02 ; begins  to 
brown  at  280°  but  can  be  heated  over  350° 
without  melting  or  completely  decompg; 
sparingly  sol  in  cold  w,  AcOH  or  ale;  easily 
sol  in  boiling  w or  ale  and  in  MeOH  ; almost 
insol  in  eth,~acet,-benz  & chlf.  Was  first 
prepd  in  1863  by  Bechamp  by  heating  ani- 
lino-arsenic  acid(see  Beil  16,878)*  Cheetham 
Bt  ccWmidt(Ref  3)  prepd  it  by  heating  arsenic 
acid  in  a large  excess  of  aniline.  Detailed 
description  of  lab  method  of  prepn  of  p- 
aminophenylarsonic  acid  is  given  in  Ref  3 

Refs:  l)Beil  16,878(466)  & [491]  2)H.C. 

Cheetham  & J. H. Schmidt,  J ACS  42,828(1920) 
3)OrgSynthCollVol  1(1 941), 70 


3.5- Dinitro-4-atnino-pheny  I arsonic  Acid  or 

2.6- ‘Dinitro-l-aminO'4-benzene-ar$onic  Acid, 

AsO(OH)2  Brn-yel  ndls  or 

| lflts(from  50%AcOH) 

HC-C  (Ref  2);  golden  yei 

|1  | pdr,  mp  285-95° 

n Nr’_r7KJH  W.Wfl  /P/»f  A'i(f  cnl  in 

va  '-v*’**j  /~—  - • “2  v •'/■> — 

ale,  w and  dil  inorg  acids;  sol  in  alkalies  & 
aq  AcONa.  Was  first  prepd  by  Benda(Ref  2)  by 
nitrating  p-aminophenylars.onic  acid.  DeLange 
(Ref  3)  prepd  it  by  treating  4-methoxy~3,5* 
dinitrophenyiarsonic  acid  with  aic  ammonia, 
followed  by  acidification  with  HC1 

TKIc  rrtmr^  i o r*-nht»hlv  ve  t OOt  re- 

-wr  j-'-.  ~ / r ~ * ✓ 

ported  as  such.  Its  methyl  deriv  is  expl  al- 
though its  NOa-nitrogen  content  is  smaller 
(See  3,5-Dinitro-4-methylaminophenylarsonic 
Acid  under  Methylaminophenyl-arsonic  Acid) 

Refs:  l)Beil  16,(484)  & [510]  2)L. Benda, 

Ber  45,54(1912)  3)M-P.deLange,Rec  45,51 

-3(1926) 

Dinitronitr coni  nop h enylarsonic  Acid,  C6HS  N40#As 
— not  found  in  Beil  or  CA  through  1956 

AM  INOP  HEN  YL  ETHANOL 
AND  DERIVATIVES 
(See  also  Am  I ino  ethanol) 


Azidoaminopb enylarsonic  Acid,  C6H7N4OsAs, 
and  Diazidoaminophenylarsonic  Acid, 
C6H6N7OsAs,  not  found  in  Beil  or  CA  through 
1956 

Nitroaminopbenylarsonic  Acid,  C6H7N2Og  As. 


fi-Aminophenylethanol\  2-Aminopbenyl-ethyl 
alcohol ; fi-Eth  anolaniline  or  ft- Hydroxy  ethyl- 
aniline,  H2 N-C6H4-CH2 -CH2  OH.  Two  isomers: 
/3-(2-amino-phenyl  )-ethanol  and  ^3-(4-amino- 
phenyi)-ethanoi  are  described  in  Beii  13,242 
& [362]  (See  also  under  Anilinoethanols, 
r.H.-NH-rH. -rH.-OH'i 

— 5 -5  — * — 4 f 
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Azidoaminopbenyletbanol,  C8H,0N40  and 
Diazidoaminopkenyletbanol,  C8H9N70  — were 
not  found  in  Beil  or  CA  through  1956 

NitToaminophenyletbanol,  C#Hl0NaOj;  Nitrami- 
nopbenyletbanol,  C8Hl0N2Oj  and  Nitronitrami’ 
nopkenyletbanol,  C8H9NsOs  — were  not  found 
in  Beil  or  CA  through  1956 

Dinitroaminophenylethanol,  C8H9NjOs , mw 
227.18,  N 18.50%.  The  following  isomer  is 
known: 

2-(2‘  ,6*  -Dinitro-41  -aminophenyl)-ethanol, 

H2N.C6H2(N02)a.CH2.CH20H.  Yel  ndls,  mp 
161-5°.  Was  prepd  by  reduction  of  2-(2'  ,4'  ,6'- 
trinitrophenyl)-ethanol  with  hydrogen  sul- 
fide. Its  expl  props  were  not  investigated 

Refs:  l)Beil  — not  found  2)G.D.Parkes  & 

A.C. Farthing JCS  1948,1277-8  & CA  43, 
592(1949) 

Dinitronitraminopbenyletbanol,  C8H8N407  and 
TrinitTonitraminophenylethanol,  C8H7N5  09 
were  not  found  in  Beil  or  CA  through  1956 

Trinitroaminopbenyletbanols,  H2N«CeH(N02  )s 
CHa  *CH2  *OH  — not  found  in  Beil  or  CA 
through  1956.  [Cf  with  /3-(2,4,6-Trinitroani- 
lino)ethanol  described  under  Anilinoeth anol] 

Note:  No  other  nitrated  derivs  of  aminophenyl- 
ethanols  were  found  in  Beil  or  CA  through  1956 
[Cf  with  jS-(2,4,6-Trinitronitranilino)-ethanol 
Nitrate  described  under  Anilinoethanol] 

AM1NGPHENYLP  ERIMIDINES 
AND  DERIVATIVES 

AminophenylpertTnidines,Cl7Ul3N3.  Three 
isomers  are  described  in  Beil  25, 369 

o-Amidophenylperimidine  Azoimide  or  1,2,3- 
Benzotrioztno[3,4-a]perimidine,  C,7Hl0N4, 
mw  270.28,  N 20.73%.  Dk  red  solid,  mp— 
expl  suddenly  at  140°;  sol  in  ale  eth,  acet, 
MeOH,  chlf,  AcOH,benz,  ethyl  acetate  and 
in  hot  dil  sulfuric  acid;  insol  in  w.  Was 
prepd  by  Sachs  & Steiner  from  o-amino- 
phenylperimidine  and  Na  nitrite  in  AcOH 
with  cooling 


Refs:  l)Beil  26,382  2)F. Sachs  & M. 

Steiner, Ber  42,3674(1909)  3)J.H. Erickson, 
et  al,  ’'The  1,2,3-  and  1,2,4-Triazines,  Tetra* 
zines  and  Pentazines’ ' , Interscience,  NY 
(1956), 41 

AMINOPHENYLPHOSPHONIC  ACIDS 
AND  DERIVATIVES 

Aminophenylpbosphonic  Acids  or  Aminoben - 
zenephosphonic  Acids,  C6H8NOjP.  The  meta- 
isomer is  described  in  Beil  16,383  & [410] 
and  the  para-isomer  in  Beil  16, [401] 
Aminophenylpbosphonic  Acid,  Azido~t 
C6H7N4OsP  and  Diazido— , C6H6N70jP 
Derivatives  were  not  found  in  Beil  or 
CA  through  1956 

Nitroaminopbenylphosphcmic  Acids, 

C6H7N205  P.  Two  isomers  are  described  in 
Beil  16, [401],  neither  of  them  expl 

Compound  C4H6NS04P  + 3H20,  called  by 
Michaelis  "Salpetersaure-Diazophosphenyl- 
saure*’,  prisms,  losing  2H2  0 at  130°,  melt- 
ing with  decompn  at  188°  and  explg  violently 
at  si  higher  temp;  very  stable;  si  sol  in  eth 
and  easily  sol  in  w & in  ale.  Was  prepd  by 
treating  bailing  nitric  acid  soln  of  m-amino- 
phenylphosphonic  acid  with  nitrous  acid. 
Numerous  salts  are  known 

Refs:  l)Beil  16,823  2)A. Michaelis  & E. 

Benziger,  Ann  188,288-92(1877) 

Note : No  higher  nitrated  and/or  nitrited 
derivs  were  found 

AMINOPHENYLTETR AZOLES 
AND  DERIVATIVES 

Aminophenyltetrazoles,  C7H,NS , mw  l6l.  17, 

N 43.46%,  OB  to  C02  -173.7%,  OB  to  CO 
“104.2%,  are  compds  w-ith  one  amino-  and 
one  phenyl-group  attached  directly  to  the 
tetrazole  ring  or  compds  with  the  amino-group 
attached  to  a phenyl-group  which,  in  turn,  is 
attached  to  die  tetrazole  ring 

Both  types  of  tetrazoles  are  high-nitrogen 
compds  and  may  be  of  interest  as  ingredients 
of  prplnts  and  expls 
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The  following  aminophenyltetrazoles  and 
their  derivatives  were  found  in  the  literature: 

l-Amino-5-phenyl-a-tetrazole;  1- Amino- 5* 
phenyl- IH-tetrazole  or  5-Phenyl- l-amino- 
tetrazole,  CJ!, -C-N(NH2  )-N.  Crysts,  mp 

il  II 

N N 

155°,  expl  on  rapid  heating;  very  si  sol  in 
cold  w,  easily  sol  in  ale  and  hot  w,  nearly 
insol  in  eth,  insol  in  acids  and  alkalies. 

Was  prepd  by  heating  l-benzalamino-5'phenyl- 
tetrazole  with  HClfRef  2).  Another  method  of 

prepn  is  given  in  Ref  3*  Some  props  are 
given  in  Refs  4 & 5 

Refs:  l)Beil  26,(113)  & [216]  2)R.Stolle 

& F.Helwerth,Ber  47,1 140(1914)  3)R.Stolle 
et  aI,Ber  55,1294-5  & 1302(1922)  4)F.R. 
Benson. ChemRevs  41.16(1947)  5)Ph.Rochlin, 
D.B. Murphy  & S.HelfJACS  76,1453(1954) 
5-Amino-l-phenyl-a-tetrazole,  5- Ami  no- 1- 
phenyl-lH-tetrazole  or  l-Phenyl-5-amino- 
tetrazole [Called  in  Beil  1 -Phenyl- tetrazolon- 
(5>imin],H2N-C-N(C6H8)“N.  Scales(from 

II  II 

N N 

chlf),  mp  158—160°;  sol  in  ale  & hot  w,  in- 
sol in  eth  & ligroin.  Can  be  prepd  by  passing 
C02  through  a heated  mixt  of  monophenyl- 
thiourea,  lead  oxide  and  NaNs  in  alc(Refs  3 
& 5).  Other  methods  of  prepn  are  given  in 
Refs  2 & 4 

Its  hydrochloride  decomp  on  heating  with 
evoln  of  gas 

The  compd  prepd  by  Garbrecht  & Herbst 
(Ref  6)  melted  at  163—163.5°,  solidified  at 
165°  and  then  remelted  with  decompn  at 
205—6°.  When  a suspension  in  xylene  of  the 
compd  melting  at  163—163.5°  was  refluxed 
for  2 hrs,  the  resulting  col  ndls,  melting  at 
205—6°,  proved  to  be  5‘(  phenyl  amino  )- 
tetr azole,  C6H5 -NH-C-NH-N  (Ref  7) 

II  II 

N N 

Refs:  l)Beil  26,(124)  & [245]  2)E.01iveri- 

Mandala  et  al.Gazz  43  1,313(1913)  3)R. 

Stolle  et  al, Ber  55,1294(1922)  4)R. Stolle 


et  alJPrChem  124,268  & 293-4(1930) 

5)Ibid  134,282-3  & 288-9(1932)  6)W.L. 
Garbrecht  & R. M. Herbst, JOC  18,1019—20 
(1953)  & CA  48,8224-5(1954)  6a)Ibid  18, 
1278(1953)  & CA  48,12092-93(1954)  7)D.B. 
Murphy  & J.P. Picard  JOC  19,1808,1810-11 
(1954)  & CA  49,15879(1955) 

1-(p-Aminophenyl)-a-tetrazole  or  l-(p- Amino- 
phenyl)-  1 H-tetrazole,HC“N(C6H4«NHj  )-N . 

II  II 

N N 

Ndls(from  w),  mp  155°.  Can  be  prepd  by  the 
reduction  of  l-[4' -nitrophenylene]~a-tetra- 
zole  with  tin  chloride  and  fuming  HC1.  Heat- 
ing the  product  with  K permanganate  in  dil 
H2S04  gave  the  tetrazole 

Refs:  l)Beil  26,347  2 )M.  Freund  & T. 

Paradies.Ber  34,3121(1901) 

5*Amino-(2*phenyl)-/3-tetrazole  or  2-Amino- 
(2-phenyl)-2H-tetrazole [Called  in  Beil  2- 
PhenyI-tetrazolon-(5)-imid]1H2N’C=N— N*C6Hs  . 

I i 

N=N 

Yellowish  crysts(from  w),  mp  142°,  decomp 
on  further  heating.  Diff  sol  in  cold  & hot  w, 
sol  in  eth,  ale,  AcOH  and  coned  HCl.  Can  be 
prepd  by  heating  2-phenyl-5-carbethoxyamino- 
tetrazole  with  coned  HCl(at  200°)  or  coned 
H2S04(at  105—110°).  Its  double  salt  with 
silver  nitrate  decomp  ca  200°  and  expl  mildly 
when  heated  in  an  open  flame 

Refs:  l)Beil  26,[246J  2)R. Stolle  & O.Orch, 

Ber  58B,2103-4(1925) 

N'-Amino-Nl-phenyl'N3-(tetrazolyl-5)-triazene  or 

Diazotetrazolephenylhdrazine,  called  in  Beil 
3-Phenyl-l-[tetrazolyl-(5)]-tetrazen-(l)  or 
[Tetrazol-5-di  azoj-fa-phenylhydrazid], 

h2nv 

yN“N:N— C-NH-N,  mw  204.20,  N 54.88%, 

/ II  II 

HsC6  N N 

OB  to  C02  -141.0%.  Orange-yel  crysts(from 
methanol +ethanol);  decompg  ca  139°;  neari 
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insol  in  w.  Can  be  prepd  by  the  interaction 
of  phenyihydrazide  with  5-diazotetrazole 
(Refs  1 & 2).  It  was  proposed  by  Rathsburg 
for  use  in  compositions  for  caps,  detonators 
etc.  Instead  of  mixing  the  ingredients  by 
mechanical  means  R proposed  the  prepn  of 
"mixed  crystals'  ’ by  the  method  described 
in  his  patent(Ref  3) 

Some  of  its  salts  are  explosive  and  may  be 
used  in  priming  and  initiating  compositions 

Refs:  l)Beil  26,(191)  2)K. A. Hofmann  & 

H.Hock,Ber  44,2592-3(1911)  3)H.Rathsburg, 
BritP  201,009(1923)  & CA  18,472(1924) 

5-Nitrosamino-l-phenyl-a-tetrazole  or  5- 
Nitro samino-  1-phenyl- 1 H-tetraxole  [Called 
in  Beil  1-Phenyi-tetrazol-diazonium-hydroxyd- 
(5)],  (ON)HN.C-N(C6H5)-N,  mw  190.17,  N 

II  II 

N N 

44.20%,  OB  to  COj  -134.6%.  Spongy  mass, 
exploding  mildly  ca  108°.  Easily  sol  in  acet 
and  alc(dec);  insol  in  w,  diss  in  aq  Na2COa 
from  which  it  may  be  recovered  by  acidifying 
with  AcOH(but  not  with  mineral  acids).  May 
be  prepd  by  treating  5*annno-l-phenyI-a- 
tetrazole  with  an  aq  soln  of  NaNOa  +HC1 

It  forms  salts,  some  of  which  are  expl,  eg, 
the  silver  salt,  AgC7H5N60,  mw  297.06.  N 
28.3%,  wh  voluminous  ppt  obtained  by  treat- 
ing the  nitroso  compd  with  ale  AgNOa,  de- 
comp ca  224°  and  expl  mildly  when  heated 
rapidly  in  a sealed  glass  tube  above  the  mp 

Refs:  l)Beil  26, [350]  2)R.Stolle  et  al, 

Ber  55,1295(1922)  3)R*Stoile  et  al,JPrChem 
134,291(1932) 

l-Amlno-5-(p-nitrophenyl)-a-tetrazole  or  1- 
Amtno-5*(4'  -nitropbenyl)-l  H-tetraxole, 

(02N-H4C6>C-N(NH2)-N,  mw  206.17,  N 

II  II 

N N 

40.77%,  OB  to  C02  -116.4%.  Long  col  ndls, 
mp  154°;  moderately  sol  in  hot  w & eth, 
easily  sol  in  ale.  ft  as  prepd  from  p.nitrobenzal- 
amino-l-p-nitrophenyl-5-tetrazole  and  coned 


sulfuric  acid  as  described  in  Ref  2.  Its  expl 
props  were  not  investigated 

Refs:  l)Beil  — not  found  2)R.Stolle  et  al, 

JPrChem  138,2  & 13-14(1933)  & CA  27, 
4798(1933) 

Note:  R.Srolle  et  al  [JPrChem  137,336(1933) 

& CA  27,4233(1933)1  obtained  among  the 
products  of  reaction  between  di-p-nitrobenzo- 
hydrazide  chloride  in  ale  and  Na  azide,  a 
small  quantity  of  a substance  which  defla- 
grated violently  ca  149°  • It  was  suggested 
that  this  compd  was  the  p-nitrobenzenyl 
azide  of  1-amino,  l-p-nitrophenylletrazole 
(See  also  under  Di-p-nitrobenzohydrazide 
Azide) 

5-Amino-1(p-nitrophenyl)-a-tetrazole,  5*  Amino- 
l-(4-nitrophenyl)- lH-tetrazole  or  1-(p-Nitro- 
phenyl)-5-aminotetrazole,  H2N*C-N(C6H4*N02  )-N. 

II  II 

N N 

Pale  yel  plates,  which  on  heating  in  a capillary 
tube,  began  to  darken  at  ca  170°,  shrank  sud- 
denly at  ca  176°  and  me  Ited  with  frothing  at 
221—3°.  Can  be  prepd  either  by  nitration  of  5- 
amino-l-phenyltetrazole(Ref  2)  or  by  treating 
p-nitrophenylcyanamide  with  hydrazoic  acid 
(Ref  2 & 3) 

Refluxing  a xylenic  suspension  of  5-ajnino- 
l-(p-nitrophenyl)~tetf azole  for  2 hours  yielded 
pale  yel  ndls  melting  with  decompn  at  221— 3°* 
The  product  proved  to  be  5-(p-nitrophenylamino) 
tetrazole,  02N.CeH4-NH.C-NH-N  (Ref  3) 

II  II 

N N 

Refs:  l)Beil  — not  found  2)W.L.Garbrecht  & 

R.M.HerbstJOC  18, 1020(1953)  & CA  48,8225 
(1954)  3)Ibid,JOC  18, 1280(1953)  & CA  48, 
12092-93(1954)  4)D.B. Murphy  & J.P. Picard, 
JOC  19,1808  & 1810(1954)  & CA  49, 15879(1955) 

5- Am ino- l-(m-n I troph eny I )-a*tetrazole,  5- Am ino- 
l-(3r  ■nitrophenyl)* iH-tetrnzole  or  I-(m-Nitrg- 
phen  yl)-5-armrlotetrazole,  H2N*C-N(C6H4.N02  )-N. 

II  II 

N N 
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Fine  yel  ndls,  which  shrank  at  ca  170°  and 
melted  with  decompn  at  226.5—228°.  Was 
obtained  by  treating  m-nitrophenylcyanamide 
with  hydrazoic  acid(Ref  2) 

Refluxing  a xylenic  suspension  of  the 
crystals  for  2 hrs  effected  a thermal  rear- 
rangement. The  resulting  fine  pale-yel  ndls 
melted  with  decompn  at  226°  and  proved  to 
be  m-nitroph  enylamino )tetrazole, 

Oa N ♦ C6H4*NH • C-NH-N  (Ref  2) 

N N 

Refs:  l)Beil  — not  found  2)W.L.Garbrecht 

& R.M.HerbstJOC  18,1280(1953)  & CA  48, 
12093(1954)  3)D.B.Murphy  & J.P. Picard, 
JOC  19,1808  & 1810(1954)  & CA  49,15879 
(1955) 

Aminophenyltriazoles,  C8H4N4,  mw  160.18, 

N 34.98%,  are  described  in  Beil  26,  135, 

140  & [76]  and  in  papers  appearing  after  1929. 
No  expl  derivs  were  found  listed  in  the  litera- 
ture (See  also  Anilinotri azoles) 

AMINOPICOLINES  AND  DERIVATIVES 

Aminopicolines  or  Aminometbylpyridines, 
C6H8Na  are  described  in  Beil  22,(633)  & 
[342-3] 

Azido aminopicolines,  CSH7N5  and  Diazido- 
aminopicolines,  C6H5N8  — not  found  in  Beil 
and  CA  through  1956 

Nitroaminopicolines  or  Aminonitropicolines, 
H3C(CS  N)Ha  (NHa  )NOa , mw  153.14,  N 27.44%. 
Several  isomers  are  described  in  Beil  22, 
(633)  & [342—31  aod  in  the  following  refs: 
a)E.D. Parker  & W.ShivejACS  69,63-7(1947) 
& CA  41,2044-5(1947)  b)G.R.Lappin  & 
F.B.SIezak,  JACS  72,2806-7(1950)  & CA 
44,9966-7(1950)  c)S.J. Childress  & R.L. 
McKeeJACS  73,35  04(1951)  & CA  46,5583 
(1952)  d)H.E. Baumgarten  & H.Chien-Fan 
SuJACS  74,3228-31(1952)  & CA  47,5958 
(1953) 

Nitr aminopicolines,  H,C(CS N)H3(NH-NOa ), 
mw  153.14,  N 27.44%.  The  following  isomers 
are  described  in  the  literature: 
a- N itr  amino- fi-pi  coline  or  l-Nitro-l-methyl- 
pyridine.  Lt  yel  ndls,  mp  159°  with  decompn. 
Was  prepd  by  nitrating  2-am ino-3“m ethyl- 
pyridine  with  HNO}(d  1.4)  in  coned  HaS04 
in  the  cold 


Refs:  l)Beil  22, [521]  2)O.Seide,Ber  57, 

1804-5(1924) 

a-Nitramino-y-picoline  ot  2-Nitramino-4 - 
methyl-pyridine.  Lt  yel  prisms,  mp  182° 
with  decompn.  Was  prepd  by  nitrating  2- 
amino-4-methyl-pyridine  with  HN03(d  1.4) 
in  coned  HaS04  in  the  cold 

Refs:  l)Beil  22,[52l]  2)O.Seide,Ber  57, 

794(1924) 

a-Nitramino-d-picoline  or  2-  Nitr  ami  no- 5- 
methyl-pyridine . Lt  yel  ndls,  mp  183—183.5° 
(decomp).  Was  prepd  by  nitrating  2-amino- 
5-methylpyridine  with  HNOs  and  HaS04 
(Refs  2 & 3) 

Refs:  l)Beil  — not  found  2 )S.j. Childress' 

& R.L. McKee,  JACS  73, 3504(1951)  & CA  46, 
5583(1952)  3)L.A.R.Hall  & C.A.van  der 
Werf,J ACS  73,4466(1951)  & CA  47,136(1952) 

Note:  No  higher  nitrated  aminopicolines  were 
found  in  Beil  or  CA  through  1956 

AMINOPICOLINIC  ACIDS 
AND  DERIVATIVES 

Aminopicolinic  Acid  or  Aminopyridinecarboxy- 
lic  Aciid(Amino-pyridin-carbonsaure,  in  Ger), 
HaN(CsNHj)COOH.  Aminopicolinic  acids 
are  aminopyridine  carboxylic  acids  in  which 
the  carboxyl  group  is  attached  in  position  2 
(next  to  the  nuclear  N).  Two  isomers,  3* 
amino-  and  4-amino-  are  described  in  Beil 
22,541  & [463]-  If  the  carboxyl  is  attached 
to  position  3 of  aminopyridinic  acid,  the 
compd  is  called  aminonicotinic  acid{ qv) 

Azido  aminopicolinic  Acid,  C6H5  Ns  Oa  and 
Diazidoaminopicolinic  Acids,  C8H4N8Oa  — 
not  found  in  Beil  or  CA  through  1956 

Nitroaminopicolinic  Acid,  C6H5N804  — not 
found  in  Beil  or  CA  through  1956 

3-Nitraminopicofinic  Acid, 02  N-HN(CjNHs)- 
COOH,  mw  183.12,  N 22.95%.  Crysts,  mp 
178-80°  with  decompn.  Was  prepd  by  cau- 
tiously adding  nitric  acid(d  1.4)  to  3-amino- 
picolinic  acid  in  coned  sulfuric  acid  at  a 
temp  not  above  5°,  allowing  to  stand  for 
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20  mins  and  pouring  the  mixr  onto  ice.  After 
neutralizing  most  of  the  acidity,  the  ppt  was 
washed  with  w and  dried 

An  aq  NaOH  soin  of  3-nitraminopicoIinic 
acid,  acidified  with  AcOH  precipitated  the 
sodium  salt,  C^H^jO^Na,  which  decomp  ex- 
plosively at  218° 

Refs:  l)Beil  — not  found  2)S.Carboni  & 

G.Berti,Gazz  84,683(1954)  & CA  50,991(1956) 

NitTonitraminopicolinic  Acid , C6H4N406  and 
Dinitroaminopicolinic  Acid,  C6H4N406  — not 
found  in  Beil  or  CA  through  1956 

Aminopicric  Acid.  See  3-Amino-2,4,6-trini- 
tro-phenol  under  Aminophenols 

AMINOPROPANES  AND  DERIVATIVES 

Aminopropanes  or  Propylarnines,  C3H7-NH2, 
mw  59. 11,  N 23.70%  are  described  in  Beil 
4,136,152,(360,368)  & [619,629] 

Aminopropane  Salts.  Some  salts  of  amino* 
propane  containing  phosophoric  groups  are 
explosive,  eg,  the  perchlorate  of  1-amino- 
propane,  CHj-CH2  -CHj  -NH2  +HC104,  solid, 
expl  on  heating  to  290°  in  a reaction  tube 

Refs:  l)Beil  4,360  2)R.L.Datta  & N.R. 

ChatterjeeJCS  115,1008(1919) 

Azidoami  noprop  one  s or  Azidopropylnmine  s, 

CjH#N4,  mw  100.13,  N 55.96%.  The  follow- 
ing isomers  are  described  in  the  literature: 

2- Azido-l-aminopropane  or  /3-Azidopropyl- 
amine,  CH3-CH(N,).CH2 -NH2 . Col  liq,  bp 
44-6°  at  16  mm.  Was  prepd  by  heating  /3- 
bromopropylaminohydrobromide  with  Na 
azide  in  w 

Refs:  l)Bcil  4,(368)  2)M.O. Forster  & 

J.C.  Withers,  JCS  101,493(1912) 

3- Azido-  1-aminopropane  or  y- Azidopropyl- 

omine,  N3«CH2  -CH2  -CH2  *NH2  . Col  li  q,  bp 
56-7°  at  16  mm,  d 1.0043  at  25/4°,  1.4615 

at  25°;  miscible  with  w,  ale  or  eth;  volatile  with 
steam.  Was  prepd  by  prolonged  heating  of 


y-bromopropylamino-hydrobromide  with  Na 
azide  in  w.  Its  picrate  melts  at  96° 

Refs:  l)Beil  4,(368)  2 )M.O. Forster  & 

J.C. Withers,  JCS  101,491(1912) 

Diazidoamtnopropanes,  C3H7N7  — not  found  in 
Beil  or  CA  through  1956 

Mononitro aminopropanes,  and  Hitraminopro - 
panes,  C3H,N202,  mw  104.11,  N 26.91.  The 
following  isomers  were  found  in  the  literature: 

1- Nitraminopropane;  Propylnitramine  or  N- 
Nitropropylamine,  H3C*CH2  -CH2  -NHN02  . Col 
liq,  frp  -21°  to  — 23° » bp  128-9°  at  40  mm, 

d 1.1046  at  15° > si  sol  in  w,  mi  sc  with  ale  & 
eth.  Prepn  is  described  in  Refs  1 & 2.  Forms 
solid  salts,  some  of  which  are  explosive,  eg,' 
the  potassium  salt,  KC3H7N2  02 , scales  ex- 
pldg  mildly  on  heating  and  the  silver  salt, 
AgC3H7N2  02  , ndls,  detonating  strongly  on 
heating 

Refs:  I)BeiI  4,570  & (569)  2)  Simon 

Thomas, Rec  9,75-7(1890) 

2- (or  /3-)Nitrami nopropane;  Isopropylnitramine 
or  N-Nitroisopropylomine,  (CH3)2 CH*NH*N02 , 
liq,  frp  -4°,  bp  90—1°  at  10  mm,  d 1.098  at 
15°.  Forms  salts,  some  of  which  are  expl, 
eg,  the  potassium  salt,  KC3H7N2  02  , ndls, 

expl  on  heating  and  the  silver  salt,  AgCjH7N202, 
plates,  detong  on  heating 

Refs:  l)3eil  4,571  2)Simon  Thomas, Rec  9, 

77-9(1890) 

Dmotroaminopropanes  and  Nitron  itraminopro- 
panes,  C3H7N304,  mw  149.11)  N 28.18%,  OB 
to  C02  -59.0%.  The  following  isomer  was 
found  in  the  literature: 

1, l-Dinitro-2-om  inopropane;  a,a-Dinitro-/3* 
aminopropane  or  /3,/3-Dinitroisopropylamine, 

(02N)2CH-CH(CH3).NH2.  Yel  cry sts,  mp 
decomp  ca  120°.  Can  be  prepd  from  acetalde- 
hyde-ammonia, CH3CH(OH)NM2  and  dinitro- 
m ethane 

Refs:  l)Beil  4,156  & [631]  2)P.Duden  et  al, 

Ber  38,2038(1905) 
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Note : No  higher  nitrated  ami  nopropanes  were 
found  in  Beil  or  m CA  through  1956 

AMINOPROPANEDIOLS 
AND  DERIVATIVES 

Aminoprop anediol s,  Amirzopropyleneglycols 
(Arainodihydroxypropanes  or  Dihydroxy  pro- 
pylamines)  (Called  Am  in  odi  ox  y propan  or 
Dioxypropylamin,  in  Ger),  H2  N-C3HB  (0H)2  , 
uw  91.11,  N 15,37%.  The  following  isomers 
are  described  in  the  literature: 

1- Amino-2, 3-propanediol  or  3- Amino- 1,2- 
propanediol  ( Glycerot-a-monoamine,  1- Amino- 

2. 3- hydroxy  propane,  1-  Aminoprop  one-  2, 3-diol 
or  y-Aminopropylene-glycol ) (/9>  y-Dioxy- 
propylamin,  in  Ger),  H2N-CH2  .CH(OH>CH2{OH). 
viscous  oil,  d 1.1752  at  20° /4°,  bp  264°  at 
739  mm(with  si  decompn),  n^  1.49  a*  10°; 

readily  sol  in  w & ale,  insol  in  eth  or  benz. 

Can  be  prepd  by  mixing  glycidol,  CHa  .O-CH.- 

CHaOH,  with  NHs(Ref  2)  or  by  other  methods 
(Refs  1 & 3) 

Refs : l)Beil  4,301,(447)  & [7531  2)L.Knorr 

& E.Knorr, Ber  32,752-4(1899)  3)H.P.den 
Otter, Re c 57,18-20(1938)  & CA  32,3354(1938) 

2-  Ami  no-  1,3-prop  anediol  ( Glycerol- \ 3-mono- 
amine, fi-Aminotrimethyleneglycol,  2-Amino- 
lt 2-dihydroxy  propane  or  2-  Aminoprop  ane- 

1. 3- diol)  ($,/3'  -Dioxyisopropylamin,  in  Ger), 
HO*CHj  -CH(NH3  )-CH2  -OH.  Extremely  hygro- 
scopic syrup.  Can  be  prepd  by  the  reduction 
of  2-nitro- 1,3-prop  an  ediol(Ref  3)  or  by  other 
methods 

Refs : l)Beil  4,303  & (448)  2)E. Schmidt 

& G.Wilkendorf,Ber  52,398(191 9)  3)H.P. 
den  Otter, Rec  57,13—16(1938) 

Azidoaminoprop anediols,  CjH8N40s  and 
Diazidoaminopropanediols,  C8H7N702  — not 
found  in  Beil  or  CA  tnrough  1956 

l-Amino-2, 3-propanedlol  Dinitrate;  1-Amino- 

2,3-din»troxypropane  or  3- Amino-  1,2-pro- 
panediol Dinitrate,  H2N-CH2  -CH(ON02  )*~ 
CH2(0N02),  mw  181.11,  N 23.20%.  Its 


nitrate  salt,  CSH7N s06  + HNO,,  crysts(from 
BuOH),  mp  90°.  Was  prepd  by  Barbi^re 
(Ref  2)  by  nitrating  the  nitrate  salt  of  3* 
amino- 1,2-propanediol  with  97%  HNO,  at  -5° 
removing  the  excess  HNOs  in  vacuo,  pptg 
the  reaction  product  with  ether  at  —10°  and 
recrystg  the  final  product  from  BuOH 

Refs:  l)Beil  — not  found  2)  J.  Bar  bier  e, 

BullFr  11,470(1944)  & CA  40,2111(1946) 

Note:  No  other  nitrated  derivs  were  found  in 
Beil  or  CA  through  1956 

Aminoprop  anediol  Derivatives  of  den  Otter. 

Several  derivs  were  obtained  by  H.den  Otter 
(See  Ref  2 at  the  end  of  this  section)  by 
coupling  aminopropanediols  with  aromatic 
nitro-  or  halogen-nitro  compounds.  On  nitra- 
tion of  these  derivs,  several  compds  were 
obtained 

Coupling  reactions  were  achieved  by  boil- 
ing alcoholic  solns  of  aminopropanediols 
under  reflux  with  the  necessary  quantities  of 
nitro  /or  halogen -oitro  compds  and  CHsCOONa 
for  several  hrs  on  a water  bath,  filtering  off 
the  NaCl  formed  and  evapg  the  soln  obtained 
under  vacuum(Ref  2,pp  15—16).  Nitrations  of 
the  resulting  compds  were  carried  out  by  dis- 
solving about  lg  of  the  substance  in  5—6  ml 
of  fuming  HNOs(cooled  in  an  ice-salt  mixt) 
and  allowing  the  soln  to  stand  for  ihr.  The 
container  with  the  soln  was  then  placed  in  an 
ice-salt  mixt  and  water  added  dropwise  in 
order  to  ppt  the  nitrated  product.  The  result- 
ing substance  was  purified  either  by  recrys- 
tallizing  it  or  by  extracting  it  with  a suitable 
solvent 

Among  the  numerous  products  listed  in 
Tables  1—4  of  Ref  2,  the  following  have 
expl  properties  comparable  to  those  of  a HE, 
such  as  tetryl: 

2-(2‘  ,4'  ,6’  -Trimtrophenyl-nitramino)-1,3- 
dinitroxy-propane  or  2-(2*  ,4*  ,6* -Trinitro- 
phenylnitramino)-! ,3-propanediol  Di nitrate, 

(02 NO)CH2  -C[NH(N02 )]  [C8H2  (N02  )s]-CH2  (0N02 ), 
mw  437.20,  N 22.43%.  Lt  yel  solid,  mp  142-3° 
(with  decompn);  insol  in  w,  ale  & eth,  sol  in 
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acet,  NB,  AcOH,  etc.  Expl  on  heating  or  on 
impact(Ref  2,  listed  at  the  end  of  this  sec- 
tion) 

2-(2'  ,4*  -6'  -Trinitro-3-chlorophenyl-nitramino) 
-1, 3-d initroxy- propane  or  2-(2'  -4*  -6'  -Trini- 
tro-3-chlorop  he  nylni  tram  ino)-l,  3-propanediol 
Dinitrate,  (02  NO)CH2  -C[NH(NOa  )]  [CaH(Cl) 
(NOz  ),]-CH2(ON02),  mw  471.65,  N 20.79%- 
Lt  yel  sol,  mp  softens  ca  40°  becoming  resin- 
ous: insof  in  w.  ale  Si  eth.  so?  in  acet,  NR, 
AcOH.  Expl  on  heating  or  on  impact(Ref  2) 


2-(2:  ,4s  -Dinitronaphthyinitramino)-! ,3-dim- 
troxypropane  or  2-(2'  ,4' -Dinitronaphthyi- 
nitramino)- 1,3-propanediol  Dinitrate. 

(02  NO)CH2  -c  NH(N02 ) C|0HS  (NO,  )2  - 
CH2(0N02),  mw  442.26,  N 19.00%.  Yel 
crysts,  mp  1 17°  (soften  ing  at  a lower  temp); 
insoi  in  w,  eth  & chlf,  sol  in  ale,  acet,  AcOH 
& benz.  Expi  on  heating  or  on  impact(Ref  2) 


I ' ,3’  -8i$-(l  ,3-Dinitroxy-2-nitramino-propane) 
-2', 4'  6’ -trinitrobenzene  {called  by  den  Otter, 
T etranitrate  of  l,3mBis-[(  1*  ,3'  'dihydroxy- 
propyi-2'  )nitramino'\~2, 4 » 6~trinitrobenzen e S 
CHa(ONOa) 

/ 

C-NHNO, 

/\ 

/ CH2  (ON02  ) 

(02N)s-C4H 

\ /"LI  /AMA  \ 

\ ) 

C-NHNOj 

\ 


mw  66.30  , 

N 23.30%.  Lt  yel 
cry st  3 y mp-Lums 
brn  at  50— 60°and 
then  decomps; 


CH2(ONOa)  insol  in  w,  chlf, 
benz.  si  sol  in  ale  & eth.  sol  in  acet.  methanol, 
AcOH,  NB(Ref  2) 


3-(2;  ,4*  ,6*  -Trinitrophenyj-nitramino)- 1,2- 
dinitroxy-propane  or  3-(2'  ,4'  ,6'  -Trinitro- 
phenyl nitramino)-  1,2-propanediol  Dinitrate, 

(02  NO)CH2  -CH(ONO  2 )-CH-[NH(N02  )]  ■ 
[C6H2(NOa)J,  mw  437.20,  N 22.43%.  Lt  yel 
crysts,  mp— softens  ca  67°  and  decomps  ca 
80°,  insol  in  w,  pet  eth  & CC14,  sol  in  ale, 
eth,  acet,  chlf,  etc.  Expl  on  heating  or  on 
impact(Ref  2) 


3-(2*  ,4*  ,6'  -Trinitro-3’  -chlorophenyl-nitramino) 
-1 ,2- Jinitroxy-propane  or  3-(2'  ^’^’-Trinitro- 
31  -chlorophenyl-nitramino)-l,2-propanediol 

winiifute,  (Oj1nO)CH2  -CH(ON02  )-CH[NH(N02 )] 
[C6HCl(N02)J,  mw  471.65,  N 20.79%.  Lt  yel 
vise  fluid  at  50°;  in  sol  in  w,  pet  eth,  chlf. 


CC14,  sol  in  ale,  acet,  benz,  NB  and  AcOH. 
Expl  on  heating  or  on  impact  (Ref  2) 


3-{2'  ,4’  -Dinitronaphthyl-nitramino)-1,2-dini- 
troxypropane  or  3-(2 1 ,4'  -Dinitronaphthyi- 
nitramino- 1,3-propanediol  Dinitrate, 

(Oa  NO)CHa  -CH(ON02)-CH[NH(N02 )] 

[Cl0Hs (NO, )2 ],  mw  442.26,  N 19.00%.  Lt  yel 
crysts,  changes  to  a viscous  liq  ca  73°  and 

nmnn  ra  * inc^l  i n n;  r’Vi  1 f C* C* T r**** 

w 5 Mt  j 

eth,  sol  in  ale,  eth,  acet,  benz,  NB-  Expl 
on  heating  or  impact(Ref  2) 


1 1 ,3’  -Bis-(2,3-Dinitroxy-l -nitramino-propane)- 

2*  ,4’  ,6*  -trinitrobenzene  {called  Ky  on  Ott  Sf  j 


T etranitrate  of  3‘Bis[(2'  ,3'  -Dihydroxypropyl- V ) 
•nitTamino]-2,4,6~trinitrobenzene\, 


fO.NLO.H 

' * ' J - . O 


CH(NHN02  )-CH(ONOa  )-CH2  (0N02 ) 


CII(NHNOa  )-CH(0N02  >CH2  (0N02 ), 
rnw  661.30,  N 23.30%.  Lt  yel  solid  softening 
ca  60°  and  decompg  ca  73°;  insol  in  w,  chlf, 
CCl4;  sol  in  ale,  eth,  acet,  AcOH,  benz  & 
NB.  Expl  on  heating  or  on  impact(Ref  2) 


Refs:  l)Beil  - not  found  2)H.P.  den  Otter, 

Rec  57,23-24(1938)  & CA  32,3354(1938) 


AMINOPROPANOIC  ACIDS 
AND  DERIVATIVES 

Aminopropanoic  Acids,  Amino  prop  ionic  Acids 

nr  AJ/7rtlT}&<  W 7\] « Vi  rnnH  Qp  tro  ral  ienmorc 

■ “a** 

are  described  in  Beil  4,381,401  & [809,827] 

Aziaoam inopropanoic  Acid,  C3H6N402  and 
Diazido aminopropanoic  Acid,  C,HsN702  — 
not  found  in  Reil  or  OA  rhrouvh  ICS/i 

— - - - 0 “ - v ^ — 

3- Ni  tram  inopropanoic  Acid,  02  N-HN-CH2— 

Cii2 -CGGH,  mw  134.09,  N 20.89%.  Ndls, 

•np  73°.  Was  obtained  by  treating  its  amide, 
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02N-HN-CH2-C0-NH3,  with  NaOH  soln.  Its 
barium  and  silver  salts  are  expl 

Refs:  l)Beil  4,57 6 2)A.P.N.Franchimont 

& H. Friedmann, Rec  26,220-2(1907) 

Note:  No  higher  nitrated  aminopropanoic 
acids  were  found  in  Beil  or  in  CA  through 
1956 

AMINOPROPANOLS  AND  DERIVATIVES 
(Proponolamines  and  Derivatives) 

Aminopropanols  or  Aminopropyl  Alcohols 
(Aminohydroxypropane  s or  Hydroxyaminopro- 

panes),  C,He(NH2)OH,  mw  75- 1 1»  N 18.65%- 
Three  isomers  are  described  in  Beil  4,288, 
289,(432,433,437)  & [733,734,736]-  Their 
picrates  are  listed  under  Picric  Acid 

Azidoam  inopropanols,  C3H8N40  and  Diazido- 
am  inopropanols,  C3H7N70  — not  found  in 
Beil  or  CA  through  1956 

Aminopropanol  Nitrate,  CsH#Na  03  — not  found 
in  Beil  or  CA  through  1956 

Nitrodmittopropanol,  C3H3N203  and  Nitrami- 
nopropanol,  C3H8N3  03  — not  found  in  Beil 
or  CA  through  1956 

3-Amino-2-nitroxypropane  Nitrate  or  Amino- 
isopropanol  Dinitrate,  H3N-CH2  -CH(ON02  )■ 
CHj  + HNOs,  mw  183.13,  N 22.94%.  Crysts 
from  abs  ale,  mp  94°.  Was  prepd  by  Barbi^re 
(Ref  2)  by  treating  3*amino-2-propanol  ni- 
trate with  coned  HN03  at  -5°,  removing  the 
excess  HNO,  in  vacuo,  pptg  the  reaction 
product  with  eth  at  -10°  and  recrystallizing 
it  from  abs  alcohol 

Refs:  l)Beil  4 — not  found  2,)J.Barbi£re, 

BullFr  11,470-80(1944)  & CA  40,2110-11 
(1946) 

Nitroaminopropanol  Nitrate,  C3H7N3Os  ; Nz- 
traminopropanol  Nitrat e,  C3H7N304  and  Di~ 
nitroaminopropanol,  C,H7NsOb  — not  found 
in  Beil  or  CA  through  1956 

Nitr aminopropanol  Nitrate,  l-Nitr<snino-2- 
nitroxy-propane,  l-Nitramino-2-propanol  Ni- 
trate or  N-(/3*Nitroxypropyl)nitramine  called 
by  Blomquist  & Fiedorek  lso-Me*NENA, 


03N.HN;CH2-CH(0N02>CHj,  mw  165.11, 

N 25.45%,  OB  to  C02  -43.6%,  OB  to  CO 
-14.5%.  Col  crysts,  mp  86-7°.  Was  prepd, 
starting  with  l-amino-2-propanol  and  ethyl- 
chlorocarbonate,  by  the  following  series  of 
react:  ons: 


H2N-CH2.CH(OH)CH3 


c2  h5  COO  Cl 
followed  by  aq  NaOH 


(C2HsCOO)HN.CH2.CH(OH).CH3 
N— (2-  propanol  )urethane 

U,Mh,ne  added  dfop"ise  . (C,H,COO)N(NO,).- 
to  98%  HNO,  at  10° 

CH2.CH(0N02).CH3 

NH3  added  to  the  ethereal  / NH2  + \ ^ 

soln  of  the  nitrate  > NO,  / 

CH(ONOa  )-CHs 

HCi  added  immediately  q N.HN.CHj.- 

after  NHS  “ 

CH(ON02  ).CH, 


Details  of  the  method  of  prepn  are  given 
in  Refs  2 & 3 


Iso-Me-NENA  was  proposed  as  a possible 
plasticizer  for  NC  in  prepn  of  prplnts  and  as 
an  ingredient  of  expl  compns 

Refs:  l)Beil  - not  found  2)M.T.  Blomquist 

& F.T. Fiedorek, OSRD  Rept  4134  or  PBRept 
18867(1944), 45-7  3)Ibid,USP  2,485,855(1949), 
5-6  & 12-13;  CA  44,3516-17(1950) 


AMINOPROPENES  AND  DERIVATIVES 
3-Amino-l-propene,  y-Amino-a-propylene  or 
Allylamine,  CH2  :CH-CH2 -NH2  , mw  57.09, 

N 24.53%-  Col  liq,  d 0.761  at  22°/4°,  bp 
56.5°  at  756  mm;  misc  with  w,  ale  & eth. 

Prepn  in  Ref  3 and  props  in  Ref  1 

Its  perchlorate  was  reported  to  expl  ca 
262°  and  the  pier  ate  at  270°  (Ref  2) 

Refs:  l)BeH  4,205,(389)  & [662]  2)R.L. 
Datta  & N.R.ChatterjeeJCS  115,1007-8(1919.' 
3)OrgSynth,Coll  Vol  2(1943),  24 
Note:  R.Levy,MP  32,309-12(1950)  prepd 
several  solid  compds  as  possible  stabili- 
zers in  smokeless  propellants.  One  of  these 
compds(p  312),(CiHs)2  :N-CO-NH*CH2  *CH:CH2 , 
mp  82°,  was  prepd  by  refluxing  for  6 hrs 
allylamine  with  (CHS  )2  :N*CO-Cl 
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Azidoaminopropene,  C,H6N4  — not  found  in 

Beil  or  CA  through  1956 

3-Nitramino-  l-propene  or  Ally Initr amine, 

CHj  :CH-CH2  •NH(NOa  ),  or  other  nitrated 
derivs  of  aminopropene  were  not  found  in 
Beil  or  CA  through  1956 

Note:  E.E. Lewis  & M.  A. Naylor,  J ACS  69,  1968 
(1947)  prepd  allylaminopicrate  as  yel  crysts, 
mp  141—141.5°.  A.J.Restaino  et  ai,jACS  78, 
2940(1956)  prepd  the  compd  with  mp  144°.  Both 
compds  seem  to  be  identical  with  the  picrate 
listed  on  p A253(explodes  at  270°) 

Aminopropoxyaminoimidaiolidine,  Nitrated. 

See  l-Nitro-2-n-propoxy-2-nitraminoimidazoli- 
dine  under  Aminoimidazoline  and  Aminoimid- 
azolidine,  Substituted  Derivatives 
Aminopropylaminoimidazolidine,  Nitrated. 

See  l-Nitro-2-propylamino-2-nitraminoimidazol* 
idine  and  l-Nitro-2-propylamino-2-imidazoline 
Nitrate  under  Aminoimidazoline  and  Amino- 
imidazolidine,  Substituted  Derivatives 
}»Aminopropyleneglycol.  See  l-Amino-2,3- 
propanediol  under  Aminopropanediols 

Am  inop  scudocum  ones  or  Amino-l,2,4-trimethyl* 
benzenes^CHjJjC^Hj  *NHa . Several  isomers  axe 
known  of  vtaich  the  3~  aminop  seudocumene  is 
the  most  important.  Its  mono-  and  dinitro-  compds 
are  known  but  they  are  not  expl.  Azido*  and 
diazido-  derivs  were  not  found  in  Beil  or  CA 
through  1956 

Some  of  its  salts  are  expl,  for  example,  that  of 
2,4,6-trinitro-ra-cresol,  explg  ca  477°(Ref  2) 

Refs:  l)BeiI  12, 1150-3, 1159,(498-9. 502)  & 

[629-31]  2)R.L.Datra  et  alJACS  45,2432(1923) 

AMINOPURINES  AND  DERIVATIVES 

Aminop  urines  or  / minodihy drop  urines, 

C5H5N5,  raw  135.13,  N 51.83%,  are  compds 
of  higher  nitrogen  content  and  may  be  of 
interest  as  gas  producing  components  of 
expls  and  prplnts.  The  following  isomers 
are  described  in  Beil: 

2-Aminopurine,  2-lmino-2,3-dihydropurine  or 
Isodenine,  C, HgNg  + H20,  ndls.  Can  be  prepd 
by  heating  2,4-diamino-5*forrnaminopyrimi- 
dine  or  by  other  methods 
Refs:  l)Beil  26,414  2)O.Isay,Ber  39,264 

(1906) 

6-Aminopurine,6-imino-l,6-dihydropurine  or 
Adenine,  C5H5NS  + 3H20,  wh  ndls  or  leaflets 
loosing  w at  110°,  mp  360.5°  with  decompn 


on  rapid  heating  in  a capillary  tube.  Can  be 
derived  from  nucleic  acid.  Numerous  methods 
for  its  prpn  are  listed  in  Ref  1.  Its  Qv  is 
663.74  kcal/mol 

Refs:  1)  Beil  26,420,(126)  & [252]  2)P.A. 

Levene  & L.W.Bass,  "Nucleic  Acids,’ ’ NY 
(1931), 95  3)J-Baddiley  et  aljCS  1943, 

386—7  & CA  37,6667(1943) (Synthesis  of 

adenine)  4)CA  — see  under  Adenine 
Azidoaminopurine , CSH4N#;  Nitroaminopurme, 
C,H4Nc02  and  Nitraminopurine,Cs  H4Ne02  — 
not  found  in  Beil  or  CA  through  1956 

AMINOP YRIDINES  AND  DERIVATIVES 

Aminopyridine s or  Pyr  idylamines(formecly 
called  Pyridonim ides),  Cg  H6N2  , mw  94.11, 

N 29.77%.  Several  Isomers  are  listed  in 

Beil  22,428,431,433,(629,633)  & [322,339, 

340] 

Azidoaminopyridine,{J-sH$N5  — not  found  in 
Beil  orCA  through  1956 

Note:  E.Koenigs  et  al.Ber  57B,1172— 8 & 1179—87 
(1924)  discussed  di azotization  and  nitration  of 
4-aminopyridin e,  as  well  as  the  prepn  of  salts, 
such  as  picrate , yel  ndls,  mp  215— 16°(p  1175) 

Monon  i tro  ami  nop  yri  dines  and  Nitraminopyri- 
dines,  CgHgNjOg,  mw  139.11,  N 30.21%,  are 
listed  in  Beil  22,(631,702)  & [335-6,  465, 
519—21].  Prepn  of  pure  compds  is  described 
by  L.N.Pino  and  W.s.Zehrung,JACS  77,3154— 
5(1955)  & CA  50,3435(1956).  Although  these 
compds  are  not  expl  some  of  their  salts  and 
derivs  are  mild  expls  , eg,  the  sodium  salt  of 
2-n itram inop yr idine  was  reported  to  defgr  on 
heating.  Methylation  of  2-nitraminopyr idine 
with  MeaS04  gave  an  expl  compd,  C6H7N,02, 
mw  153.14,  N 27.44%,  darkens  at  185°,  melts 
at  189  and  defgr  at  higher  temps 
Refs:  l)Beil  - not  found  2)A.E.Chichibabin 

& A. V. Kirsanov,  Ber  60,2433-8(1927)  & CA 
22,961(1928) 

Nitronitraminopyridines,  Cg  H4N404,  mw  184.11, 

N 30.43%.  The  following  derivs  are  described 
in  the  literature: 

5*Ni  tro'2-nitf  aminop  yridine,  CH=N-ONH*NO 

I II 

o2n-c=ch-ch 

Plates  or  ndls(from  w),  mp  decomp  on  heating. 

Its  sodium  salt  was  reported  to  be  a mild  expl 
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Refs:  l)Beil  22,(703)  & [522]  2)A.E.Chi- 
chibabin  et  al,  JRusPhChemSoc  47,1292(1915) 
Ibid  60,978-80(1928)  and  Ber  58,1708,1715 
(1926)  & 61,1223,1232(1928) 

CH=N-CH 

l n 

3-Ni1fo-4-nitroml nopyridine,  CH=C-C-N02 

NH(N02)* 

Dk  yel  ndls,  mp— decomp  at  202°  and  defgr 
on  rapid  heating.  Can  be  prepd  by  nitration 
of  4-aminopyridine  or  4-nitraminopyridine. 

Its  potassium  salt  was  reported  to  expi  on 
heating, more  violently  than  the  basic  compd 
Refs : l)Beil  22, [521]  2)E.Koenigs  et  al, 

Ber  57,1183-4(1924) 

Dinitroaminopyridines,  Cs  H4N404,  mw  184.11, 

N 30.43/5-  The  following  isomers  are  listed 
in  the  litertaure: 

3,5-Din  itro-2-am  inopyrid  in©,  HC— N=C-NH2  . 

o2nc-chJc-no2 

Yel  ndls(from  w),  mp  190.2°,  diff  sol  in  cold 
w,  easily  sol  in  inorg  acids,  insol  in  alka- 
lies. Can  be  prepd  by  treating  5*nitro-2- 
aminopyridine  or  3-nitro-2-aminopyridine  with 
coned  H2S04 

Refs : l)Beil  22(632)  & [338]  2)A.E.Chi- 

chibabin  et  al,  jRussPhChemSoc  47,1293 
(1915)  & 60,980(1928)  3)C. Rath, Ber  58B, 

.346(1925)  4)A.E. Chichibabin  et  aI,Ber  58B, 
1707-8(1925) 

HC-N=CH 

II  ! 

3#5-Dinitro-4-ominopyridine,  02N  « C-C=C-N02. 

NH3 

Yel  ndls(from  w),  mp  170—1°,  si  sol  in  ale  & 
hot  w,  easily  sol  in  inorg  acids,  dissolves  in 
hot  alkalies  with  decomp.  Can  be  prepd  by 
treating  4-aminopyridine  with  HN03+H3  S04 
as  indicated  in  Ref  2.  Forms  salts,  some  of 
which  are  expl,  eg,  the  picrate 
Refs : l)Beil  22, [342]  2)E.Koenigs  et  al, 

Ber  57,1184(1924) 

Note:  No  higher  nitrated  derivs  of  amino- 
pyridine were  found  in  Beil  or  CA  through 
1956 


Aminopyridinecarboxylic  Acid.  See  Amino- 
nicotinic  Acid 

AM1NOPYR1DYLPYR  AZOLE 
AND  DERIVATIVES 

3‘Amino~5‘pyridyl-pyTazole  or  3-Amino-5- 
pyridyl- 1, 2-diazole,  CeH#N4,  mw  160.18, 

N 34.98%,  may  be  considered  as  the  parent 
compd  of  the  following: 

Azidoaminopyridylpyrazole,  C8H7N7  — not 
found  in  Beil  or  CA  through  1956 

4-Nitro-3-amino-5-pyridyl-pyraiole, 

C5H4N-C-NH-N  , mw  205.18,  N 34.12%. 

II  II 

o2n-c C‘NH2 

Ndls.  Was  prepd  by  treating  an  alkaline  soln 
of  3,4-dinitro-5-pyridyl  -pyrazole  with  H2S 
at  9°° 

When  the  nitroaminopyridylpyrazole  was 
diazotized  in  4 mols  of  4N  nitric  acid  with- 
out cooling,  a clear  soln  was  obtained  which, 
on  cooling  in  ice  water,  deposited  crystals 
of  the  diazonium  nitrate , CtHsN7Os , N 
34.1% 

The  diazonium  perchlorate , C8H8  N606C1, 
mw  316.63,  N 26.54%,  was  obtained  by 
diazotizing  nitroaminopyridylpyrazole  in 
4N  hydrochloric  acid  soln,  filtering  the 
lukewarm  soln  and  adding  70%  perchloric 
acid.  The  separated  crysts  of  the  perchlo- 
rate were  dried  and  ground  in  a mortar  with- 
out producing  an  expln.  The  substance, 
however,  expl  with  great  violence  when 
struck  with  a hammer  or  when  heated  to  160° 

Refs:  l)Beil  — not  found  2)H.Lund,JCS 

1935,418-19  & CA  29,4359(1935) 

Note:  No  other  nitrated  derivs  of  3*amino-5" 
pyridylrpyrazole  were  found  in  Beil  or  CA 
through  195  \ 

AMINOQUINOLINE  AND  DERIVATIVES 

Amino  quinoline  (Amino-chinolin,  in  Ger), 
(C9H6N)NH2,  mw  144.17,  N 19.43%.  Several 
isomers  are  described  in  Beil  22,443—5, 
447,450,(637-640)  & [350,352-3,355-6] 

Note:  Nitration  of  4-aminoquinoline  was  in- 
vestigated by  J.C.E.Simpson  & P.H. Wright, 

JCS1948, 2023-4  & CA  43,3002(1949) 
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A zido  amino  quinoline,  C9H7NS  and  Diazido- 
amino quinoline H6Nt  — not  found  in  Beil 
or  CA  through  1956 

N itr  amino  quinoline  s,  (C9H6N)NH-N02  , mw 
189.17,  N 22.21%.  Two  isomers  are  described 
in  Beil  22,593  & [522] 


NHa 

Nitroam ino quinoline  s,  (C9H5  N)^  , mw 

NO, 

189.17,  N 22.21%.  Several  isomers  are  de- 
scribed in  Beil  22,445,452,(637,639)  & 
[352,354,357] 


NH-NO, 


Nitronitramino  quinolines,  (C9HsN) 


/ 

\ 


NO, 

mw  234.17.  N 23.93%.  The  following  isomer 
is  described  in  the  literature: 


6-Nitro-4-nitrominoquinoline.  Golden  yel 
ndls  decompg  ca  203°(Hef  2),  orange-yel 
ndls  decompg  without  melting  at  2l6°(Ref  3). 
Was  obtained  by  adding  mixed  HNO,  + H2S04 
to  4-aminoquinoline  dissolved  in  H2S04 
(Ref.  2).  Can  also  be  obtained  by  adding 
coned  HNOj  to  6-nitro-4-aminoquinoline  dis- 
solved in  coned  H,S04  at  -15  to  -20° 

Refs:  l)Beil  22,593  2)A.Claus  & W. 

Frobenius,JPrChem  56,197(1897)  3)J.C.E. 

Simpson  Si  P.H. Wright,  JCS  1948,2024  & 

CA  43,3002(1949) 


NH, 


Dinitroaminoqu  inolines,  (C9H4N) 


/ 


(NO,), 

mw  234.17,  N 23.93%.  The  following  isomers 
are  described  in  the  literature : 


6, 8-Dmitro-5-ami  noquinoline.  Dark  yel  ndls 
decompg  ca  275°.  Can  be  prepd  by  heating 
a mixture  of  methyl-(or  ethyl )-6,8-dinitro- 
quinoline  carbamate  writh  coned  H2C04  at 
105°(Refs  1 & 2) 

Refs:  l)Beil  22, [354]  2)R. P.Dikshoorn, 

Rec  48,244(1929) 

3(?),6-Dinitro-4-ominoqoinoline.  Pale  yel 
ndls,  mp  282—3°.  Was  prepd  by  adding 
HNOs(d  1.40)  to  a stirred  soln  of  4-amino- 
quinoline  dissolved  in  coned  H2S04  at  -7° 
to  +2° 

Refs:  l)Beil  — not  found  . 2)J.C.E. Simpson 

& P.H.WrightjCS  1948,2023-4 

Note:  No  higher  nitrated  derivs  of  amino- 
quinoline  w’ere  found  in  Beil  or  CA  through 
1956,  but  some  of  them  probably  can  be  prepd 

Amino  Resins  and  Plastics.  The  commerci- 
ally important  amino  resins  are  the  urea- 
formaldehyde  and  the  melamine-formaldehyde 
condensates.  Of  lesser  importance  are  the 
sulfonamide,  aniline  and  thiourea  resins 

Ref:  Kirk  & Othmer  1(1 947), 741-771  (84 

refs) 

Note : Amino  resins  and  plastics,  as  well  as 
other  resins  and  plastics,  are  finding  more 
and  more  extensive  use  in  ordnance 

AM1NORESORCINOLS  AND  DERIVATIVES 

Aminorescorcinolsy  HaN*C6H3(OH)2 , mw 
125.12,  N 11.20%.  Three  isomers  are  de- 
scribed in  Beil  13,782-3,787  & [468-9] 

Azidoaminore sorcinols,  C6H6N403  and  Diazi - 
doaminoresorcinols,  C6HsN702  — not  found 
in  Beil  or  CA  through  1956 


5,7-Dinitro-8-am  inoquinoline.  Lt  yel  ndls, 
mp  187—8°.  Can  be  prepd  by  warming  5,7- 
dinitro-quinolinecarbamic  acid  with  aq  H2S04 
on  a water  bath,  as  described  in  Ref  2,  or  by 
other  method s(Ref  1) 

Refs:  l)Beil  22,452,(64  0)  & [358]  2)R.P. 

Dikshoom,Rec  48,525(1929) 


Mononitroaminoresorcinols , H2  N ‘C6I12  (OH)2 NO 
mw  170.12,  N 16.47%.  Two  isomers  are  de- 
scribed in  Beil  13,783,(315) 

Nitrcon  inor esorci nols,  02  NHN*C4Hs(OH)2  — 
not  found  in  Beil  or  CA  through  1956 

Dinitroammoresorcinolsy  H2N-C6H(OH)2  (N02  )2 
mw  215.12,  N 19.54%.  One  isomer,  the 
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described  in  Beil  12,1187  & [648] 


4.6- dinitro-2-aminoresorcinol,  is  described 

in  Beil  13,(783) 

Din itronit raminoresorcinols,  O 2 NHN*C6H 
(0H)2(N02)2  — were  not  found  in  Beil  or 
CA  through  1956 

Trinitroaminoresorcinols,  H2N-C8(OH)2  (N02  )Jt 
mw  260.12,  N 21.54%,  OB  to  C02  -36.9%, 

OB  to  CO  0.0%.  The  following  isomer  was 
found  in  the  literature: 

2.4.6- Trinitro<-5«aminoresorcinol, 

02N-C=C(0H}— C(N02) 

I ||  Dark  yel  crysts 

H2N-C=C(N02)-C(0H) 

(from  ben  z + ale),  decompg  at  236—7°.  Was 
prepd  by  treating  pentanitroaniline(free  from 
benz)  with  CH3COONa  or  Na2COs  in  aq 
acet.  Its  expl  props  were  not  investigated 

Refs : l)Beil  13, [474]  2)B.Flurscheira  & 

E.L. Holmes, JCS  1928,3044  & CA  23,823 
(1929) 

Note:  No  higher  nitrated  derivatives  of 
aminoresorcinols  were  found  in  Beil  or  CA 
through  1956 

AMINOSALICYLIC  ACID 
AND  DERIVATIVES 

Aminosalicylic  Acids  or  Aminohydroxy ben- 
zoic Acids,  C7H402  (OH)*NH2  are  described 
in  Beil  14,577,579,(649,650)  & [350,352] 

Azido aminosalicylic  Acid,  C7H6N40s  and 
Diazidoaminosalicylic  Acid , GjHjNjO,  — 
not  found  in  Beil  or  CA  through  1956 

Nitroaminosalicylic  Acids,  C7HftN2  Os . Two 
isomers  are  described  in  Beil  14,  579,586, 
(649)  & [350,354] 

Note:  No  higher  nitrated  and/or  nitrited 
derivs  were  found  in  Beil  or  CA  through  1956 

AMINOSTYRENES  AND  DERIVATIVES 

Aminostyrene s,  V iny l aniline s or  Aminovinyl- 
benzenes,  CH2  :CH*C6H4*NH2 , mw  119.16, 

N 11.76%.  Three  isomers,  2-,  3_  and  4-,  are 


Azidoaminostyrene,  C8H8N4  and  Diazidoam- 
inostyrene,  CBH7N7  - not  found  in  Beil  or 
CA  through  1956 

<y-  Amino  styrene  or  Styrylamine,  C6H5*CH: 
CH’NHj,  is  listed  in  Beil  12,1188  & [648] 
but  no  description  of  its  props  and  no  me- 
thod of  prepn  are  given 

4- Aminostyrene  Polymer , (C8H9N)^,  is  an 

amor  substance  which  softens  ca  76°  and 
melts  ca  81°.  Can  be  prepd  by  heating  4- 
aminocinnamic  acid(Ref  3)  or  by  reduction 
of  its  ethylester  with  Sn  + HCl(Ref  2) 

Refs:  l)Beil  12,1188  2)G.Bender,  Ber  14, 

2359-61(1881)  3)A.Bernthsen  & F.  Bender, 
Ber  15,1982(1882) 

Mononitroaminostyrenes , C8H8N2  02  , mw 

164.16,  N 17.07%  - not  found  in  Beil  or 
CA  through  1956 

2,co(or  3, o)-Dinitro-4- amino- styrene  or 
3(or  2)«Nitro-4-(/3*nitrovinyl)aniline (Called 
by  Friedlander  "Nitroparamido-ed-nitro- 
styrol’  ’ ),  02  N*CH:CH-CeHj(NOa  >NH2  , mw 

209.16,  N 20.09%.  Red-bm  ndls(from  ale), 
mp— not  given.  Was  obtained  by  treating  4- 
aminocinnamic  acid  with  mixed  nitric-sul- 
furic acid  in  the  cold.  Its  expl  props  were 
not  investigated 

Refs:  l)Beil  12,1188  2)P. Friedlander  & 

M. Lazarus, Ann  229,247(1885) 

Note:  No  other  nitrated  and/or  nitrited  derivs 
were  found  in  Beil  or  CA  through  1956 

AMINOTETR AZOLE  AND  DERIVATIVES 

Am inotetrazol es,  CHSN s , mw  85.06,  N 82.34%, 
OB  to  C02  -65.8%,  OB  to  CO  -47.0%.  The 
following  isomers  are  theoretically  possible: 

a) l-amino-a-tetrazole  or  1-amino-lH-tetrazolc 

b) 2-amino-/3-tetrazole  or  2-amino-2U-tetrazole 

c) 5-amino-a-tetrazole  or  5-amino-ll l-tetrazole 
and  d^'aminO’/S-tetrazole  or  5-amino-2H- 
tetrazole.  Of  these  the  best  known  is  item  c 


Items  a and  c exist  only  in  the  form  of 
derivs.  while  item  b or  derivs  were  not 
found  in  the  literature 
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basic  ami  no -group.  The  compd  is  therefore 
amphoteric  and  behaves  very  much  like  an 
amino  acid(Ref  12, p 19) 


l-Ammo-a-teirazole  or  i-Arrino-ln-fetrazole, 

HC-N(NH2  )-N,  appears  to  be  known  in  the 

!!  !! 

N N 


form  of  its  derivs  such  as:  a)l-amino~5- 
pbenyl-a'tetTUzoie  and  its  chlorophenyl-, 
nitro-  anddichloroamino-derivs(see  under 


a 

■»  uiiAia  ^ u y ilu  li  a^.v/1^.  j j 


toly  l )- a.' tetrazole  and  its  dich  loramino- 
deriv(see  under  Aminotolyltetrazoles)  and 
c)  l-benzylidineamino-^-phenyl-ar  tetrazole 

(qv) 


Refs:  l)Beil  26,(113)  & [216]  2)R.Stolle 

et  al,  JPrChem  138,2-14(1933) 


2-Amino-fi-tetTaozle  or  2-Amino-2bl‘tetrazole, 
HC=N-N.NH  . This  rnmnd  O'-  ifS  derivs 

"l  i ' 

N— N 

were  not  found  in  Beil  or  CA  through  1956 


5- am  ! wQ-a-T ET R A 7QL E or  5-AMIN0-1H- 
TETRAZOLE  (One  of  the  Ger  names  is 
Tetrazolon-imid  and  Thiele  called  it 
"Amidotetrazotsaure1  ' ).  It  is  usually  desig- 
nated as  5-ATZ  , H2N*C— NH-^j  or 

N N 


HN:C-NH-N.  It  crystallizes  from  w in  the 

i ii 

HN N 

form  of  monohydrate,  wh  prisms  or  Iflcs, 
which  lose  llla  0 above  100°  and  melts  at 
200—3°*  It  is  d if f sol  in  ale;  insol  in  eth; 


sol  in  aq  solns  of  bases  and  strong  acids; 
sol  in  w to  the  extent  of  117g  per  lOOg 

t f A _ t oO _ J -7_  . i nnO/O  _ £ 1 tt  \ T*. 

n2  \j  *i o anu  /g  at  iw  1^, p cy)* 


Qv  246.2  keal/mol  and  Qv  -49*7  keal/mol 
e f 

(Refs  11  & 13) 

S-ATZ  is  an  arid,  very  hygroscopic  and 
stable  to  heat.  Its  dissociation  constant  is 
1 x 10‘6 . In  addn  to  the  acidic  props  of  the 

lH-tetrazoIe  ring,  the  5-ATZ  also  has  a 


5-ATZ  was  first  synthesized  in  1892  by 
Thiele  (Ref  2)  by  treating  aminoguanidine 
with  nitrous  acid.  The  intermediate  guanyla- 
zide  was  cyclized  by  ammonia  to  5-ATZ: 

Ha N-C( : NH )-NH -NHa HQNQ  r 

A Hj  i HOg  Uawidt  H C 


HaN-C(:NH)*N,  ™*0H  „ HaN-C-NH-N 

ii  ii 

Guanylazide  II  II 

N N 

Dilute  acids  may  be  used  in  lieu  of  am- 
monia. Several  ocher  methods  of  prepn  are 
described  in  the  literature.  In  the  method  of 


Stoile(Ket  4)  5-/V1Z,  is  obtained  by  treating 
aminoguanidine  with  nitrous  acid.  Lieber  & 
T <“ v**rin 1 AV  afre>r  modifvinv  and  work* 

~ OK ^ / J - / o _ — - — 

ing  out  Stolle’  s method  in  detail,  obtained 
yields  up  to  74.5%*  The  same  investigators 
prepd  5-ATZ  in  70%  yield  by  the  reduction 
of  tetrazolylazide(or  its  K salt)  with  HaS. 


by  hydrogenolysis  of  5-ben  zy  lam  inotetra- 
zole  in  abs  ale  in  presence  of  Pd  charcoal 
catalyst 


d..  o.  c ./d  _ t i t\  : j 

^uuucui  oc  v— lii i in 

5-ATZ  as  a high-nitrogen  compd  which 
might  be  of  interest  as  a component  of  pro- 
p!nts(or  expls)  or  as  a starting  material  for 
various  derivs.  According  to  these  investi- 
gators the  high  chemical  stability  of  the 
tetrazole  ring  plus  the  fact  that  substitutions 


in  rV-i  j 


, 11, r 


- ****&  -}  j.  *w 

gether  with  the  synthesis  of.  tetrazole  itself, 
leaves  only  the  amino  group  of  5-ATZ  avail- 
able for  useful  chemical  reactions.  Therefore, 
the  reactions  of  5-ATZ  aside  from  salt  for- 
mation deal  principally  with  the  reactions  of 
this  functional  group.  The  amino  group  of 


5-ATZ  can  be  likened  to  that  of  aniline 


X-ray  diffraction  spectra  and  IR  absorp- 
tion spectra  or  5-ATZ  are  given  in  Ref  12, 
pp  81—9,  IR  absorption  spectra  in  Ref  10a, 
X-ray  diffraction  patterns  in  Ref  11a,  UV 
and  IR  absorption  spectra  in  Ref  12a 
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5 ATZ  forms  metallic  salts,  some  of  them 
expl,  eg,  the  silver  salt,  AgCH2N5.  Wh  amor 
ppt  obtained  by  treating  an  aq  soln  of  5“ ATZ 


A aM  A a1  r» 
“6ilvS 





p 59)-  The  mercury  salt,  prepd  in  1942  in 
Canada(Ref  6a)  on  treating  5-ATZ  with 
Hg(NO, )a  expl  on  impact  or  heating 


When  5-ATZ  wfl $ treated  witH  NsNOj  + 
HCl  under  cooling,  Thiele  obtained  a compd 
which  was  not  analyzed  because  it  exploded 
at  ca  0°.  Details  of  the  procedure  are  given 
in  Ref  2,p  62 


Although  not  expl  by  itself,  5-ATZ  may 
serve  as  the  starting  material  for  the  prepn 
of  expl  derivs  such  as  the  nitrate,  nitramino- 
compd,  di(tetrazolyl-5):N*  jN^-hexazadiene, 
etc,  some  of  which  are  described  beiow 


5-ATZ  is  a high  nitrogen  compd  and  can 
be  used  as  a cooling  agent  in  propellants. 

For  instance,  Hale  & Audrieth(Ref  9)  claimed 
that  incorporation  of  up  to  25%  of  5-ATZ  in 
smokeless  propellants  reduced  the  amt  of 

flash  and  wirhnur  rhanoino  flip  hallis* 

” G»  O “ 

tic  potential  or  sensitivity  to  mechanical 
action 


Refs:  l)Beil  26,403(123)  & [243]  2)J. 
Thiele, Ann  270,54-61(1892)  3=A.Hant2sch 
& A.Vagt.Ann  314,352—3,362—3(1901) 

4) R.Stolle  et  al,Ber  62B,1118-20(1929) 

5) E.Lieber  & G. B.L. Smith, ChemRevs  25, 

233  & 259(1939)  6)Davis(1943),448  6a)A. 
H.Blatt,OSRD  Rept  2014(1944)  (under  Tetra- 
zoles)  7)F.R.Benson,ChemRevs  41,  7(1947) 

Richttr  & R, AfischiitZj  * Ch^in* 
istry  of  the  Carbon  Compounds’  ’, Elsevier, 
NY ,4(1947),  172-3  9)G.C.Hale  & L.F. 
AudriethjIJSp  2,480,852(1949)  & CA  44,840 
(1950)  10)E.Lieber  & D.R.Levering ,JACS 
73,1316(1951)  10a)E.Lie'ber  et  ai,AnaiChem 
23,1594(1951)  ll)W.S.McEwan  & M.W.Rigg, 
JACS  73,4726(1951)  lla)L.A,Burkhardt  & 
D.W. Moore ,AnaiChem  24,1581-2(1952)  11b) 

W.L.Garbrecht  & R.M.Herbst,JOC  18,1028 
1953  12)L.F.Audrieth  & J.W. Currier, 
’’Derivatives  of  5‘Aminocetrazole’ ' , Univ  of 
Illinois  Rept.Urbana,  ill,  June  15,  1954(1)5 


Ordnance  Corps  Contract  DA-1 1-022-ORD-33) 

12a)D. B. Murphy  & J.P.Picard,  JOC  19,1808  & 1810 
(1954)  12b)P.Rochlin,D.  B.Murphy  & S.Helf,  J ACS 

76, 1453(1954)  (P.  dative  basicities  c£  5 ATZ  Sc 

derivs)  13)M.M.  Williams  et  al,JPhysChem  61,262(1957) 


5-Amino-fi(or  2H)-tetrazole , H2  N*C=N— NH.  It 

N=N 


seems  to  be  known  only  in  the  form  of  its 
derivs,  such  as  2-phenyl-5-amino-/3  (or  2H)~ 
tetrazole,  H2N-C=N-N*C6Hj  , described  in 

Boil  26,[?43j  N =N 

5-Amino-a-telrazole  Nitrate  or  5-Amino-lH- 
totrazole  Nitrate  (called  by  Hantzsch  et  al, 
"Amidotetrazolnitrat’  ’ ),  CHsN5*HhJ03,  mw 

148.09,  N 56.75%,  OB  to  CO2-10.8%,OB  to 
CO  0%.  Crysts,  mp-decompg  explosively  ca 
174-5°  (Refs  2&3).  Its  Q*  is  224.1  keal/mol 
(Ref  4)  and  its  X-ray  diffraction  spectra  are 
given  in  Ref  5).  The  nitrate  was  prepd  by  dis- 
solving 5-ATZ  in  the  ealed  amt  of  nitric  acid 


Refs:  l)BeiI  26,403  & [243]  2)A. Hantzsch 

Si  A.Vagt.Ann  314,352-3(1901)  3)R.StoIle, 
et  al,Ber  626,1120(1929)  4)W.S.McEwan  & 
M.W.Rigg, JACS  73,4726(1951)  5)L.A.Burk- 
hardt  & D. w. Moore, AnaiChem  24,1582(1952) 


5 -Nitraminotetrazolef 5-NATZ)  of  O’Connor, 

n. /w.HM.r.Ni-i.M  m m nn  nv  w 54  no 

u ""  if — 

N N 

to  CO,  “12.3%.  OB  to  CO  0%.  Col  crysts.  mp 
195°,  expl  at  si  higher  temp,  fairly  sol  in  w; 
insol  in  ale,  acet,  eth,  chlf  & benz  (Ref  2); 

^ 1 n •->  1 1 7 i / n r T\  w . ^ .1  1 

zxy.  z Kcai/ monger  D).  was  piepu  Dy 
treating  nitroguanylazide  with  aq  ammonia 
as  described  in  Ref  2 
Its  disodium  salt,  Na2  CN602  , mw  174.05, 

N 48.29%,  OB  to  C02  -9.2%,  OB  to  CO  0%. 
Yel  ndls,  mp-expl  violentiy  with  a bright  yei 
flash  ca  207°.  Very  sol  in  w,  si  sol  in  eth 

o.  ! o oaa*-  rC  ,r-Vi  1 f ll'i*  C hfPhH 

ot  LJCU/r  J JHOU  * XII  1 1 

by  treating  guanylazide  in  water  with  an  aq 


Na  acetate  soln(Ref  2) 

Refs:  l)Beil  — not  found  2)T. E. O’ Connor 

et  al,JSCI  68.309(1949)  & CA  44,3443(1950) 
3)W.S.McEwan  Si  M.W.Rigg, JACS  73,4726 
(1951) 


Note:  Lieber  et  al(see  next  item)  could  not 
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obtain  5-NATZ  by  duplicating  the  reaction 
of  O'  Connor,  instead  of  obtaining  the  5- 
NATZ  they  obtained  its  diammonium  salt 
[See  also  F.L. -Scott  e?  al,J  AnnlChem  2. 
379(1952] 


5-NitroaminoteTrazoie(5*NATZ)  of  Lieber 

et  al,  0,N-HN-C-NH~N,  called  by  us 

I!  II 

N N 

5* Nitramino-a-tetrazof  e,  because  N0a  is 

t t~ir\  a rl  f“  r-»  m i rt  _ OPrtim  C~^  <-s  1 Crir  rt  c“  r*» 

MIVUVUX,  U VV  w»«p«  Vh.  VI  VL  jr  V « J_/ 1 Cj 

with  an  orange  flash  at  ca  140°;  extremely 
sensitive  to  shock  and  pressure.  Its  aq  solns 
display  strong  acid  props.  Was  prepd  by  dis- 
solving with  gentle  heating  potassium  5* 

ATZ  in  1:1  hydrochloric  acid,  followed  by 
cooling  the  soln  and  separating  the  result- 
a nt  ppt  by  fi hrati on » Purification  wss  scconi- 
plished  by  dissolving  the  ppt  in  small  amt 
of  dioxane,  adding  a large  amt  of  cold  benz 
and  then  chilling  the  mixt  to  crystallize  the 
pure  5-NATZ(ftef  2),p  2328) 


Aldolcondensation  Product  of  J-Aminotetra- 

/~tj  rt.i/nu\  r~n  r~ u .v,  r~  mu  m 
jCWL  tr,  V_1  J 3*^.1  /’V112  ■ v--*  j j— j li  , 


N 


mw  155-16,  N 45-14%.  Col  Kits  or  prisms, 
mp  ca  170°;  fairly  sol  in  hot  w;  si  sol  in 
hot  ale:  insol  in  eth.  acet  & chlf.  Was  prepd 
by  heating  anhydrous  5~aminotetrazole  with 
anhydrous  freshly  distiiled(in  an  atm  of  C0a ) 
acetaldehyde  for  several  hours  on  a water 
bath 


Its  silver  salt,  AgC5  H,NS  0,  wh  expl  ppt,  was 
prepd  by  adding  to  an  ale  soln  of  the  above 
aldol  condensation  product,  the  ealed  amt  of 
AgNO,  in  ale  and  some  ale  ammonia 


When  5-ATZ  was  treated  with  freshly  re- 
distilled benzaldehyde(instead  of  acetalde- 
hyde), the  resulting  mixt  consisted  of  crysts 
explg  at  183°,  which  proved  to  be  guanyl- 


I O f#/T  'Vz-N  / V3 

. C,  l * Wk  AA/  «-  V kU  u»v 


t ,N-U 


aminotetrazole  nitrate  and  some  unreacted 
5-aminotetrazole 


P otassi um- ynitraminotetrazole , KCHNftOa  , 
mw  168.17,  N 49.98%,  was  obtained  as  al- 
most colorless  plates  on  treating  nitramino- 
guanidine  with  K nitrite  in  water,  as  de- 
scribed in  Ref  2,p  2328.  The  compd  exploded 
with  a purple  flash  when  dropped  on  a hot 

j-s  ^ r o r 220° 


Diammonium - 5-nitraminotetrazole , (NH4)2*- 
CN602 , mw  164.14,  N 63.27%,  coi  short 
ndls,  mp  220—1°.  Was  obtained  by  heating 


S _n  i rr-a  m 


ri  tU 


amrrmniii  rm  a 


steam  Hath  and  then  chilling  the  mixture. 
Another  method  of  prepn  consists  in  treating 
nitroguanylazide  with  ammonia(Ref  2,  p 2327) 


Quanidinium'^-nitTamvnatelTazale.  CH.  N.  + 

' * 3 3 

CH2N60j,  mw  189.148,  N 66.65%  was  ob- 
tained in  the  form  of  wh  platelets(which 
melted  after  purification  at  225—226°)  from 
guanidine  carbonate,  AcOH  and  nitramino- 
guanidine  as  described  in  Ref  2,p  2328 

Refs : l)Beil  — not  found  2)H. Lieber  et  al, 

JACS  73,2327-28(1951)  & CA  46,1987(1952) 
3) K. Lieber  et  al,JACS  73,2329-31(1952) 

/T  r \T c M A T7 \ ~ 

^ * iLCkzlin  UI  J-l'H  'lio  filial  lid  Ofllld; 


Refs:  l)Beil  — not  found  2)R.Stolle  & 

i r n „ TD.n Iao  11-7 

I > .lit-  11 J If.,  J < I VltVzlM  'HJ,  /.  I / ' 


ftM1,  N6-8is(a-tetroxoly(-5)]-hexazadiene  or 
N1, N6-(Ditetrazolyl-5)-hexazad{ene.  Hofmann 
& Lieber  called  it  Bisdiazotetrazolylbydra - 
zide.  Beil  names  it  i,6-Bis-[tecrazoiinyliden- 
(5)]-hexazdien  or  l,6-Oi-[tetrazolyl-(5)]- 
hexazdien.  N -N H— C-N :N  - N H • NH  • N :N— C-N  H -N 

'll  II  II  II 

N N N N 

or  N— NH-C=N*N:N-N:N-  N=C-NH~N,  mw  224.16, 

It  I I II 

_N _ NH  HN  ___  N 

N 87.49%,  OB  to  C02  -42.9%,  0B  to  CO  -28.6%. 
Lflts,  mp— expl  very  violently  ca  90°;  also  expl 
when  rubbed  with  a glass  rod  or  spatula.  This 
substance,  one  of  the  richest  in  nitrogen,  was 
prepd  by  ai azotization  of  5-ATZ,  followed  by 
treatment  with  an  aq  soln  of  hydrazine  hydro- 
chloride in  the  presence  of  Na  acetate  at  low 

temp 


r»  ^ 


i V-. 


sodium  salt,  NaC2HjNM,  yel  solid  obtained 
by  treating  the  tetrazolyl-hexazadiene  with 
cold  NaOH  soln 
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Refs:  l)Beil  26,(123-4)  2)K.  A.Hofmann 


o-  t i ^ _ A A 'Iftcl/IAI  1 \ 

Ot  u%zk  j j\x.y l L) 


■3\c*  T o* 


G.B.L.Smith,ChemRevs  25,247-8(1939) 

Addnl  Refs  on  ATZ‘  s.  Their  Salts  and  Ni- 
trated Derivatives.  a)L.Krauss,  "Uber 

b)H.Veldstra  & P.W.Wiardi,Rec  61,635— 6 
(1942)  & CA  38,3263(1944)  c)J. Reilly,  P. 
'"eegan  & M. F. Carey, Sci Proc Roy DublinSoc 
>4,349-53(1948)  & 43,1769-70(1949)  (The 
diazo  reaction  in  the  tetrazole  ring)  d)E. 
Lieber  et  alJACS  73,2329-31(1951)  & CA 


its  NH4  deriv)  e)E. Lieber  et  al.AnalChem 
23,1594  -6(1951)  & CA  46,3857(1952)  (IR 

spectra  of  compds  of  high  nitrogen  content) 
QW.S.McEwan  & M.W.Rlgg,  JACS  73,4725-7 
(1951)  & CA  46,  4350(1952)  (Heats  of  com- 
bustion of  compds  contg  the  tetrazole  ring; 


5-NATZ)  g)F.L. Scott  & J. Reilly,  Chem  & 
Ind  1952,907-8  & CA  47,6886(1953)  (Prepn 
of  5-ATZ  by  acyl  hydrazide  transformations) 
h)L.A.Burkardt  & D.W. Moore, AnalChem  24, 
1580-1(1952)  & CA  47,2010(1953)  (X-ray 
diffraction  patterns  of  29  tetrazole  derivs, 


long  thi 


— A T 7 b niJ  < 


:\p 


Lieber  et  al,  JACS  74,2684(1952)  & CA  48, 
2693-4(1954)  (Salts  of  5-NAT  prepd  by  the 
reaction  of  amines  with  nitroguanyl  azide) 
j)R.  A. Henry,  JACS  74,6303(1952)  & CA  49, 
1023(1955)  (Saks  of  5-ATZ)  k)R.M.Herbst 
& J .A. Garrison, JOC  18,941-5(1953)  & CA 

AQ  ~ f «.AT7\  t\P  A 

J umuuun  Ul  

Henry  & W.G. Finnegan, JACS  76,290—1(1954) 

& CA  49,12451  (An  improved  procedure  for 
the  deamination  of  5-ATZ)  m)Ibid,JACS  76, 
926-8(1954)  & CA  49,10940(1955)  (Prepn  and 

hydrogenation  of  azomethines  derived  from 
5-ATZ)  n)J.E. DeVries  & E. St.Clair  Gantz, 

tATQ  74  imono<:x\  a,  CA  Aft  vockmoa/O 
(Spectro photometric  studies  of  dissociation 
constants  of  tetrazole s,  triazoles  and  nitro- 
guanidines) 


C A m ■ m»aI  a D ■ w/ 


Examined  under  the  Direction  of  Professor 
L.F.Audrieth.  As  part  of  the  research  on 
compds  of  high  nitrogen  content  under 


contract  DA— 11— 022— ORD—  33  of  the  US 
Ordnance  Corps,  the  following  derivs  of 
5-ATZ  were  prepd  and  examd  at  the  Univer- 

in : : ~ aul U 

y AiiXtiuia.  iiiuivu^ii  mtov-  wuij./uli 

not  expl  they  may  be  of  value  as  components 
of  propint  compns 


a) N-(5-T  etrazolylf-urethane , 

HjC-CHj-O.CNH-C-NH-N, 

II  II  II 

0 N N 

and  its  salts  and  derivs  (Refs,  pp  25-31) 

b) 4-(5-T  ettazolylhsemicarbazide , 


li  I!  II 

0 N N 

and  its  salts  and  derivs  (Ref,  pp  31-45  & 48-49) 


c)N-(5-T etrazolyl)-carbamyl  Azide , 

N,‘C-NH.C-NH-N,  and  its  derivs(Ref,pp  46-8) 
II  II  H 

0 N N 


d)5* T etrazoly lammonium  Cyanate, 

ONCH-H, N*C-NH-N  (Ref, pp  49-56) 
II  Ij 

N N 


e) N-(5-Tetrazolyl)-ureai  H,  N-ONH— C— NH— N, 

’ II  II  H 

0 N N 

and  its  derivsf  Ref  .no  57—67  & 68—71) 

- % 'ii  ' " ' ' 

f) l-(5-Tetrazolyl)-semicarbazide , 


0 N N 


itc  H/*rivc  ( nn  7I*7M 
— - v * j rr  •”  T ' * 


g)N-Alkyl-N'  -(S-tetrazolyl)ureas  and  N,N- 

AP  •/*  / oirfi  jFr\  l\i1  \t/T& n <r  r>  r>  7^ 7C1) 

" ~ ■*  ' >■  \ j r r r ' w 


h)l~Qctadecyl-5-octadecyl-aminotetrazolei 
(CisH37)HN-C“N(CiSH37Hn  (RefFi  pp  79-61) 

H ii 

N N 

Ref : L.F.Audrieth  & J.W. Currier,  "Deriva- 
tives of  5-Aminotetrazole’  * , Rept  of  the 
Univ  of  Illinois,  Urbana, 111, June  15,1954 

Aminptetrqzole  Substituted  D»r ivnti yes_ 

Many  substituted  alkyl-,  dialkyl-,  aryl-, 
alkylaryl-,  etc  compds  are  described  in  the 
literature,  for  instance,  melbylaminotetr azole, 
which  is  described  as  5-amino- 1-methyl-a- 
tetrazole » Other  substituted  5-aminotetrazoies, 
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such  as  ethyl-,  ethylmethyl-,  propyl-,  iso- 
propyl-, dimethyl-,  diethyl,  etc  are  de- 
scribed by  R.M.Herbst,  C.W.Roberts  & E.J. 
HarviliJOC  16,139-49(1951)  & CA  45, 
6629(1951) 

Addnl  Refs  on  ATZ  Substituted  Compounds 
a)J.vanBrsun  & W.Keller,Ber  65,1677-80 
(1932)  (Syntheses  of  some  derivs  of  tetra- 
zole)  b)W.G. Finnegan,  R, A. Henry  & E. 
LieberJOC  18,779-91(1953)  & CA  48, 
7005—7(1954)  (Prepn  and  isomerization  of 
5-alkylaminatetrazoles)  c)W.Garbreche  & 
R.M.Herbst, JOC  18,1003-13(1953X21  refs) 

& CA  48,8224—5(1954)  (Synthesis  of  cer- 
tain 5-ATZ  derivs)  d)Ibid,JOC  18,1014- 
21(1953)  (21  refs)  & CA  48,8224(1954) 

(Synthesis  of  1-substituted  5-ATZ' s)  e) 

Ibid, JOC  18,1022-29(1953)  (12  refs)  & CA 
48,8225—6(1954)  (Synthesis  of  5“ rnon oalky  1- 
aminotetrazoles)  f)Ibid,JOC  18,1269-^82 
(1953)  (21  refs)  & CA  48,12092-3(1954) 
(Rearrangement  of  certain  monosubstituted 
5-ATZ  derivs)  g)Ibid,JOC  18,1283-91 
(13  refs)  & CA  48,12093(1954)  (Acylation  of 
some  5-ATZ  derivs)  h)R.A.Henry,W.G. 

Finnegan  & E.LieberJACS  76,88-93(1954) 

& CA  49,2427(1955)  (Thermal  isomerization 
of  substituted  5-ATZ’ s)  i)Ibid  76,923-6 
(1954)  & CA  49,10939-40(1955)  (Monoalkyl- 
ation of  sodium  5-ATZ  in  aq  medium)  j) 
IbidJACS  76,2894-8(1954)  & CA  49,10274 
(1955)  (Dialkyl  derivs  of  5-ATZ)  k)D.W. 

Moore  & L. A.  Burkardt,  AnalChem  26,1917— 
20(1954)  & CA  49,4364(1955)  (X-ray  powder 
diffraction  patterns  of  some  tetrazole  de- 
rivs) l)P.Rochli  n,D.B. Murphy  & S.  Helf, 

JACS  76,1451-3(1954)  & CA  49,3950-1 
(1955)  (Some  properties  of  5-ATZ  substituted 
derivs)  m)D,B. Murphy  Si  J.P. Picard, JOC 
19,1807-14(1954)  & CA  49,15879(1955) 

(Studies  of  tautomerism  in  5-ATZ  and  its 
derivs  by  means  of  L)V  and  IR  absorption 
spectra)  n)R. A. Henry ,W.M. Finnegan  Si  E. 

LieberJACS  77,2264-70(1955)  & CA  50, 

2556— 8(1956)  (Kinetics  of  the  isomerization 
of  substituted  5-ATZ’ s) 

m- Aminotetryl  or  2,4,6-Tinitro-3-methyl- 
nitram  ino-anil  in  e.  See  Methylaminoaniline 
and  Derivatives 


AM1N0THIADI  AZOLE 
AND  DERIVATIVES 

2-Amino-l,3,4-thiadi azole  or  2-lm ino-1,3,4* 
thiddi azoline,  called  by  Freund  'Traidothio- 
biazolin”  , HC-S-C-NH.  or  HC-S-C:NH. 

II  II  li  I 

N N N NH 

Col  crysts,  mp  191—4°;  easily  sol  in  hot  w 
& in  ale;  insol  in  eth,  benz  Si  chlf.  Was 
prepd  by  treating  with  aq  NaOH  the  hydro- 
chloride of  aminothiadiazole(ndls,  mp  149— 

50°)  which  was  prepd  by  prolonged  treat- 
ment of  1-formyl-thio-seraicarbazide  with  an 
excess  of  acetyl  chloride  at  RT(Ref  2).  If 
the  last  reaction  was  conducted  under  pres- 
sure, acetylaminothiadiazole  was  obtained 

Refs:  l)Beil  27,624  & [687]  2)M. Freund  & 

C.Meinecke, Ber  29,2515(1896)  3)R.Stolle  & 
K.Fehrenbach,JPraktChem  122,296—7(1929) 

Note:  Several  later  refs  are  given  in  CA 

Azido amino thiodiazole,  C2H2NaS  — not  found 
in  Beil  or  CA  through  1956 

2'Nitrosamino-l,3,4-thiadiazole,  called  by 
Freund  "Nitrosoimidothiobiazolin”  , 

C2H2N4OS,  mw  130.13,  N 43.06%.  Yel  crysts, 
mp  220°(dec).  Was  prepd  by  treating  2-amino- 
1,3,4-thiadiazoIe  hydrochloride  with  aq  Na 
nitrate  while  cooling 

Refs:  l)Beil  27,625  2)M. Freund  & C.Meinecke, 

Ber  29,2515(1896)  3)M.Kanaoka, JPharmSoc 
Japan  75,11490954)  & CA  50,5647(1956) 

5-Azido>2-nitrosomino-  1,3,4-thiadiazole  or 
5-  Azido  -2-nitrosimino-1,3,4-thiadi  azoline, 

N$C-S-C*NH*NO  or  N,*C-S-C:N*  NO,  mw  171.15, 

H II  II  | 

N — N N NH 

N 57.29%*  Dk  brn  ppt  which  expl  violently  ca 
150°,  si  sol  in  w,  eth  and  hot  ale.  Was  prepd 
by  treating  5-hydrazino-2-amino-l,3,4-thiadi- 
azole-dihydrochloride  with  aq  Na  nitrate  sol. 
at  0° 

Refs:  l)Beil  27, [688]  2)R.Stoile  & K.Fehren- 

bachJPraktChem  122,301(1929) 

5-Nitro-2-Amino-  1,3,4-thiadiazole, C2  H2  N402  S, 
mw  146.13,  N 38.34%.  Crysts,  mp  178°.  Was 
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prepd  by  nitrating  2-amino-l,3,4-thiadiazole 
with  fuming  nitric  acid  at  40° 

Refs:  l)Beil  — not  found  2)E.B.Towne  & 

J.B.Dickey/USP  2,708,671(1955)  & CA  49, 
15252(1955) 

2-Nitramino-1,3,4-thiadiazole,  Cf  H4N403  S, 
crysts,  mp  177°.  Was  prepd  by  nitrating 
with  coned  HNOs  the  2-amino-l,3,4-thiadi- 
azole  dissolved  in  coned  H3S04 

Refs:  l)Beil  — not  found  2)M.Kanaoka, 

JPharmSocJapan  75,1149(1955)  & CA  50, 
5647(1956) 

Note:  Apparently  the  last  two  derivs  of 
2-amino-l,3,4*thiadiazole  are  identical 

AMINO  THIAZOLES  AND  DERIVATIVES 

2-Aminothiazoles,  called  in  Beil  Tbiazolon - 
(2)-imid%  HC-S-CNH.  or  HC~S-C:NH, 

I!  II  II  I 

HC, — N HC NH 

mw  100.14,  N 27.97%.  Yel  crysts,  mp  90- 
92°;  easily  sol  in  hot  w;  diff  sol  in  ale  & 
eth.  Can  be  prepd  by  refluxing  aq  suspension 
of  thiourea  and  chloroacetaldehyde  alcohol 
until  the  oily  layer  was  no  longer  turbid 
(Refs  2 & 3) 

Moran  & Morrow  obtained  a col  cryst  per- 
chlorate when  they  added  aminothiazole  to 
20%  perchloric  acid.  When  its  soln,  cooled 
to  0°,  was  treated  with  ethyl  nitrite  in  view 
to  obtain  diazonium  perchlorate  and  then 
stirred,  a sharp  expln  occurred  and  the  crack- 
ing detonation  was  repeated  at  short  inter- 
vals, even  when  the  soln  was  allowed  to  re- 
main unstirred  in  contact  with  fragments  of 
ice.  On  account  of  these  expins  and  because 
of  its  great  soly,  no  attempts  were  made  to 
isolate  the  diazonium  perchlorate.  When  gold 
chloride  was  cautiously  added  to  the  above 
soln,  an  orange  ppt  was  obtained.  It  was 
collected,  washed  with  a little  ice  water  and 
dried  on  a porous  plate  in  a desiccator  over 
KOH.  The  partly  dried  material  was  somewhat 
expl,  owing  either  to  co-pptd  diazonium  per- 
chlorate of  to  adherent  perchloric  acid 
Note:  The  prefixes  Aminothia  and  Aminothio 
in  the  compds  on  pp  262-4  are  interchangeable 


Refs:  l)Beil  27,(263)  & [205]  2)V.Trau- 

mann,Ann  249,35—6(1888)  3)G.T.  Morgan  & 

G.  V. Morrow,  JCS  107,1293-5(1915) 

Note:  Later  refs  are  given  in  CA' s 

Azidoaminothiazole y CjHjNsS  — not  found  in 
Beil  or  CA  throu^i  1956 

2-Amino-5-ni1irothiazole  or  Enheptin, 

CLN-C-S-CNH*,  mw  145.14,  N 28.95%. 

i!  II 

CH_N 

Solid,  mp  197-8°(decomp).  Can  be  prepd  by 
refluxing  a soln  of  2-acetaraido-5-nitrothia- 
zole  in  aq  H3S04  for  1 hr,  followed  by  cool- 
ing and  treatment  with  phosphoric  acid(Refs 
2 & 3)  or  by  nitrating  2-aminothiazole  with 
mixed  nitric- sulfuric  acids(Ref  4) 

Refs:  l)Beil  — not  found  2)H.L.Hubbard, 

USP  2,753,641(1951)  & CA  46,3573(1952) 

3) G.W.Steahly,USP1  s 2,573,656  & 2,573,657 
(1951)  & CA  46,3573(1952)  4)J.B.Dickey, 
et  al,JOC  20,505(1955)  & CA  50,4128(1956) 

2-Nitramino-S-nitrothiazole  O,  N*C-S-C*NHN03 

II  II 

HC  — N 

or  0,N-C-S-C:N.NO. , mw  190.14,  N 29-47%. 

II  II 

HC — NH 

Crysts,  mp-explodes  at  162-7°.  Was  prepd 
by  treating  a sulfuric  acid  soln  of  2-amino- 
thiazole with  90-95%  nitric  acid  mixed  with 
coned  sulfuric  acid.  Abs  ale  was  added 
drop  wise  to  destroy  the  excess  of  nitric  acid 
(Ref  3)  (See  also  Ref  2) 

Refs:  l)Beil  — not  found  2)H.von  Babo  & 

& B.Prijs,Helv  33,306(1950)  & CA  44,5872 
(1950)  3)S.J.Viron  & A.Taurins,Can JChem 
31,887  & 890(1953)  & CA  49,2423(1955) 

4) J.B. Dickey  et  al,JOC  20,504— 5(1955)  & 

CA  50,4128(1956) 

2-Nitramino-dmitrothiazole , C,HNS  04S  — was 
not  found  in  Beil  or  in  CA  through  1956 

2-Nitrami no-3, 4#  5-tr  in  itro-thiaxol  one  or  2- 

Nitrimino-3 ,4, 5*tMnitro-4«*hi  azoline, 

0,N-C-S-C:N'NO,,  mw  280.14,  N 30.03%. 

II  I 

O2NC_-N-N0, 
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Wh  crysts,  mp  121—3°  with  violent  decompn. 
Was  nreod  bv  nitrating  2-nitramino-5-nitro- 

r ' _ i o ' ^ 

thiazole  with  99—100%  nitric  acid  in  the 
presence  of  acetic  anhydride  and  glacial 
acetic  acid.  The  crude  product  must  be  well 
washed  or  it  becomes  gummy  and  explodes. 
(See  also  AiBinome chyithiazoie  and  Deriva- 
tives) 


Re/s:  l)Bei!  — not  found  2)S.J.Viron  & 

A.Taurins,CanJRes  31,887(formula  VI ) & 


Addnl  Refs  on  Am inothi azoles  and  Derivs: 
a)K.Ganapathi  & A.Venkataram,ProcIndian 
AcadSci  22A, 343-61(1946)  & CA  40,4056- 

co/i if 

jyyiy*- WJ  Vl  ;-amuiu-  auu  ^-aiuiuv;- 

thiazole  derivs)  b)I.V, BaIIavita,AnnChim- 
Appl  38,449-55(1948)  & CA  44,154(1950) 
(Prepn  of  some  aminothiazole  derivs)  c) 

J.B. Dickey  & E.B.Towne,USP’ s 2,659,719 
(1953)  & 2,683,708-9(1954);  CA  49,1335  & 
1336-7(1955)  (2-amino-5-nicrothiazole  dyes) 

J\C  X>  X I D UL..  a.  17  r~ 1t5l J 

L»y  ol  i j i naiui  auu 

Pharmacol  7,112-17(1955)  & CA  50,964 
(1956)  (Some  aminothiazols)  e)J, B. Dickey , 
E.B.Towne  & G.F. Wright ,JOC  20,499-510 
(1955)  & CA  50,4128— 9(1955)  (Nitration  of 
2-aminothiazoies)  Dickey  & E.B.Towne, 

DSP  2,730,523(1956)  & CA  50,7467(1956) 


In. 


.„  o 11.,,  1 — : ^ -.^1 

. _ _ iuuia4n.jr  j 


-5-nitrothiazoles|  g)J.B. Dickey  & E.B.Towne, 
USP  2.746.953(1956)  & CA  50,15093(1956) 
(5-nitroehiazolylazoaniline  compds) 


A™lr> — 1 2 .f.  * A VnsSVs*  01  c. 

AminojZ-mercapto-l^^-d^iadiazole 


3- Aminom,!>‘thioi-l,2,4‘thiadiazoie.  See  5* 
Amino,2-me  rcapto-1 ,3,4-thiadiazole 

5~Amino*vic{ or  l,2,3,4)~tbiotriazole[l.2.3A- 
Thiotriazolon-(5)-imid  or  5-Imino-l. 2.3-4- 
thiotriazoiin,  in  Ger]  (Caiiedby  Freund 
"Amido-Thiazsulfol”  ) 

H.NNG  — N HM:r NH 

I i 0f  I I 

S— N = N S-N  — N 

i,iv.  102.12,  N 54.87%,  OB  10  C02  and  SG2 
-78.3%,  OB  to  CO  and  S02  -62.7%.  Ndls 

(fro  m eth).  Dri  sms  (from  MeOH+ethV  mr»  defor 

• --1  , . » - r - - o'" 


at  128—130°.  Sol  in  warm  ale,  AcOH,  ethyl 
acet  & aniline;  more  diff  sol  in  chlf  & CS2 ; 
in  sol  in  benz;  decomp  by  boiling  w.  Was 
prepd  by  treating  thiosemicarbazide  hydro- 
chloride with  an  aq  soin  of  NaOH  in  the  cold 

It  forms  salts,  some  of  them  expl,  eg, 
CH2N4S+HC1,  crysts,  defgrg  at  96° 

Refs:  l)Beil  27,781  2)W. Freund  & A. 

Schander, Ber  29,2502-2505(1896) 

mu*  C*  *1  11IS  CO!!*  p(l  g o I ran  fjy  f AF  gwg  f 

60  years,  was  recently  described  in  the  con- 
fidential Rept  of  the  Naugatuck  Chem  Div, 
US  Rubber  Co,  Progress  Rept  Mar  15— Apr 
15,1949(Nord  10, 121), 788.  This  rept  was  not 
used  here  as  a source  of  information 


AM ! NOT  HIATR!  AZOLE 
AND  DERIVATIVES 


5-Ami  no- 1,2,3, 4-thiotri  azole,  called  in  tieii 
1. 2.3.4-Tbiot riazolon-(5)-imid  or  5-lmino- 

19  3 4 2%  1 #1  i li  w*n*yr\  1 an^  kir  Dl  atrari^M^n. 

1,4><  WJ  \/**  I V4« 

dala  "Thiocarbamidsaureazid*  ',H,  N-C-S-N 

I!  II 

xi 

or  HN:C-S-N,  mw  102.12,  N 54.87%.  Crysts, 

! !! 

HN — N 


mp— expl  ca  128—30°;  sol  in  warm  ale,  AcOH, 
ethyl  acetate  & aniline;  more  diff  sol  in  chlf 
& CS2 ; insol  in  benz;  decompd  on  boiling  in 

1 J L..  ^ * J - — 

w , v^dii  lic:  pitpu  \jy  ueauug  *»  v. uvtv kj  asj  oviu 

of  thiosemicarbazide  hydrochloride  with  aq 
NaNO.  soln 


Its  hydrochloride,  CHaN4S + HC1  expl  at  96° 


Refs:  l)Beil  27,781  2)M. Freund  & A.Schan- 

der,Ber  29,2502(1896)  3)E.OIiveri-Mandala, 
Gazz  441,672(1914) 

Nitrosaminothiotriazole,  CHN.OS  and  Nitramino- 
tbtotriazole,  CHN502S  — not  found  in  Beil  or 
CA  through  1956 


AM1NOTOLUENES  AND  DERIVATIVES 

Aminotoluenes,  Aminotoluols,  Aminomeihyl- 

L :ij rr  _ >. . f _♦ ... 

vtfu.efiea,  jtj k iw) lunniJiiz  1 uiyi urn  trie S or 
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Toluidine  s,  CHj«C6H4*NH2  , are  described  in 

n .*  1 1 r>e  o r\nn  /m  1 r>~7  4 l A o.  T X’lft 

Dtrn  ix,  / / z,  o;;,oou,u  / ck  L*t ±yi 

463,482] 


Azidoaminotoluene,  C7H,N4  and  Diazidoamino - 
toluene,  C,H7N7  - not  found  in  Beil  or  CA 


/vk  1 

UlU/ugll  Jl/^V 


Mononiironmiwo/o/wenes,  CHj*C8H,(N02  )-NH2  , 
ran  152.15,  N 18.41%,  are  described  in  Beii 
12,843-4,846,  848,  876-7,996,1000,(392, 


aox_<:  ^nQ  /<ao_ON  k,  ["/sQ_Afl  A7&  ^34—^1 


Nitraminotoluenes,  CHsCaH4‘NHN0a , are  de- 
scribed in  Beii  16,67.0  Si  672 


Nitronitr  amino  toluenes,  CHj*C6H}(N02  ),NHN02  , 
mn  197.15,  N 21.32%,  are  described  in  Beil 
12,848,1000,1006  and  16,671-2 


Dinitroam  inotoluenes , CHj-CeH2  (N02  )2  *NH2  , 
mw  197.15,  N 21.32%,  are  described  in  Beil 
12,851-2,878-9,1009,(396,409,442)  & [462-3, 
479-80,482,537-9] 


Dinitronitraminotoluenes,  CHS*C8H2  (N02  )2— 
NHNOa,  mw  242.15,  N 23.14%,  OB  to  C02 
-72.7%,  OB  to  CO  -26.4%.  The  following 
isomers  are  described  in  the  literature: 


3.5- Dinitro,2-mtraminotoluene  or  4,6-Dinitio, 
2-methyl-ph®nylnttramine,HC=C(CHj)-ONH(N02 ). 

L II 

02N-C=CH C*N02 

Yel  crysts(from  benz).  mp  92°,  defer  violently 
when  heated  above  its  mp.  Easily  sol  in  ale, 
eth  & benz.  Can  be  prepd  by  treating  6-amino- 
toluene  sulfonic  acid  with  nitric  acid(d  1,51) 
at  -10°  to  0°.  It  forms  salts,  such  as  AgC7 

vv  \t  /%  __  i n _ /r*  r l -u  \ 

flsiN4u*  ail  a Da^7nsi^u6;2 

Refs:  l)Beil  16,671  2)T.Zincke  & P.Malko- 

mesius,Ann  339,219(1905) 

3.5- Dinitro*4-nitraminotoluene  or  2,6-Dinitro- 
4-meth  yl-phenyl  nit  rami  ne, 

HC=C(CH,) CH 


02N'C=C-NH(N02  J-C'NOj . Col  crysts,  mp 

1 r,f  TTjVw^fi  aKnu^  ire  mh.  PflSllv 

AVI  f '*’-*6*  " *■'-  “ — rr / 

sol  in  w;  very  sol  in  org  solvents,  except  benz. 


Can  be  prepd  by  treating  4-aminotoluene- 
sulfonic  acid  with  nitric  acid(d  I=48)  at  — 5°- 
^orms  salts,  such  as  AgC7H5N406 

n / i \ r,  * t 1 / i-wnr  rr ? _ _1__  a.  A 

Kefs:  jjoen  io,o/z  <x 

Kuchenbecker,Ann  339,230(1905) 

Trinitroaminotoiuenes,  CH,*C6H(N02  ),*NH2 , 
mw  242.15,  N 23.14%,  OB  to  C02  -72.7%, 
OB  to  CO  -26.4%.  The  following  isomer  is 
described  in  the  literature: 


2,4,6-Trinitro-3-ominotoluene  or  2,4,6- 
Trinitro-3-methyl-aniline,  02N*C=C(CHS)-ON02 . 

i it' 


I II 

HC=C(N02  )-ONH3 

Yel  prismsffrom  ale),  mp  136—138°:  easily 
sol  in  ale  & eth;  sol  in  aq  so  Ins  of  NaOH  & 
Ba(0H)2  and  in  NH,.  Can  be  prepd  by  treating 
2, 4 ,6-trinitro,  3-ethoxy -toluene  with  ale  NHS  at 
ord  temp(Ref  2)  or  by  other  methods  listed  in 


! xpl  props 


Refs : l)Beil  12,879  & 409  2)E.Noelting  & 

E.  van  Salis,Ber  15,1864(1882)  3)J*J.I31anksma, 
Rec  21,332(1902) 

Note:  No  other  isomers  of  trinitroaminotoiuenes 
and  no  higher  nitrated  derivs  were  found  in 
Beii  or  CA  through  1936 


AMINOTOLYLTETRAZOLES 
AND  DERIVATIVES 


A j _ F.L  7 _ _ 'J-  « 

u;  i uiyitvifUAuivnttuiuiza 

(Cf  with  Tolylaminotecrazoles),  C6H9N5 , mw 
175.19,  N 39.98%.  The  following  isomers  are 
described  in  the  literature: 

f A m in  n- 

* ✓ ' r — - j ~ - - — ' — -■-»  f’ 

(l)-p-tolyl-(5>tetrazol,  in  Ger] 

(p-CHj-QHj-  C-N(NHa)-N. 


N 


.N 


Long  ndls,  mp  14i“,  decomp  at  higher  temps; 
si  sol  in  cold  w,  fairly  sol  in  hot  w,  mod- 
erately sol  in  eth,  sol  in  ale  & acet.  Can 
be  prepd  by  heating  l-p-tolyal-amino-5- 
(p-tolyl)-tetrazole, 

/~u  r u \_r_wrw  .nui^-Tu  r'  u \1_M 


N. 


■ N 


with  30%  hydrochloric  acid  (Ref  2) 
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Although  not  known  as  an  expl,  1-ATTZ  may 
serve  as  the  starting  material  for  the  prepn 
of  derivs,  some  of  them  expl(see  below) 

Refs:  l)BeiI  26  — not  found  2)R.StolIe 

et  alJPrChem  138,2  & 6-7(1933) 

2-  Am  ino-5-tolyl - /3( or  2H )~ tetrazo  le, 
(CH3-C6H4)-C=N-N-NH2  — not  found  in  Beil 

li 

N N 

or  CA  through  1956 

5‘Amino-2-tolyl-fi(or  2H  ytetrazole, 
HjN-C=N-N(CH,C6H,)  - not  found  in  Beil 

I I 

N=N 

or  CA  through  1956 

5- Amino-  l-(o-tolyl)-a (or  lH)-tetrazo I e# 

HjN-C-N (o— CHj-C6H4)-N.  Crysts,  mp  191—2°. 

I!  I! 

N N 

Was  prepd  by  cyclization  of  a substituted 
guanylazide  as  described  in  Refs  2 & 3-  Its 
rate  of  isomerization  is  given  in  Ref  4.  Rela- 
tive basicities  are  given  in  Ref  4 
Refs:  l)Deil  — not  found  2)W.H. Finnegan 

et  al,JOC  18,788(1953)  3)R.A.Henry  et  al, 
JACS  76,92(1954)  4)R.A.Henry  et  alJACS 
77,2265(1955)  5)P.Rochlin,D. B.Murphy  & 
S.Helf.J ACS  76,1453(1954) 

5- Amino- l-(m-tolyl)-a (or  lH)-tetraxole , 
HjN-C-NOn-CHj-Cgll^N.  Crysts,  mp  l62-3°- 

II  II 

N N 

Was  prepd  by  cyclization  of  a substituted 
guanylazide  as  described  in  Ref  2.  Its  thermal 
isomerization  is  discussed  in  Ref  2 and  the 
race  of  isomerization  is  given  in  Ref  3,  Rela- 
tive basicities  are  given  in  Ref  4 
Refs:  l)Beil  — not  found  2)R.A.Henry  et 

alJACS  76,92(1954)  3)R.A.Henry  et  al, 

JACS  77,2265(1955)  4)P.Rochlin,D.B.Murphy 
& S.Helf, J ACS  76,1453(1954) 

5- Am  ino-  l-(p-tolyl)-a  (or  1H)-tetrazol  e, 

H1N-C-N(p"CHJ- C6H4)-N.  Col  crysts,  mp 

il  II 

N N 

175.5-177°;  easily  sol  in  hot  ale,  diff  sol  in 


hot  w,  very  diff  sol  in  eth.  Was  prepd  by 
Stolle(Ref  2)  on  treating  p-tolylthiourea  with 
Pb  monoxide  and  Na  azide  in  hot  ale.  Henry 
et  al(Ref  3)  prepd  it  by  cyclization  of  a sub- 
stituted guanylazide.  Its  race  of  isomerization 
is  given  in  Ref  4 

Refs:  l)Bei!  26, [2493  2)R.Stolle,Ber  55, 
1295(1922)  3 )R- A. Henry, JACS  76,92(1954) 

4)R.  A.  Henry  JACS  77,2265(1955) 

Azidoamino tolyltetr azole , CeH,Nt  and  Diazida- 
aminotolyltetrazole , C9H7Nlt  - not  found  in 
Beil  or  CA  through  1956 

1,  l-(N-Dichloramino)-5-(p*toIyl)-a  (or  1H)- 
tetrarolc(p-CHJ*  C6H4)-C-N(NC14  )-N,  raw 

II  II 

N N 

244.09,  N 28.69%.  Crysts,  mp-expl.  Can  be 
prepd  by  treating  I-amino,  5-phenyl-flt-tetrazole 
with  an  aq  soln  of  bypochlorous  acid(which 
can  be  prepd  by  passing  chlorine  gas  through 
an  aq  soln  of  Na2C09) 

It  should  be  noted  that  the  dichloraraino 
compd  is  a very  violent  and  extremely  sensi- 
tive expl.  It  expl  even  when  in  the  wet  condi- 
tion on  being  touched  with  a spatula  or  with 
the  fingers 

Refs:  l)Beil  - not  found  2)R.StolIe,  et  al,  J 
PraktChem  138, 2, 7& 8(1933)  &CA  27,4798(1933) 

1,1*  -Azo-5,5*  -Jifp-tolyO-tetTazole, 

(P-CH,C6H4>C N-N  :N-N C.(p-CHSC9H4), 

II  i I II 

N-N=N  N=N-N 

mw  346.35,  N 40.44%,  OB  to  C02  -180.2%,  OB 
to  CO  -106. 3%*  Lc  yel  ndls,  explg  violently  on 
heating  or  on  impact;  insol  in  w,  si  sol  in  MeOH 
& acet;  sol  in  benz(decomp  on  standing).  Was 
prepd  by  treating  dichloraminotolyltetrazole 
(see  above)  with  an  aq  soln  of  KI,  followed  by 
addn  of  thiosulfate  to  remove  the  iodine 

This  compd  is  very  unusual  as  it  contains 
ten  nitrogen  atoms  linked  together  in  a chain 
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Refs:  l)Beil  — not  found  2)R.StoIle  et  al, 

JPrChem  138,2  & 7-8,  C A 27,4798(1933) 

Nitro-  and/or  Nitroso- Derivatives  of  Amino~ 
tolyltetr azoles  were  not  found  in  Beil  or  CA 
through  1956 

AMIN0TRIAZ1NES  AND  DERIVATIVES 

Aminotriazines  or  Iminodibydrotriazines, 
CjH4N4,  raw  96.09,  N 58,31%.  The  following 
isomers  of  these  high  nitrogen  compds  are 
described  in  the  literature: 

2- Amino- symfor  l,3,5btriazine , 

HC=N C-NHj  or  HC=N C:NH. 

I II  I I 

N=CH-N  N=CH-NH 

Ndls  decomg  ca  228°(Ref2)  or224°(Ref  4).  Was 
first  obtained  in  a small  amt  by  Diels  and 
called  "Monoaminocyanurwasserstoff’  ’(Ref 

2) .  In  the  method  patented  in  GtBritain  (Ref 

3) ,  the  2-amino-s-triazine  was  produced  by 
heating  for  my  lguanidine  with  HCONH2  in 

the  presence  of  an  alkali  metal  hydroxide  such 
as  NaOH  at  160°  until  the  mixt  became  wholly 
liq.  The  liq  was  then  distilled  at  250° 

Refs:  l)Beil  26.  152  2)O.Die Is, Ber  32,696 

(1899)  3)J- P. English  & J.H  Paden,BritP 

566,993(1945)  & CA  41,1716(1947)  4)R.Hirt 
et  al,Helv  33,1365(1950)  & CA  46,120(1952) 

3'Amino-osym(or  l,2,4)-triazi  ne,HC=N-N 

I II 

hc-n-c-nh3 

Wh  ndls,  mp  171.5-172.5°;  sol  in  w.  Was 
prepd  by  adding  an  aq  so  In  of  glyoxal  to  an 
aq  suspension  of  aminoguanidine  bicarbon- 
ate, as  described  in  Ref  2-  Relative 
basicities  are  given  in  Ref  5 
Refs:  l)Beil  — not  found  2)J.G. Erickson, 

JACS  74,4706(1952)  & CA  48,8224(1954) 
3)P.Rochlin,  D.B. Murphy  & S.  Helf,jACS 
76,1452(1954)  & CA  49,3951(1955)  (Some 
properties  of  3-amino-as-triazine)  4)J.G. 
Erickson,  The  1,2,3-  and  1,2,4-Triazines, 
Tetrazines  and  Pentazines,  Interscience, 
NY(1956),p  54  5)P.Rochlin,  D.B. Murphy 
& S.HelfJACS  76,1453(1954) 


Addnl  Refs  on  Aminotriazines:  a)C.Grund- 

mann  et  al,ChemBer  87,23(1954)  & CA  49, 
6277(1955)  (Prepn  and  props  of  2-amino- 
1,3,5-triazine)  b)R.C.Hirt  & R.G.Schmitt, 
jChemPhys  23,600(1955)  & CA  49,10058 
(1955)  (UV  absorption  spectra  of  amino-as- 
triazines)  c)L.Paoloni,Gazz  84,735(1954) 

& CA  50,1039-40(1956)  (Monoamino-,  di- 
amino- and  triaminotriazines) 

Nitrated  and/or  Nitrited  Aminotriazines  were 
not  found  in  Beil  or  CA  thru  1956 

Azidoaminotriazine,  CjH3N7  — not  found  in 
Beil  or  CA  through  1956 

Nitro - and  Nitroso - derivs  — not  found  in 
Beil  or  CA  through  1956 

6- Amino-2, 4- sym-triazinediol.  Same  as  Am- 
melide 

AMINOTRI AZOLES  AND  DERIVATIVES 

Aminotriazoles,  C2H4N4,  mw  84.08,  N 66.64%, 

OB  to  COa  -114.2%,  OB  to  CO  -76.1%.  The 
following  aminotriazole  isomers  are  theoreti- 
cally possible:  a)l-amino-a-vic(or  1H-1,2,3)- 

triazole  b)2-amino-/3-vic(or  2H-l,2,3)-triazole 
c)4-amino-a-vic(or  1H-1 ,2,3)-triazole  d)5- 
ani ino-a-vic(or  lH-l,2,3)-wiazoIe  e)2-amino- 
/3-as(or  2H-l,2,4)-triazole  f)3-amino-a-as(or 
!H-l,2,4)-triazoIe(also  called  5-amino-2H- 
1,2,4-triazole  or  5*amino-3H-l,3,4-triazole)  and 
g)4-am  ino-/3-as  (2H-l,2,4)-triazole 
No  description  was  found  in  the  literature  for 
compounds  b),  c),  d)  or  e) 

Among  the  nitrated  and/or  nitrited  derivatives 
only  3-amino-a-as(or  1H-1 ,2,4)-triazole  nitrate 
and  3-nitramino-a-as(or  1H-1 ,2,4)-triazole  were 
found  in  the  literature 

1-Amino-a-vic-triozole  or  1- Amino-lH-I,2,3- 

tri azole[l.2.3-Triazolon-(l)-imid,  in  Ger](Called 
in  Ber  ’’N-Amino-osotriazol’ ’ ),HC— N(NHa  )— N. 

II  II 

HC .N 

Crysts,  mp  51°;  decomp  explosively  with  a sharp 
report  at  higher  temps.  Was  prepd  by  von  Pach- 
mann  by  heating  a mixt  of  1-benzamino-vie-triazole 
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with  dil  HC1  in  a sealed  tube  at  90—100° 
(Ref  2).  The  constitution  of  his  ' 'aminooso- 
triazole'  ’ was  established  by  StolIe(Refs  3 
& 4).  It  forms  salts,  some  of  them  expl,  eg, 
the  picrate,  which  melts  with  decompn  ca 
130°  and  then  defgr(Ref  2) 

Refs:  l)Beil  26,12  2)H.von  Pechmann  & 

W. Bauer, Ber  42,669(1909)  3)R.StoIle,Ber 
59,1742(1926)  4)J.G. Erickson  et  al,  ''The 

1,2,3*  and  1,2,4'Ttiazines,  Tetrazines  and 
Pentazines*  * , Interscien  ce,NY(1956),  154 

3-Amino-a-syro-tri  azol  e ; 3-Amino-lH-1,2,4- 

triozole  or  5-Amino-2H-  1,2,4-triazol  e[l  .2.4- 

Triazolon-(3)-imid,  in  Ger]  (Called  by  Thiele 
’ ‘Amidotriazol’  * ),  HC-NH-N 

II  II 

N C-NHj 

HC-NH-NH  or  HaN-C-N-NH.  This  compd 

HI  1 ! 

N CNH  N— CH 

is  manufd  by  the  Fairmont  Co(Ref  5)  under 
the  name  Amino-  l,3,4'tr^azole,  Yel  crysts, 
mp  159b(Ref  2),  156— 7° (Ref  4)  or  156-9° 
(Ref  5);  sublimes  and  partially  decomp  at 
higher  temps.  Sol  in  w,  ale  or  chlf;  very  si 
sol  in  acetic  ester  and  nearly  insol  in  acet 
or  eth(Refs  1 & 2).  Its  is  343.10  kcal/ 

mol  and  Q J -18.3  kcal/mol(Ref  4).  Accord- 
ing to  Ref  2b,  its  power  is  low  and  FI  = 72% 
PA.  Was  first  prepd  by  evaporating  a so  In  of 
formy laminoguanidine  nitrate  with  soda  on  a 
water  bath  (Ref  2) 

HC-HN_  BN  + 2HNO,  + Na2CO, — * 

II  i 

O HN=C-NHa 

2NaNOj  -t  C02  + 2H.0  + I1C-NH-N 

II  II 

N C*NHa 

This  and  some  other  methods  of  prepn  are 
listed  in  Ref  1 

In  Ref  3 is  given  a detailed  description 
of  a method  of  prepn  from  for  my  laminoguani- 
dine sulfate  and  soda  soln.  Rathsburg(Ref 
2a)  paten  ted  its  use  in  primers,  detonators, 
etc 


The  silver  salt  of  3-amino-a-sym-triazole 
is  a weak  expl(Ref  2) 

Note : The  amino  triazole  examined  by  Will- 
iams et  al(Ref  4)  was  obtained  from  the 
Fairmont  Chemical  Co.  This  material  was 
purified  by  dissolving  in  dioxane,  decoloriz- 
ing  by  charcoal  and  recrystallizing  3 times 
from  dioxane 

Re/s:  l)Beil  26,137,(38)  & [76]  2)J. Thiele 

81  W.Manchot.Ann  303,46-7(1898)  2a)H. 
Rathsburg,BritP  185,555(1921) & CA  17, 
1147(1923)  2b)A.H.Blatt  & F.C. Whitmore, 
OSRD  1085(1942)  3)Org Synth  26(1946), 

11  or  CollVol  3(1955), 95  4)M.M. Williams 
et  al,JPhChem  61,264  & 266(1957)  5)F. 
von  Hessert,  Fairmont  Chemical  Co,  Newark, 
NJ;  private  communication  Nov  18,1958 

4-Amino-y -sym-tr  iozole  or  4-Amino-4H- 
1,2,4-triozole  (Called  in  some  papers,  4- 
Amino-4, 1,2-triazole),  HC=N-N  . Hygr 

I II 

HaN-N CH 

ndls,  mp  82— 3° J sol  in  w or  HC1,  si  sol  in 
chlf  & pet  eth.  Although  this  compd  was 
claimed  to  have  been  prepd  as  early  as 
1899(Ref  1),  its  structure  was  not  estab- 
lished until  I906(Ref  2).  According  to  Erick- 
son et  al(Ref  6),  S.Ruhemann  & R.W.Merri- 
mannJCS  87,1768-9(1905),  believed  that 

this  am  inotriazole  was  1 ,4-dihydro-s-triazine, 
N-NH-CH,  and  named  it  tetrazoline,  but 

I!  II 

HC-NH-N 

this  structure  proved  to  be  wrong 

A detailed  description  of  the  prepn  of  4- 
am  ino-y -sym-triazole  by  heating  formylhydra- 
zine  at  150—200°  is  given  in  Ref  3.  Formyl- 
hydrazine  was  obtained  by  heating  a mixt  of 
ethylformate  and  hydrazine  hydrate  in  ale 
for  18  hours.  In  Refs  4 & 5 is  described  a 
method  of  prepn  of  this  aminotriazole  start- 
ing with  the  treatment  of  hydrazine  hydrate 
and  carbon  monoxide  at  high  pressure  and 
elevated  temps 

It  forms  numerous  salts  and  additive 
compds,  some  of  them  expl,  eg:  a)C2H4N4  + 

AuCl,,  yel  amor  pdr,  mp  120°,  expl  at 


higher  temps  b)C3  H4N4  + AgNO,,  wh  ppt, 


Ref:  l)Beil  26,16  & [7]  2)C.Bulow,Ber  39, 

2620(1906)  3)Oig Synth  24(1944),  12  or  Coll 
Vol  3(1955), 96  4)G.D. Buckley  & N.H.Ray, 

TCS  1949,1157  & CA  44,2942(1950)  5)Ibid, 
BritP  649,445(1951)  & CA  45,8561(1951) 
6)J.G. Erickson  et  al,  ’’The  1,2,3"  and  1,2,4- 
Triazines,  Tetrazines  and  Pentazines’  ’ , 
Interscience, NY(1956),  185— 6 

5-Ammo-2H-l,2,4-triazole  or  5-Amino-3H- 
1,3,4-tri azole.  Same  as  3*Araino-lH-l ,2,4- 
triazole,  listed  here  as  3-Amino-a-sym- 
triazole 

Ref:  Private  communication  from  Dr  Ronald 
A. Henry, NOTS, China  Lake, Calif, 5 056/RAH: 


Azidoaminotriazole,  C3HjN7  — not  found  in 
Beil  or  CA  through  1956 

3-Amino-a-sym-triazole  Nitrate  or  3-Amino* 
lH-l,2,4*triazole  Nitrate,  HC-NH-N  + HNOJt 

II  II 

N C-NH3 

raw  147.10,  N 47.61%,  OB  to  C03 

-5  0 lor  rs  Q «.A  —i/Z  'l  or  mr,  ion  ^ 

jg.l/Pt  AO.^f/0*  vi)r  o,  »ip  iuv,y 

-181.5(°(Ref  3),  174°(decomp)(Ref  2).  Its 
Qy  is  318.0  kcai/moi  and  Qy  + l40.9(Kef  3). 

C I 

Was  prepd  by  Thiele  et  al  by  treating  the 
mother  liquor  left  after  removal  of  3-amino- 
a-sym-triazole  with  nitric  acid,  as  described 

n _ f n _ o-L  _ 1 ^/Tt  ^ _ \ J 

111  ACI  4.  r\<iUl 3 UU1  g(x\ci  4 <*)  XL o uc>t 

in  primers,  detonators,  etc 

Refs:  l)Beil  26,138  2)j. Thiele  & W.Man- 

chot,Ann  303,47(1898)  2a)H.Rathsburg, 

BritP  185,555(1921)  Sc  CA  17-1147(192?) 

3)M.M. Williams  et  al,JPhChem  61,264  & 
266(1957) 

3-Nitramino-a-sym-triazole,  3-Nitrammo-lH- 
12  4-triazole  or  5-Nitramino»2H-1.2.4-tri azole 

'f  “f  ' " 

(Was  called  by  Henry,  5-Nitramino- 1,2,4~ 
triazole ),  HC-NH-N  or  03  NHN  C=N-NH , 

ii  ii  li 

N C-NHNOa  n=CH 


mw  129-08,  N 54.26%,  OB  to  C03  -43.4%,  OB 

tn  CO  Wh  granular  oroduct  decomoe 

" ’ ""  O I A L» 

at  217°;  Qv  is  317.5  kcal/mol  and  Q T -26.9 
c * 

kcal/moI(Ref  3).  W«s  obtained  by  Henry(Ref 
2)  on  heating  l-forroamido-3-nitroguanidine 
with  anhyd  Na3CO,  in  a small  amt  of  water 
for  25  min  according  to  the  procedure  devel- 
oped by  J. Thiele  & K.Heidenreich,Ber  26, 
2599(1393)  fur  the  prepn  of  am  incuse  thy  Itri- 
azole.  The  reaction  may  be  represented  as 
follows: 


HC-NH-NH 


+ Na2C0j 


HN=C-NH-NOa 

2NaOH  + C03  + HC-NH-N 
ii  ii 

N C.NH*NOa 

The  formamido  nitroguanidine  was  prepd  by 
heating  nitraminoguanidine  with  3 times  its 
weight  of  formic  acid.  The  3*nitramino- 
1,2, 4-triazole  may  also  be  prepd  by  nitration 
of  its  parent  compd,  3_aminotriazole 

Refs:  l)Beil  — not  found  2)R.A.Henry, 

JACS  72,5344(1950)  3)M.M. Williams  et  al, 

VnL/^1 Ii  / o.  *>///!  T>  A 

j JTuv^iiciu  gi^ui  cx  <-t /Lsl 

Henry, NOTS, China  Lake, Calif;  private  com- 
munication 5056/RAH:jj,  18  Nov  1958 

Note:  Expl  props  of  the  above  nitraminotri- 
azole  were  determined  by  Henry  et  al  and 
were  supplied  to  SPIA  for  its  propellant  in- 
gredients manual.  OSRD  2014(1944)  gives 
power  & brisance  less  than  PA  and  FI 
72%  PA 

Addnl  Refs  on  Am inotri azoles  and  Their 
Derivatives:  a)J. Reilly  & P.J.Drumm, JCS 

1926, 1729-37[ Prepn  and  props  of  aminopropyl 
-1,2,4-triazoles  and  their  salts  and  derivs. 

One  of  the  derivs  descrihed  in  this  t>at>er  is 
expl.  See  also  diazo-5-isopropyl-asym(l,2,4)- 
triazole,  under  D’ s]  b)O.Dimroth  & W. 
Michaelis,Ann  459,39-46(1927)  & CA  22,423 

(1928)  (Discussion  on  intramolecular  rear- 

_ C e v 

Idll^CUiCiU  Ui  J 'MJlJXfclU”  JL>4,^wLlia^.^4.^  Ut  1 X V an  vto. 


r2hn-c-nr*  -n 


R'HN.C-NR2-N 
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c)J. Reilly  & D.  Madden, JCS  1929,815-6 
(Stability  of  diazonium  salts  of  the  triazole 
series)  d)R.A.Henry,JACS  72,5344(1950)  & 
CA  46,6088— 9(1952)  (Some  derivs  of  5- 
amino-triazole  , including  5-nitro-amino-l, 2,4- 
triazole)  e)R.A.Henry  & W.G. Finnegan, 

JACS  76,291(1954)  & CA  49,10274(1955) 

(An  improved  proced  for  the  deamination  of 
3-amino-l, 2, 4-triazole)  f)J.E.deVrie s & E. 
St.Clair  Gan tz, JACS  76,1008-10(1954)  & 

CA  48,799 5(1 954)  (Spec trophotometric  studies 
of  dissociation  constants  of  aminotriazoles, 
etc)  g)M.R. Atkinson  et  al,JCS  1954,4508— 

10  & CA  49,15916-17(1955)  (Derivs  of  3- 
amino -1,2, 4-triazole) 

AMINOTRIAZOLECARBOXYUC 
ACIDS  AND  DERIVATIVES 

Aminotriazole carboxylic  AciVs,CsH4N402 , 
mw  128.09,  N 43.74%.  The  following  isomers 
and  some  derivatives  are  described  in  the 
literature: 


5-Amino-a-sym-triazole-3-carboxylic  Acid 
or  5- Amino- !H-1,2,4-tri  azole-3- carboxylic 
Acid  [Called  in  Beil,  5-Imino-1.2.4-triazolin- 
carbonsaure-(3)l, 


HaN.C-NH-N 


HN:C-NH-N 


N. 


OCO„H 


HN C-CO,  H 

Cry st  s with  % H2  O(from  w),  de comp  at 
182—3°  when  heated  rapidly.  Can  be  prepd 
by  prolonged  heating  of  4- am  ino-1,2,4* 
triazole-3,5-dicarboxylic  acid  with  coned 
KOH  on  a water  bath 


Refs:  l)Beil  26,311  2)T.Curtius  et  al.Ber 

40,818(1907)  & CA  1,  1418(1907) 

5(4)-  Amino-  a-v  i c-tri  a zol  e-4(5)-carboxy  I i c 
Acid  or  5(4)- Amino-  1H- 1,2, 3-triazo!e-4(5)- 
corboxylic  Acid, 

H.N-C-N'H-N  HOaCC-NH-N. 

I!  II  or  II  II 

HO,C-C N H,N-C iN 


Can  be  prepd  by  treating  lH-vic-triazolo[d] 
pyrimidine*5,7-dioI  monohydrate  with  25% 
NaOH  soln  in  the  manner  described  in  Ref  2 

Refs:  See  under  next  item 

5(4)- Am  ino-  a- vi  c-tr  i a zo  I e-4(5)-  c ar  box  am  id  e 
or  5(4)- Ami  no  - 1 H- 1 , 2,3-*r  i a z ol  e-4(5)-  carbox- 
amide,  H2N-C-NH~N  or  H.N-OC-C-NH-N, 

I!  M II  II 

H2N-OC.C_ N H2N-C__N 

fflw  127.11,  N 55.10%.  Crysts,  mp  226-7° 
(decompn).  Can  be  prepd  by  treating  lH-vic- 
triazolo-[d]-pyrimidine-5,7-diol  with  NH40H 
in  the  manner  described  in  Ref  2 

Refs:  l)Beil  26  - not  found  2)J.S.Webb, 

& A.S.Tomcufcik.USP  2,714,1100955)  & 

CA  50,  12116(1956) 

5-Nitro  samino-a-  sym-fri  azo)  e-3-carboxyl  i c 
Acid  or  5-Nitros<tn ino-lH-l^^triozole- 
3-corboxylic  Acid  [Called  in  Beil,  5'Nitros- 
imino-1.2.4-triazol-carbonsaure-(3)  or  5" 
Diazo-l,2.4-triazoI-carbonsaure-(3)], 
ON-HN-C-NH-N  , ON.N:C-NH-N 

II  II  I II 

N C-COjH  HN C-C03H 

or  HO-N:N*C— NH-N  , mw  157.09, 

II  II 

N C.C02H 

N 44.59%.  Solid,  explg  when  dry  at  120—130° 
as  well  as  on  friction.  Can  be  prepd  by  treat- 
ing the  sodium  salt  of  5*amino-l,2,4-triazole- 
3-carboxyIic  acid  with  NaNOa  in  dil  aq  HC1 
at  ca  -3°  (Refs  2 & 3) 

Its  ethyl  ester  is  even  more  expl  than  the 
acid(Ref  3*p  8) 

Refs:  l)Beil  26,311  2)J- Thiele  & W.Man- 

chot,Ann  303,54(1898)  3)W.Manchot  & R. 
Noll, Ann  343,  2 - 9(1905) 

Nitraminotriazolecarboxylic  Acid , CjHjN,  04 
— not  found  in  Beil  or  CA  through  1956 

AM1NOTRIAZOLEDIONE 
AND  DERIVATIVES 


Crysts,  mp  l60— l°(decompn). 


4-Amino-l/2,4-4H-triozole-3,5-dione,  called 
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in  Beil  4-Amino-3.5-dioxo-1.2.4-triazofin  or 
Azodicarbonhydrazid,  OC-N=N  , mw  114,07, 

i I 

* H2N-N CO 

N 49.12%.  Violet,  very  unstable  pdr,  mp— expl 
ca  72°.  Was  prepd  by  treating  disiJver  salt 
of  4-ami nourazol  with  ether  soin  of  iodine  in 
presence  of  BaO  and  MgO 

Refs : l)Beil  26,(64)  2)R.Stolle,Ber  45, 

288(1912)  & 46,260(1913) 

Nitrosaminotriazoledione,  C2HNS  03  and  Nitr- 
aminotriazoledione,  C2HNg04  — not  found  in 
Beil  or  CA  through  1956 

4-Amino-l,2,4-triazolon-(3)-imid.  One  of  the 

Ger  names  for  4-Arnino-3“imino-2,5i,dihydro- 
a-sym-triazole 

AMIN0TRIAZ0L0PYRIMID1NES 
AND  DERIVATIVES 

Aminotriazolopyrimidines,  C4H4N6,  mw  136.12 
N 61.75%.  The  following  isomer  is  described 
in  the  literature: 

7-Amino-a-vic-triazolo-[d]-pyrimidine  or  7- 
Amino-  1H-  l,2,3-tr«ozolo-[d]  *4, 6-di  azine, 

N=C(NH.  )-C-NH-N.  Col  crysts,  decompg 

| ' II  II 

HC=N C N 

without  melti  ng  above  310°.  Can  be  prepd 
by  treating  an  aq  soln  of  4,5,6-triaminopyri- 
midine(acidified  with  some  AcOH)  with 
NaN02  in  H20,  followed  by  20  min  heating 
on  a water  bath(Ref  2).  CV  absorption  spec- 
tra are  given  in  Ref  3 

Refs:  1 ) B ei  1 - not  found  2)R.0.Roblin 

et  alJACS  67,292(1945)  & CA  39,1845(1945) 
3 )L.F. Cavalier!  et  alJACS  70,3875— 8(1948) 
& CA  43,1424(1948) 

Nitrosaminotriazolopyrimidine , C4HsNtO  and 
Nitraminotriazolapyrimidine,  C4HgN702  — not 
found  in  Beil  or  CA  throu^i  1956 

AMIN0TR1  AZOLOP  YRIMIPINOLS 

AND  DERIVATIVES 

Aminotriazolopyrimidinols  or  Aminohydroxy- 
pyrimidines,  C4H4N60,  mw  152.12,  N 55.25%- 


The  following  two  isomers  are  described  in 
the  literature: 

5-Amino-7-hydroxy-a-vic»triazolo-[d]-pyrinii« 
dine;  5-Amino-  1H-  lf2,3-triozolo-[d]-pyrimi- 
din-7-ol  or  5-Antino-7-hydroxy-lH-l,2#3-tri- 
axol  o-[d]-4,6-di  azi  n e,  N=C(OH )— C— NH— N . 

HjN-C=N C N 

Col  microscopic  ndls,  decomp  above  300° 
without  melting.  Can  be  prepd  by  treating  an 
alkaline  aq  soln  of  2,4,5“triamino-6-hydroxy- 
pyrimidine  with  NaN02  +AcOH(Ref  2).  Prepn 
of  its  hydrochloride  is  described  in  Ref  3, 
which  also  gives  the  UV  absorption  spectra 
Refs:  l)Beil  — not  found  2)R.O.RobIin  et 

alJACS  67,293(1945)  & CA  39,1846(1945) 

3)L.F. Cavalier!  et  alJACS  70,3878-80(1948) 

& CA  43,1424(1948) 

7-Amino-a-vic-triazolo-[d]-pyrimidm-5-ol;  7- 
Am  ino-5-hydroxy-lH- 1,2,3-  triazolo-[d]-p  yrimi- 
dine  or  7-Amino*5-!tydroxy-1H-l,2,3-triazolo- 
[d]-4,6-diazine,  N=C(NH2  )-C-NH-N.  Its 

HO-C=N C ij 

hydrochloride  was  prepd  by  treating  an  aq 
soln  of  4,5,6-triamino-2-hydroxypyrimidine 
sulfate  with  NaN02  in  HC1,  followed  by  addi- 
tion of  HC1  to  the  reaction  mixture(Ref  2). 

Its  UV  absorption  spectra  are  given  in  die 
same  ref 

Refs:  l)Beil  — not  found  2)L.F.Cavalieri 

et  alJACS  70,3878-80(1948)  & CA  43,1424 

N it ro sctTri inotriazolopy rim idinol,  C4H3N702 
and  Nitrammotriazolopyrimidinols,  C4HjN7Oj 

- not  found  in  Beil  or  CA  through  1956 

Aminotriethonol  or  Trihydroxyethylbenxene. 

See  Triethanolamine 

Aminotrimethylbenzenes.  See  Aminohemimelli- 
tenej  Aminomesityiene  and  Aminopseudocumen  e 

AminotrinitropHenylmethylnitramine.  See  N- 

Methy  l-N-nitro-2, 4, 6-trinitro-m-phenylene  di- 
amine, under  Methylphenylene diamines 
3-Amino-2,4,6-trinitrophenylnitramine.  See  N'  - 
Nitro'2,4,6-m-phenylenediamine , under  Phenyl- 
en  edi  amines 

AMINOURAZOLES  AND  DERIVATIVES 

Affiinourazoles , C2  H4N402 , mw  116.08,  N 48.27%. 
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The  following  isomer  is  described  in  the 
literature: 

4-Aminourazole;  4- A mi  no-3, 5-dioxo-sym- 
triazol idine;  4- Am  ino-3,5-dioxo- 1,2,4-tri- 
ozolidine;  (called  p-  Vrazine  in  JCS  95,  237) 
[Called  in  Beil,  4-Amino-3. 5-dioxo- 1.2.4- 
triazolin],  OC-NH-NH.  Crysts,  mp  273 

II 

CO 

to  276°(decomp).  Soly  in  w 0.032  g/lOOg  at 
0°  and  4.02/100  g at  65°;  diff  sol  in  ale  and 
insol  in  eth.  W as  first  prepd  in  1894  by  Cuttius 
and  Heidenreich(Ref  2)  but  its  correct  struc- 
ture  was  not  established  until  1907(Refs  3 & 4) 
(see  note  below).  Several  methods  of  prepn 
are  listed  in  Beil(Ref  1)  and  the  following 
two  methods  are  described  in  detail  in  Ref  5: 
a)heating  carbohydrazide,  OC(NH*NH2  )2 , 
with  HC1  and  b)heating  carbohydrazide 
NH'CONH, 

/ 

N-carboxatnide,  OC  , with  HC1 

\ 

nh*nh2 

Note:  Curtius  et  al(Ref  2)  assigned  to  p- 
urazme  the  structure  HN-CO-NH  and  called 

I I 

HN-CO-NH 

:t  ' 'Bishydrazicarbonyl”  or  "DihamstofP’ 
(Diurea) 

Refs:  l)BeiI  26,  204,(60)  & [109]  2)T. 

Curtius  & K.Heidenreich.Ber  27,  2684(1894) 
3)M. Busch, Ber  40,  2093(1907)  4)R. Stolle', 
JPrChem  75,  422(1907)  5)JnorgSynth  4 
(1953), 29-32 

Nitrosaminourazole,  C2  H3N5  03  and  Nitrami~ 
nourazole,  C2  H3N5  04  — not  found  in  Beil  or 
CA  through  1956 

AMINOXYLENES  AND  DERIVATIVES 

Aminoxylenes , CaHtiN,  mw  121.18,  N 11.56%. 
All  possible  isomers  are  known  and  listed 

in  Beil  12,1101,  1103,  1106-7,  1111,  1131, 
1134-5,1141,(478,480,482,483,487-8,490) 

& [601-4,606,613-14,618  I 


Azidoaminoxytenes,  C8Hl0N4  and  Diazido- 
ammoxylenes,  CaH9N7  — not  found  in  Beil 
or  CA  through  1956 

Nitrctminoxylenes,  (OjN-NH^H^CHj)^ . 

One  isomer,  eso-Nitramino-p- xylene  or 
2,5’DimetkylpbenylnitTamine , is  mentioned 
in  Beil  16,675 

Nitroaminoxylenes , C8HI0N2  Oa . Various 
isomers  are  described  in  Beil  12,1102—3, 
1105-6,1110,1127-9,1132,1135,1140-2, 
(479,481,487-490)  & [605-6,612-13,617-18, 
620] 

Nitronitraminoxylene,  CaH9Ns04.  One  isomer, 
ynitro-^nitTaminO’rn’Xrylene,  is  described 
in  Beil  16, [346] 

Dinitroaminoxylenes,  C4H9N304.  Various 
isomers  are  described  in  Beil  12,  1111, 

1130,  1132,  1141,  (479-82,  490)  & [613] 

Dinitronitraminoxylenes,  C8H8N406,  m w 
256.18,  N 21.87%.  The  following  isomer  is 
described  in  the  literature: 

3l5-Dmitro-2-nitramino«p'xylene  or  4,6- 
Din  itro-2,5-dimethylphen  yl-3-nitrami  ne, 

HC  = C(CH})-CNH-N02.  Ndls,  mp  130° 

OaN-C=C(CH,)-ONOa 
(decomp)  and  defgr  when  heated  to  higher 
temps.  Sol  in  ale,  ethyl  acetate  and  ether. 
Was  obtained(together  with  3,5-dinitro-p- 
xylene-2-diazortiumnitrate)  by  treating  5- 
amino-p-xyIene-2-sulfonic  acid  with  HNO, 

(d  1*51)  at  “5°*  Its  expl  props  were  not  in- 
vestigated 

Refs:  l)Beil  16,675  2)T.Zincke  & E. 

Ellen berger,Ann  339,207-9(1905) 

Trinitroami  no  xylenes,  CSH8N406,  mw  256.18, 

N 21.87%.  The  following  isomer  is  described 
in  the  literature: 

2,4,6- Tr  in  itro-5- am  ino-m- xylene  or  2,4,6- 
Trinitro-sym-m.xylidene  or  2,4,6-Trinitro- 
3,5-di  meth  ylani  line,  O^.C^CfCH^-ONO, 

I }l 

H1N-C=C(N02)-C.CHj 
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Yel  crysts,  mp  206°.  Can  be  prepd  by  heat- 
ing 2,4, 6-trini  tro-  5-  methoxy- 1 ,3-d  imethy  1- 
benzene  for  2 hours  with  ale  NH,  in  a sealed 
tube  on  a water  bath(Ref  2)  or  by  heating 
5-bromo-2,4,6-trinitro-m-xylene  with  ale  NH3 
at  130^Ref  3) 

Refs:  l)Beil  12,  1133  2)j.  J.Blanksma, 

Rec  21,  329-30(1902)  3)Ibid,  25,  374(1906) 

T rinitronitraminoxylene  s,  (OaN  ■ HN )Ce  (CH3  )a 
(NOjJj,  mw  301.18,  N 23.26%  - Not  found  in 
Beil  or  in  CA  through  1956 

AMMEL1DE  AND  DERIVATIVES 

Ammelide;  6-Amino-s-triazine'2,4  diol  or 
5,6’DibydrO’6-imino-s-tTiazine-2,4(lH,  3H )- 
dione  (called  in  Beil  4,6-Dioxo-2-imino- 
hexahydro-  1.3.5-triazin;  Isocyaniirsaure- 
monoimid;  2. 4-Dioxy-6- amino- 1.3.5-triazin 
or  Melanurensaure) 

HaN-C=N — CO  HaN-C  = N C-OH 

| | , I li  > 

HN-CO— NH  N=C(0H) — N 

mw  128.09,  N 43.74%  Prepn  and  props  are  in 
Beil  26,  243,  (73)  & [132] 

[See  also  CA  28,  4706  (1934);  31,  3490  (1937); 
32,  502  (1938);  40,  7072  (1946);  43,  698(1949); 
44,  1136(1950);  46,  6163(1952);  50,  1041, 

9062  & 9151  (1956)3 

Nitroammelide  or  6-Nitramino-s-triaxin-2,4- 
diol  (Designated  by  Cason  as  TM-1), 

02N-HN-C-N — CO  02N-HN-C=N C-OH 

i i °r  i i! 

HN-CO-NH  N=C(OH)-N 

mw  173.10,  N 40.46%,  OB  to  COa  - 32.4% 

OB  to  CO  — 4.6%  Col  powd,  decompg 
sharply  without  melting  at  248°;  appreciably 
sol  in  w (hydrolyzing  slowly  in  cold  and 
rapidly  in  hot  w with  formation  of  cyanuric 
acid).  Was  prepd  by  Cason  on  treating  tri- 
acetylmelamine  with  a 1/1  mixt  of  fuming 


HNOj  and  AcaO  at  25°  for  5 hrs  (Refs  2 and 
3).  The  originally  assigned  empirical  for- 
mula, QHsN^Ojj  (Ref  2),  proved  to  be 
erroneous  and  should  be  C3H3NS  0*  (Ref  3). 
When  analyzing  a sample  by  combustion,  it 
is  necessary,  in  order  to  avoid  explosion, 
to  mix  it  thouroughly  with  copper  oxide  (Ref 
2) 

When  nitroammelide  was  treated  with 
ammonia  an  amorphous  product  contg  47.4% 

N was  obtained 

As  nitroammelide  and  its  ammonium  salt 
are  high  nitrogen  compds  and  as  their  OB 
to  CO  is  close  to  zero,  they  may  be  of  pos- 
sible value  in  cool  propellent  compositions 

Refs:  l)Beil-not  found  2)J. Cason,  JACS 

69,  497(1947)  & CA  41,  4158(1947)  3)E.R. 
Atkinson,  JACS  73,  4443(1951)  & CA  47, 
138(1953) 

AMMELINE  AND  DERIVATIVES 

Ammeline;  4,6-Diamino-s-triazin-2-ol  or  3, 
4,3,  6-TetrahydrO‘4,  6-diimino-s-iriazin-2(  1H)- 
one,  called  in  Beil  6-Oxo-2.4-diimino- 
hexahydro- 1.3.5-triazin;  Isocyanursaure- 
diimid  or  2-Oxy-4.6-diamino-1.3.5-triazin, 

HaN-C  = N C-OH  HN:C — NH— CO 

I ||  or  I I 

N=C(NHaKN  HN-C(:NH)-NH 

mw  127.11,  N55.10%  Prepn  and  props  are  in 
Beil  26,  244,  (74)  & [132] 

[See  also  CA  32,  502(1938);  40,  7072(1946); 
41,  1179  & 4003(1947);  43,  698,  2786  & 
5809(1949);  44,  2158(1950);  46,  6163(1952); 
48,  9413  & 9414  (1'954);  49  14008,  14816  & 
15734(1955);  & 50,  1041,  9062,  9151  & 
10109(1956)3 

Mononit  roamme  lines,  CjH4N#03,  mw  172.11, 
N48.83%  — not  found  in  Beil  or  CA  through 
1956 

Dinitroammeiine,  called  by  Atkinson  N4#N6- 
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Dinitroammel ine,  02N-HN-C -N C-OH, 

I II 

N=C(NH-N02) — N 

raw  217.11,  N 45.16%,  OB  to  C02  -18.4%, 

OB  to  CO  + 3-7%,  Wh  crysts  decompg  sharply 
at  228°;  can  be  detonated  by  a sharp  blow 
(Ref  3).  It  is  sol  in  w (slow  hydrolysis) 
and  in  aq  Na  bicarbonate  solns;  insol  in 
organic  solvents.  It  was  first  prepd  by  Cason, 
but  not  properly  identified  (Ref  2).  Atkinson 
(Ref  3)  improved  the  method  of  prepn  and 
identified  the  product  as  N4,  N6-dinitro- 
ammeline.  For  its  prepn,  the  finely  ground 
melamine  was  added  to  a 1/1  mixt  of  HNOa 
and  Ac20  at  0-5°  and  stirred  for  2 hrs.  The 
resulting  solid  was  filtered  off  and  washed 
with  AcOH  and  then  with  w.  The  purification 
was  achieved  by  dissolving  the  product  in 
aq  Na  bicarbonate  soln  followed  by  filtering 
and  acidification  with  HC1  as  indicated  in 
Ref  3.  The  yield  was  ca  50% 

Dinitroammeline  is  an  explosive,  fairly 
stable  in  storage  and  comparable  to  tetryl 
in  impact  sensitivity 

Following  are  the  results  of  some  tests 
conducted  at  PicArsn,  Dover,  NJ:  heat  of 
combust n at  Cv  1673  cal/g;  explosion  temp 
(5  sec  test)  275°;  impact  sensitivity 
9"  (PicArsn  app,  2 kg  wt,  0.014g  sample) 
and  37cm  (BurMines  app,  2 kg  wt);  100°  heat 
test  (%Ios s of  wt)  0.14  in  1st  48  hrs,  0.0  in 
2nd  48  hrs  and  no  expin  in  100  hrs;  100 0 
vacuum  stability  test  0.88cc  gas  evolved  in 
49  hrs  per  5g  sample 


Refs : l)Beil  — not  found  2)J. Cason,  JACS 
69,  496(1947)  & CA  41,  4158(1947)  3)E,R. 
Atkinson,  JACS  73,  4443(1951)  & CA  47, 
138(1953)  4)PicArsn,  GenLab;  private 
communication  5)Corinfskii,  ZavodLab 
12,  418-21(1941)(Detn  of  ammeline  by  pptn 
as  its  picrate  after  separation  of  melamine) 

Ammeline  Picrate  or  Diamino- hydroxy- 
triazine  Picrate,  CjH5  Nj  0 C6HjN307-H20, 
golden-yel  crysts,  mp  266°.  It  loses  water 
of  crystn  only  when  it  is  heated  in  vacuo 
over  P3Oj  at  140°.  Can  be  prepd  by  treating 
ammeline  with  hot  coned  picric  acid  to  which 
some  oxalic  acid  is  added  to  facilitate  the 
soln  of  ammeline 

Refs:  l)Beil  — not  found  2)A.Ostrogovich 

and  G.H.Gheorghiu,  Gazz  60,  648(1930)  & 

CA  25,  957(1931) 

Ammiachno-sel itrennyi  Porokh.  One  of  the 

early  Russian  compns  used  as  a propellant 
and  as  a blasting  expl:  AN  85  & powdered 
carbon  15% 

Ref:  N.N. Ushakov  & I.V. Lebedev,  "Manu- 
facture of  Explosives”,  Gosizdat,  Lenin- 
grad(1934) 

Ammiak.  Russian  for  Ammonia 

Ammiak  or  Ammoniakat.  Ger  names  for 
Ammine 
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AMMINE  OR  AMMONIATE 
AND  COORDINATION 
(Ammonlakat  In  Gerqnd  Ammoniocate  in  Fr) 

The  complex  compds  in  which  ammonia 
(NHS)  functions  as  a neutral  group  are  very 
numerous  and  frequently  very  stable.  They 
belong  to  the  so  called  ' ’coordination’* 
compds,  known  since  beginning  of  the  19th 
century  but  not  properly  systematized  and 
explained  until  1893  when  Alfred  Werner 
introduced  his  theory.  In  his  theory,  now 
nearly  universally  adopted(with  slight  modi- 
fication, such  as  by  Sidgwick  and  Lowry, 
etc),  there  are  two  types  of  valencies:  a) 
primary  (principal,  main,  ordinary  or  ionic) 
and  b)  secondary  (auxiliary  or  non- ionic), 
now  called  "coordinate  covalence".  The  dif- 
ference between  ionic  and  non-ionic  valences 
is  not  as  great  as  Werner  at  first  supposed, 
and  is  one  of  degree  rather  than  of  kind.  The 
same  kind  of  anion  radical  or  molecule  may 
be  held  by  either  or  both  types  of  valence. 
There  is,  however,  an  upper  limit  for  both 
types  of  linkages.  In  case  of  non-ionic 
linkages,  the  maximum  number  of  atoms, 
radicals  or  molecular  groups,  which  can  be 
directly  connected  with  central  atom(metal), 
is  called  the  "coordination  number"  of  this 
atom.  This  number  is  for  most  metals  six, 
but  it  can  be  also  four,  five,  three  and  two 
for  the  same  metal(as  for  instance  Co).  For 
Mo  the  "coordination  number"  was  reported 
to  be  eight 

In  writing  the  formula  of  a "coordinated 
complex",  the  "coordinated  group”,  called 
"nucleus"  or  the  "first  sphere”  is  enclosed 
in  square  brackets,  while  the  acid  radicals 
are  placed  outside  in  the  so-called  "second 
or  ionization  sphere".  For  instance  in  the 
formula  [M  Rm)  , M is  a metal  (such  as  Cd, 

Co,  Cr,  Cu,  Fe,  Hg,  Mn,  Ni  or  Zn),  R is  a 
non-ionic(neutral)  radical(such  as  NH,,  H20, 
ethylenediamine,  diethylenetriamine,  pyridine, 
etc),  m is  "coordination  number"  of  M,  X is 
a negative(acidic)  radical(such  as  Cl",  CN  , 


NOJ,  NO"  CI07,  ClOj,  107,  etc)  and  n is 
number  of  monovalent  acidic  radicals.  An 
example  of  this  type  of  complex  is  the  compd 
[Co(NHj)a] (NOj)j,  in  which  the  electro- 
valency of  the  nucleus  is  3 (positive),  the 
same  as  for  the  Co  atom.  If  one  or  several 
NH,  groups  are  replaced  by  neutral  groups, 
such  as  HjO,  the  electrovalence  of  the 
nucleus  remains  the  same,  as  for  instance 
in  the  compd  tCo(NHs)5  H2O](N0j)s  If  how<- 
ever,  one  or  several  negative(acidic)  radicals 
replace  neutral  radicals  in  the  nucleus,  the 
electrovalency  of  the  nucleus  is  reduced- 
one  positive  valence  less  for  each  negative 
valence  introduced.  For  instance  in  the 
compd  [Co(NH,)5  Cl ) (NOj)a  the  electrovalency 
of  the  nucleus  is  two  and  in  the  compd 
[Co(NHs)}  CIS3°  it  is  equal  to  zero.  If  the 
negative  valency  in  the  nucleus  exceeds 
the  positive  valency  of  the  central  metal,  as 
in  the  compd  [Co(NHs)a  (N02)4]~K+>  the 
nucleus  as  a whole  becomes  negative  and  has 
to  be  associated  with  a corresponding  number 
of  positive  ions(such  as  K)  outside 

In  naming  the  complexes,  the  constituents 
of  the  nucleus  are  taken  first(starting  with 
the  acid  radical  or  extra  neutral  radical,  if 
any  present,  and  followed  by  the  neutral 
group  and  metal)  and  then  comes  the  name 
of  the  radical  outside  the  bracket.  For  in- 
stance, the  compd  (Co(MHj)s  Cl]  (NO,  )2  is 
called  1 ’chloropentammine  cobalt  (III) 
nitrate"  and  the  compd  [Co(NH2)5  HaO](NO,X 
is  "aquopentamminecobalt  (III)  nitrate  ", 
etc 

Ammonia  can  form  many  "coordinated 
complexes"  with  the  above  mentioned  metals 
and  these  complexes,  called  "ammines”  or 
"ammoniates"  are  among  the  most  important. 
Usually  divalent  metals  form  complexes  with 
four  NHj  groups,  while  trivalent  metals 
usually  coordinate  with  six  NHj  groups.  There 
are,  however,  many  exceptions 

Many  metal  ammines  are  explosive  and 
those  which  were  investigated  in  various 
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countries  from  that  point  of  view  are  listed 
in  tables  A,B,C,D,E,F&G 

It  should  be  noted  that  until  Werner's  time, 
complexes  were  usually  designated  by  names 
denoting  color:  luteo  for  yellow,  purpmeo 
for  purple-red  and  roseo  for  pink.  Some 
compds  were  called  praseo  to  designate 
their  green  color 

As  a rule,  the  colors  of  Co  and  Cr  ammines 
are  largely  independent  of  the  nature  of  the 
metal,  but  depend  on  the  number  of  neutral 
and  acidic  radicals.  For  instance  hexammines 
are  yellow(luteo),  chloropentammines  are 
purpie-red(purpureo)  and  aquopentammines 
are  pink(roseo).  The  compd  [Co  (NH3)4  ClJO 
is  green(praseo)  and  the  compd  [Co(NH3)4“ 
(N02)2]CI  is  called  the  flavo - or  coceo  salt 

Preparation  of  ammines.  Most  ammines  can 
be  prepd  by  passing  NH3  gas  into  a coned 
soln  of  a metal  salt,  such  as  chlorate, 
iodate,  perchlorate,  etc,  as  for  instance: 

Cd(Cl03)2  + 6NH3  - [Cd(NH,)J  (C103)2 
Cu(I03)2  + 4NH3  + 2H20-»  [Cu(NH3)4]  (I03  V 2H20 
Co(C104)3  + 6NH3  + H20+[Co(NH3)s](Cl04)3  . HaO 

A detailed  description  of  prepn  of  hex- 
amminecolbalt  (III)  nitrate  is  given  in  Refs 
33  and  41  and  prepn  of  some  other  ammines 
may  be  found  in  Refs  3,7,9,10,11,113,12,13, 
14,15,16,17,19,20,21,22,24,25,26,30,31,34, 
35,40,43,47,48,54,55,56,57,58,59,62,63,  and 
65 

Explosive  properties  of  metal  ammines 
were  studied  by  many  investigators  and  ref- 
erences are  given  in  the  tables  A,B,C  etc 

The  NavOrd  Rept  5639  (1957)  (Ref  69)  was 
not  available  to  be  utilized  for  this  work 

It  seems  that  the  most  important  ammines 
from  the  point  of  view  of  explosiveness  and 
stability  are  chlorates  and  perchlorates. Their 


potential  energy  and  velocity  of  deto- 
nation are  usually  between  those  of  primary 
expls,  such  as  MF  and  LA,  and  aromatic 
nitro  compds,  such  as  TNT.  The  chlorates 
are  definitely  more  sensitive  than  the  per- 
chlorates. The  expln  temps  of  some  ammo- 
niates  were  reported  to  be  higher  for  confined 
than  for  unconfined  samples 

According  to  Friederich  and  Vervoorst 
(Ref  11,  p 49)  the  chlorate  and  perchlorate 
complexes  decomp  with  explosive  violence, 
when  heated,  and  the  reactions  proceed  as 
follows: 

[M(NH3)4](C103)2^MC12  + 2N2  + 6H20 

[M(NH3)6]  (C103)2  ->  MC12  + 3N2  + 6H20  + 3H2 

[M(NHS)4](C104)2-MC12  + 2N2  + 6H20+02 

[M(NB3)J(C104)2^MC12  + 3N2  + 8HsO+H2, 
where  M represents  a suitable  metal 
Uses:  Some  metal  ammines  were  patented 
for  use  as  primary  explosives.  This  ex- 
cludes those  which  are  unstable  at  ambient 
temps  (evolve  NH3)  and  are  too  hygroscopic 

(See  Tables  A to  G,  pp  Kill  to  A282) 
References  on  Ammines:  1)  A. Werner, 

ZAnorgChem  3,  267-330(1893),  "Beierag  zur 
^Constitution  anorganischer  Verbindungen,” 

2)  R.Escales,  SS  2,  413-14  (1907) [According 
to  R.Escales,  the  "Kupfernitrat-Ammoniak”, 
listed  here  in  table  E as  "tetramminecopper 
(II)  nitrate”  and  abbreviated  as  CuTAN,  was 
proposed  in  1887  by  A. Nobel,  BritP  1692.0, 
for  use  as  follows:  a)  CuTAN  4,  AN  91  & 

TNT  5%  b)  CuTAN  5,  NG  30-35,  Na  nitrate 
30.5  & meal  39.5%  c)CuTAN  10,  NG  48,  CC  2, 
NaN03  30,  WM  9-6  & soda  0.4%. The  first  of  these 
belonged  to  the  class  of  ”AN  explosives”, 
the  second  to  * ’carbonites”  and  the  third  to 
"gelatin-dynamites”.  The  firm  G.Roth  of 
Austria  used  the  compns  contg  CuTAN  30-40, 

K nitrate  42-25,  sulfur  10-7.0  & Al  18-28% 
for  filling  some  blasting  caps]  3)R.Salvacori, 
chem  Ztr  1910,  1444  & CA  5,  1568(1911) 


Heiomminechfomium  (HI)  [OfNH.IJ  (CIO.J,  Not*:  It*  method  of  JJtepo  i>  mentioned  in  Ref  65,  but  no  prop*  nre  jlTen  - — 6$.  p 180 
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[Prepn  and  props  of  amminocobalt  (III) 
compds  with  chloric  and  perchloric  acids. 
Three  varieties  are  described:  the  luteo 
(yeiiow),  purpureo(purpie)  and  roseo(rose). 


The  perchlorates  are  very  stable  at  ord  temps 

nrk  il  P 1 ro  o a k al  /\nrKn  »U  a 

T»  •-**'-  \.HlViUV\.0  UC  v-vilip  L3i.\yw±J)  liu, 

luteo-derivs  being  more  stable  than  the  roseo- 
and  purpureo-  compds]  (See  items  Col4,  Col5, 
Col9,  Co21a,  Co28  & Co29  in  oar  tables  C 
& D)  4)  F.Ephraim,  Ber  45,  1322-31(1912) 

& CA  6,  2709-10(1912)  (The  nature  of  partial 
valences  in  metal  ammines)  5)F. Ephraim, 
ZrhysChem  81,  513-42(1912-13)  & 83,  19 6- 
220(1913);  CA  7,  1658  & 38630913)  (The 

nature  of  residual  valence  in  ammines)  6) 

F. Ephraim,  Ber  46,  3103-31(1913)  CA  8,  597 
(1914)  (The  nature  of  residual  valence;  in- 
fluence of  the  anion  on  the  stability  of  com- 
plex cations  in  metal  ammonia  compds)  7) 

F. Ephraim  & A.  Jahnsen,  Ber  48,  41-560915) 

& CA  9,  2194-5(1915)  [Various  metal  ammo- 
niates  of  bromates,  chlorates  and  iodates 
were  prepd  and  examined  at  the  Univ  of 
Bern.  Switzerland.  The  general  method  of 
prepn  of  hexammines  was  to  pass  ammonia 
gas  into  a coned  aq  soln  of  the  corresponding 
oxyhalide  salt:  6NHs  + Cu(C10,)2  -»  [Cu(NHj)J- 
(ClOj)2.  In  some  cases  hexammines  can  be 
prepd  by  treating  the  corresponding  tetrammine 
at  room  or  lower  temp.  Many  tetrammines  can 

r]  kt;  no  CCin  n d m mr\  n 1 a O mf/\  on  an 

^ J ft 

soin  of  the  corresponding  oxyhalide  salt, 
while  others  are  prepd  by  heating  the  corre- 
sponding hexammine  to  above  100°.  The 
compds  described  by  E and  J are  explosive 
and  they  are  listed  in  the  above  table.  The 
explosion  temps  were  detnd  for  confined  and 
uncon  fined  samples  and  were  found  in  some 
cases,  to  be  higher  for  confined  samples 
then  for  unconfined  ones}  (See  items  Cd2. 

Cd3,  Cd4,  Cd5,  Cd6,  Co3,  Cu4,  Cu5,  Cu8, 

Cu9,  Nil,  Ni3,  Ni4,  2n2,  Zn3  and  Zn6  in 
tables  AVB,E  & F)  8)F. Ephraim  & E.Bolle, 
Ber  48,  638-48(1915)  & CA  9,  2195(1915) 

(The  nature  of  residual  valence  of  zinc 
ammines.  Table  in  Ber  48,  p 646  gives  ealed 


heats  of  formation  of  various  Zn  ammines) 
9)G.L. Clark  et  al,  JACS  42,  2496-8(1920) 

& CA  15,  456(1921)[Cobaltammines  such 
as  trinitrotriamminecobalt  (111)]  (See  item 
Co2  in  table  B)  10)G.R.Levi,  Gazz  53, 

SOO-S  /IOHV  ire  19^  IT  7^7  m oaxN  a 

-'■*’**  /y  j **  y • V / V / W,  'wax 

18,  362  (1924)  iPrepn  and  some  props  of 
several  cobalt  ammines,  such  as  hexammine- 
cobalt  (HI)  chlorite  [Co(NHj)J  (ClOj),  • H20 
and  chloropentamminecobalt  (III)  chlorite 
[Co(NHj)sC1J  (Cl02)2  are  given.  These 
complexes  are  less  stable  then  the  corre- 
sponding chlorates  ana  perchlorates}  (See 
items  Co20  and  Co24  in  table  D)  11)W. 
Friederich  & P.Vervoorst,  SS  21,  49-52, 

65-9,  84-7,  144-5(1926)  & CA  21,  1184(1927) 
[Metal  ammine-Cd,  Co,  Cu,  Ni  and  Zn 
chlorates  and  perchlorates  were  prepd  by 
passing  ammonia  gas  over  the  desired  metallic 
chlorate  or  perchlorate  solns,  followed  by 
cooling,  agitation,  filtering,  and  drying  the 
pptd  salt.  Most  of  these  compds  proved  to  be 
explosives  of  the  primary  type.  As  a rule, 
they  were  deliquescent  and  hydrolyzed 
rapidly  in  moist  air.  Their  explosive  props 
are  given  in  tables  A,B,C,D,E  & F.  Methods  of 
testing  are  described  on  pp  50-1  of  this 
reference.  Tetramminecopper  (II)  chlorate 
was  the  only  one  of  the  examined  compds 
capable  of  detonating  TNTl  (See  items 
Cd7,Co30,Cu5,Cu7,Ni5,Zn2,  and  Zn6  in 
tables  A,D,E  & F)  lla)Mellor,  “A  Com- 
prehensive Treatise/'  v 8(1928),  pp  228-52 
479*80(See  item  Cu2  in  table  D)  12)J.N. 
Friend,  edit,  "Textbook  of  Inorganic  Chem- 
istry,” Griffin,  London,  v 10(1928),  "The 
Metal  Ammines"  by  M.J.  Sutherland  13) 

T WH*L  1 ^ _ n.  A r* ~1_  . . _ _ t-v  _ £ Ol  1 

i-.wumcr  <x  a,  xjcriiiinatm,  ,oer  oxt  £ / j\j- l 

(1929)  & CA  24,  1 348(1 930)(Prepn  and  props 
of  diammine  Mn  and  Zn  fulminaces)(See  items 
Mnl  and  Znl  in  tables  E & F)  14)Gmelins 
Handbuch  der  anorganischen  Chemie,VerIag 
Chemie,  Berlin,  System  No  58,  Kobalt,  Tl 
B(Cobaltammines)(1932)  15)J.M.Cros  & 
L.LeBoucher,  Anaies  de  ia  Sociedad  Expanola 
de  Fisica  y Quimica(Madrid)  33,  229-40(1935) 

* r a 9Q  i^ono^fp  rprsrt  cxnA  r*  f<it>  o cnmn 

,v — * - — • l • “ ’ / w*  ovili  v 
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am  mines,  such  3.3  tctr&uj  mine-  copper  (LI} 
iodate  and  hexamminenickel(II)  iodatej'See 
items  Cu5a  and  Ni4a  in  tables  E & F)  16) 
G.Spacu  & P.Voichescu,  ZAnorgChem  226, 
273-88  (1935)  & CA  30,  3737(1936)(Ammo- 
niates  of  some  copper  salts)  17)G.Spacu, 
ZAnorgChem  230,  181*6(1936)  & CA  31, 

OT  T 1 n-a  a ^ _ r * /\  rr  v i 

x i.yj  i ./L^xiiuiuiiiatc^  ui  uiamuiuv  v i)  auu 

uranium(IV)  chlorides]  18)A.F. Tells, 

ZKrist  95,  74-82(1936)  & CA  31,  1676(1937) 
{The  cryst  structure  of  silver  tetranitro- 
diamminocobaltiate  [Co(NH3)a  (N02)jAg  and 
of  some  other  ammines!  19)N.R. Agafoshin, 
ZhObshKhim  7,  2235-9  (1937)  & CA  32,  72 
(1938)1  Complex  compds  of  Cu  ammines  with 
picric  acid  and  some  other  nitrophenols  such 
as  [Cu(NH3)J.[C6H2(N02)30]2  and  [Cu(NH3)Jt 
[C6H3(N02)20]2*  Both  compds  seem  to  be 
explosive.  They  are  not  listed  in  our  tables! 
20)H.Brinzinger  and  H.Plessing,  ZAnorg- 
Chem 235,  110-14(1937)  & CA  32,  2450(1938) 
{Studies  of  nitrosopentamminecobaitic  salts 
such  as  red  complex  [Co(NH3)5  (NO)]  (N03)ar 
0.5HjO  . They  are  not  listed  in  our  tables  I 
20a)  J.L.  Mil  ward  et  ai,  JCS  1938,  233-6  & CA 
32,  8296(1938)  (Constitution  of  nitrosopent- 
ammine  cobalt  salts,  among  them  the  compd 
listed  in  the  previous  reference)  21)R. 
Duval,  CR  206,  1652-4(1938)  & CA  32,  5720 
(1938)  {Studies  of  trinitrotriamminocobalt  (III) 
[Co(NHs)j  (NO  2 ) s ] I (See  item  Co2  in  table 
B)  22)W.Strecker  & E. Schwinn, JPraktChem 
152,  205-18(1939)  & CA  33,  5 3 14 (1939)1  In- 
troduction of  the  azide  group  into  complex 
compds  to  replace  Cl  was  studied.  Among 
the  compds  prepd  were  several  ammines 
such  as  diamminecadmium(II)azide,  diam- 
minecopper(II)  azide,  tetramminecopper(II) 
azide,  chloropentamminechrome(III)  azide, 
hexamminechrome(IH)  azide  and  hexam- 
minenickel(II)  azidej(See  items  Cdl,  Cr5, 

Cr6,  Cul,  Cu3,  and  Ni2  in  tables  A,D  & E) 

23 )D. B. Donskaya  and  M.A.Portnov,  ZhObsh- 
Khim 9,  526-31(1939)  & CA  33,  9091(1939) 
(The  soly  of  Zn  and  Cd  nitrates  in  liq  ammo- 
nia and  prepn  of  ammines  such  as  tetrammine- 
and  hexammine  Zn  nitrates)  (See  items 


sr.d  Zn7  in  table  F) 


^A\  A t rn 


Naturwissenschaften  27,  583(1939)  & CA 
33,  9175(1939)  (Prepn  and  props  of  some 
Cu  ammines)  25)C.O.  Davis,  USP  2,168, 
562(1939)  & CA  33,  9648(1939)  (An  explosive 

obtained  by  dissolving  a nitrate,  such  as 
AN,  in  anhyd  liq  ammonia,  dispersing  in  the 
scln  s comminuted  sensitizer,  such  3 s Al,  S 
or  DNT,  and  evaporating  free  NH3,  thus 
leaving  the  nitrate  in  a continuous  phase) 

26) L.E.Agronomov, ZhObshKhim  10,  1120-40 
(1940)  & CA  35,  1333-5(1941)(Prepn  and 
props  of  some  boronhydride  ammoniates) 

27) M.A.Cook  et  al,  USP  2,220,891-2(1940) 


l/i/zin/ix/nl-**.: - ___  i 

exp  cuiug 


AN  and  ammine  complexes  are  prepd  by 
interaction  of  inorg  nitrates,  other  than  those 
of  alkali  metals,  with  ammonia)  28)T.W. 
Hauff  & H.H. Holmes,  USP  2,222,175(1940) 

& CA  35 1636(  194 l)(Nonset ting  expis  ob- 
tained by  coating  AN  grains  with  tetram- 
minezinc  nitrate)  29)O.Schmitz-Dumont, 
ZElektrochem  47,  221-2(1941)  & CA  35, 
5052(1941)(Interaction  of  Co  and  Cr  ammines 
with  alkali  metal  amides  results  in  formation 
of  Co  and  Cr  amides)  30)W.V. Smith,  CanP 
401,643(1941)  &.  CA  36,  1744(1942)(Prepn  of 
diamminezinc  nitrite )(See  item  Znla  in  table 
F)  31)O.Schmitz-Dumont  et  ai,  ZAnorgChem 
248,  175-207(1941)  & CA  37,  6205-7(1943) 


(Prepn  of  trivalent  Co  and  Cr  amides  from 
corresponding  ammines  and  alkali  metal 
amides)  32)E.I.du  Pont  de  Nemours  and 


Co,  BritP  544,582(1942)  & CA  36,  6804(1942) 
(Solid  complexes  obtained  on  treating  metal 
nitrates  with  ammonia  are  recommended  as 
ingredients  of  AN  explosives)  33)A.J. 
Phillips,  PATR  1302(1943)(Tetramminecupric 
nitrate;  its  prepn  and  explosive  props;  danger 
of  formation  when  AN  or  its  mixts  come  in 
contact,  in  presence  of  moisture,  with  copper 
or  its  basic  sahs)(See  item  Cu6  in  table  E) 
34)iM.Straumanis  & A. Cirulis, ZAnorgChem 
251,  336-7(1943)  and  CA  37,  6573(1943)1  Prepn 

and  props  of  some  Cu  azide  complexes 
among  them,  the  tetramminecopper(II)  azide! 
(See  item  Cu3  in  table  D)  35)A.  Cirulis  & 
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& M.  Straumanis,  ZAnorgChem  251,  343-4 
(1943)  & CA37,  6574(1943)lPrepn  and  props 
of  some  Cu  azide  complexes  among  them  the 
diamminecopper(ll)  azide!  (See  item  Cul 
cable  D)  36)H.  J.Emeleus  & J.S.  Anderson, 
"Modern  Aspects  of  Inorganic  Chemistry," 
Van  Nostrand,  NY(1945),  Chapter  4 "Co- 
ordination Compounds  and  Inorganic  Stereo- 
chemistry" 37)L. Pauling,  "Nature  of  the 
Chemical  Bond,"  Cornell  Univ  Press,  Ithaca, 
NY(1945)  38)MelIorV'Modern  Inorganic 
Chemistry Longm ans, Green, London(1 946), 
pp  841-6(Complex  compds  including  some 
ammines)  39)A.K.Dey, Nature  158,  95(1946) 

& CA  40  , 6360(19 46)  (Composition  of  cupric 
ammino  nitrates.  Data  are  given  leading  to 
the  inference  of  the  existence  of  the  tri-, 
tetra-,  penta-,  and  hexammines  of  cupric 
nitrate)  40)C. A. Jacobson,  "Encyclopedia 
of  Chemical  Reactions;1  Re  inhold,  NY,  v 2 
(1946),  pp  14,  etc  41)W.C.Fernelius  in 
"Inorganic  Syntheses,"  McGraw-Hill,  NY, 

2 (1946),  p 218  iPrepn  of  hexamrainecolbalt 
(III)  nitrate! (See  item  Co27  in  table  D)  42) 
O.Schmitz-Dumont  et  al,  ZAnorgChem  253, 
118-35(1947)  & 254,  329-42  (1947);  CA  43, 
2887-8  & 6101  (1949)(Formation  of  hexammine- 
cobalt(IIl)  nitrate  by  the  thermal  decompn  of 
cobalt(III)  amide)  43)J-Brigando,  CR  225, 
1319-20(1947)  & CA  42,  3725(1948)  iPrepn  of 
some  hexamminecobalt(IIl)  complexes!  44) 
W.Huckel,  ‘ 'Anorganische  Strukturchemie," 
F.Enke  Verlag,  Stuttgart(1948),  pp  56-138 
45)W.C.Fernelius,  "Structure  of  Coordinated 
Compounds"  in  Burk  and  Grummitt,  "Chemical 
Architecture",  Interscience,  NY  (1948), 
Chapter  3 46)W.R. Tomlinson,  K.G.Ottoson 

& L.F.  Audritrh,  JACS  71  375-6(1946)  & CA 
43,  5l87(1949)(Explosive  properties  of  metal 
ammines)(See  items  Cr7,  Co2,Col2,Col3, 

Co2 !,Co22,Co25,Co26,Co27,  and  Cu6  in 
tablesA,B,C,D&E)  47)K.B.  Yatsimirskii, 
ZhObshKhim  20,  1408-11(1949)  & CA  44, 
10565-6(1950)lPrepn  of  formatopencammine 
complexes  of  cobalt(Iil)  among  them  the 
nitrate}  (See  item  Co21b  in  table  D)  48)  M. 
Linhard  & M. Weigel,  ZAnorgChem  260,65*83 
(1949)  & CA  44,  5753(1950)  iPrepn  and  props 
of  some  cis-  and  trans-diacidotetrammine 


complexes  with  fatty  acid  anions,  such  as 
[Co(NHj)4  X3]C104,  where  X represents  acid 
residues  from  formic  to  caprylic  acids] 

49)Kirk  & Othmer,  "Encyclopedia, "v  4(1949), 
pp  379-9  (Coordination  compounds,  among 
them  some  ammines)(54  refs)  50)F. Ephraim, 
"Inorganic  Chemistry,"  Interscience,  NY 
(1949),  p 292(Cu  and  Ni  ammines);  pp  320- 
32(Co  and  Cr  ammines)  5 1)J.R.  Partington, 

"A  Textbook  of  Inorganic  Chemistry,”  Mac- 
millan, London(1950),  pp  4l6-26(Coordination 
compounds)  52)W.Hiickel,  "Structural 
Chemistry  of  Inorganic  Compounds"  (trans- 
lated by  L.Long)  , Elsevier,  Amsterdam  v 1 
(1950), pp  52  - 62(The  coordination  theory  of 
complex  compds)  5 3)A.F.Wells  "Structural 
Inorganic  Chemistry,”  Oxford  Univ  Press, 
London(1950),pp  7,  315,  638  & 649  54)M. 

Linhard  & H.Flygare,  ZAnorgChem  262,  338-9, 
341-3(1950)  & CA  44,  9853(1950)1  Azidopentam- 
minecobalt(III)  salts,  such  as  azide,  chromate, 
nitrate,  etc|(See  items  Col6,  Col7  and  Col8 
in  table  C)  55)M. Linhard  et  al  ZAnorgChem 
263,  233-4(1950)  & CA  45,  3747-8(1950) 

1 Diazidotetramminecobalt(III)  salts  such  as 
azide,  iodide,  nitrate,  perchlorate,  etc!(see 
items  Co4  to  Coll  incl  in  tables  B & C) 
55a)N.V.Sidgwick,  "The  Chemical  Elements 
and  Their  Compounds,"  Oxford  Univ  Press, 
London,  v 1(1950),  pp  156-7  & 279-8;  v 2(1950), 
pp  1016-17,  1399-1400  & 1439-40  56)K.B. 

Yatsimirkii,  ZhObshKhim  20,  1465-8(1950)(in 
English)  & CA  46,  3444(1952)]The  pentam- 
mineformates  of  cobait(III)!(See  also  Ref  47) 
57)M. Linhard  & M. Weigel,  ZAnorgChem  263, 
245-52(1950)  & CA  45,  3748(  1951)1  Prepn  and 
props  of  triazidotriamminecobalt(III) ((See 
item  Col  in  table  B)  58)E.Weitz  & H. Muller, 
AngewChem  62A,  221-2(1950)  & CA  44, 

88 10(  1950)(Nitrosopentammineferric  salts) 
(They  are  not  included  in  our  tables)  59) 
O.Schmitz-Dumont,  AngewChem  62,  560-7 
(1950)  & CA  45,  3749-50(195 1)( A compre- 
hensive survey  of  complex  chemical  reactions 
in  liq  ammonia  resulting  in  the  formation  of 
ammines  and  other  complexesX36  refs) 
60)Y.Tanito  and  Y.Saito,  BullChemSoc, 

Japan  25,  188-91(1952)  & CA  47,  6213(1953) 
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(Crystal  structure  of  crinitrotriamminecobalt 
(III)}  6l)T.Moeller,  ''Inorganic  Chemistry, 

An  Advanced  Textbook/’  Wiley,NY(I952), 
pp  227-73  62)G.R.Levi,R.Curti  & G.Brig- 
nani,  Gazz  84,  753-8(1954)  & CA  49#  13813 
(1955)IComplexes  contg  chlorite  groups  co- 
ordinated with  the  metal,  such  as  chlorito- 
pentammine-cobalt(III)  nitrate, -chromate, 
-bichromate  and  -picrateXSee  item  ColSa  in 
table  C)  63)N.I. Lobanov,  Izvest  Sektora 

Platiny  i Drugikh  Blagorodnykh  Metallov 
(Akad  Nauk,  Russia),  No.  28,  277-81(1954) 

& CA  49,  14555-6(1955)(Cobalt  ammine 
iodates)  64)E.H. McLaren,  LToiv  Microfilms 
(Ano  Arbor,  Mich),  Publ  No.  15174(1955X73 
pp)  & CA  50,  6 130(1956)1 Structure  of  tri- 
ammi nochromium  tetroxide  [(NHs),Cr04)} 
65)M.Linhard  & W.Berthold,  ZAnorgChem 

279,  173-81(1955)  & CA  49,  13812(1955) 
i Azidopentamminechromium(HI)  salts  and 
triazidotriamminechromium(III)(See  items 
Crl,Cr2,Cr3,Cr4,  and  Cr8  in  table  A)  66) 

E.S. Gould,  "Inorganic  Reactions  and  Scruc- 
ture/’H.Hok  and  Co,NY(1955),pp  351-7 
67)H.Remy/’ Treatise  on  Inorganic  Chemistry” 
(translated  by  J.S. Anderson), Elsevier, 
Amsterdam  v 1 (1956),pp  392-410( Coordina- 
tion theory)  and  v 2(1956),pp  304-6(Co 
ammines),pp  317-18(Ni  ammines)  & pp  389-90 
(Cu  ammines)  68)J.C.Bailar,  "Coordina- 
tion Compounds,”  ACS  Monograph  No.  131, 
ReinhoId,NY(1956),pp  59-6 2( Ammines) 

69) B. Taylor  & B. Joyner/ 'Study  of  Explosive 
Sensitivity  of  Cobalt  Ammine  Complexes,” 
NavOrd  Rept  5639(1957)(UXNot  consulted) 

70) F.Basolo  & R.G. Pearson,  "Mechanisms 
of  Inorganic  Reactions,”  Wiley,  NY(1958), 
pp  l-90(Numerous  refs)  71)W.R. Tomlinson, 
Jr/ 'Properties  of  Explosives  of  Military  In- 
terest,” PATR  1740,  revised  by  O.E. Sheffield 
(April  1958XU)(Expls  props  of  standard  mil- 
itary explosives)  72)H.Taube  & A.G.Maddock, 
edits, "Chemistry  of  the  Coordinate  Com- 
pounds’’Pergamon  Press,  NY,vl(1958X638  pp) 


Additional  References  on  Ammines: 

L.  M.  Orlova,  ZavodLab  8,  502(1939)  & CA36, 
6935(  1942)Destruction  of  cobaltic  ammines 
can  be  achieved  by  treating  with  thiosulfate 
in  acid  soln:  2tCo(NH3)8]  + 2Na,SjOs  + 12HC1 
• 2CoCl,  + Na,S408+  12NH4C1  + 2NaCl 


Ammi sslblo(Ital).  Permissible  or  "Per- 
mitted’ ’ (Explosive) 

Ammoksli  or  Ammonxyl:  Russian  AN  mining 
expls  such  as;  a) AN  82  & TNX(called  in 
Russ  "ksilil”  or  "xylyl”)  18%  b)AN  82, 
TNX  12  & AI  powd  6%.  Properties  of  b)  are: 
rate  of  deton  5300  m/sec,  temp  of  expln 
3380°,  heat  of  expln  1180  cal/g  and  vol  of 
gases  evolved  on  expln  836  1/kg  at  STP 

Ref.  A.  D.  Blinov, Artillery  Course,  Voyennoye 
Izdatel’stvo,  Moscow,  2(1949) 

Ammon.  Ger  for  Ammonia  or  Ammonium 
Ammons  were  AN  raining  expls  of  varying 
compns  developed  in  England  prior  to  WW II 
during  a shortage  of  glycerin  to  replace  NG 
expls.  Their,  strength  was  about  78%  of  blast- 
ing gelatin  and  vel  of  deton  and  sensitivity 
to  shock  and  friction  values  were  lower  than 
those  for  NG  expls  of  corresponding  strength. 
They  were  appreciably  hygroscopic  and  their 
oxygen  balance  was  near  zero 

Refs : l)Wm.CulleG  & J.E. Lambert,  Bull- 

In  stMiningMet  No  399,  (1937)  & CA  32, 19  33 
(1938)  2)Ibid,  MiningJ(London)  199,  1125-6 
(1937)  & CA32,  3963(1938)  3)Ibid,Buil- 
MiningMet  No  400,  1-9(1938)  & CA  32, 
2751(1938) 
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AMMONAL  (USA) 


(Ammonal,  Alunistol  5urronTi ^ Mine!  2nd 
Nobel1  s 704(GtBritain);  Ammonal  (France); 
Ammonal  and  Fillers  19,  110  & 13-113 
(Germany);  Ammonal,  Toluol- Ammonal  and 
Nitramit  (Italy)  ; Amonal(Spain);  Ammonal 
(Russia)  and  Ammonauru(Japan)] 

Ammonals  are  explosive  mixtures  contain* 
ing,  as  the  principal  ingredients,  AN  and 
powdered  A1  incorporated  with  high  explos- 
ives, such  as  TNT,  DNT,  RDX  and  HNDPhA. 
Powdered  carbon  was  also  used  in  the  first 
ammonals 


Historical  and  Properties.  The  idea  of 
incorporating  pcwdcrcu  A 1 x n exp  1 mixes 
was  originated  by  R.Escales  in  1899  and 
by  H.vonDahmen  in  1900  but  the  explosives 
called  "Ammonal1  * were  patented  in  1900 
by  G.Roth  (Refs  1,  3 & 6).  Originally  all 
ammonals  contained  AN,  A1  and  charcoal. 

The  incorporation  of  charcoal  was  based  on 
the  assumption  that  the  following  reactions 
take  place: 

3NH4N0,  + 2A1  - 3Nj  + 6Hj  0 + Al, 03  + 5 22  kcal 
Al2  03  + 3C  -»  3CO  + 2AI  (Refs  3 & 17) 


„ 1 — - a „ c„  1 1 

I^IH  aiou  pi  vettu  03  1V11UW  o . 


jl  lit.  iwa^Liuu 


4NH.N0,  + 2AI  +C-  AL  0,  +C0  + 8H, 

(Refs  3 & 18) 

If  the  above  reactions  occur,  then  the  volume 
of  gasous  products  is  increased  as  a result 
of  the  presence  of  carbon  and  the  high  temp 

j 1 i i__.  ^ l ^ ai 

UC  YClLTpCLl  u y UAlUilLlUlA  Ul  LUC  n,i 

Later,  a small  quantity  of  TNT  was  added 
to  make  the  expl  compn  more  sensitive  to 
deton  and  to  increase  its  power  and  brisance. 
U'hen  ammonals  were  first  tried  for  military 
purposes  in  Austria,  it  was  found  necessary 
to  increase  the  amount  of  TNT  in  order  to 
obtain  higher  loading  densities 

One  of  the  earliest  Ger  ammonals  was 
invented  by  Fiihrer.  It  contained:  AN  83, 
charcoal  3,  Al  14%.  In  France,  Lheure  pro- 
posed the  following  mixture:  AN  71,  charcoal 
4 & AI  25%,  which  was  tested  and  approved 
in  1902  by  the  Commission  des  Substances 


Explosives.  Finally(sometime  after  WWI), 
the  Austrians,  Germans,  French  and  British 


w : :i :► 
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ammonals  and  these  explosives  became 
simply  mixtures  of  amatols  with  aluminum. 
(See  also  Alumatol  and  Amatol) 

In  the  ammonals  not  contg  carbon,  the 
mixture  of  TNT  and  AN  detonate,  developing 
a very  high  temp,  which  causes  volatilization 
or  the  AI  powder.  Secondary  reactions  which 
follow,  involve  the  oxidation  of  vaporized 
Al,  either  by  air  (if  it  is  present)  or  by  the 
products  formed  on  deton  of  TNT  and  AN, 
such  as  C02  and  H2  0: 


3C0a  +2A1  -*  AljO,  + 3C0 
3H,  0 + 2A1  -»  Al,  0,  + 3H, 


These  highly  exothermic  reactions  develop 
much  additional  heat,  causing  greater  ex- 
pansion of  the  gases  and  consequently  greater 
blast  effect 

Between  TCW  I and  WW  II,  ammonals  were 
investigated  in  the  Chemisch— technischen 
Keichsanstalt,  Germany,  by  Haid  & Schmidt 
(see  Ref  20),  who  reported  that  Al  reacts 
not  only  with  02  but  also  with  N2  with  the 
formation  of  Al  nitride  (80  kcal/Al2N2), 

For  this  reason  the  Germans  developed  al- 
uminized explosives  with  a negative  oxygen 
balance.  The  ammonals  developed  by  the 
Austrians  and  used  during  WW  I had  positive 
oxygen  balances.  Expls  contg  Al  were  also 
investigated  by  the  eminent  Swiss  chemist 
A,  Stettbacher(Ref  14),  who  showed  that  the 
addition  of  Al  increases  the  power  while  it 
slightly  decreases  the  performance  of  the 
explosives.  Stettbacher  also  found  that  Al- 
contg  explosives(such  as  ammonals,  etc) 
were  most  suitable  in  underwater  performance 
and  as  such  were  used  during  WW  II  in  depth 
bombs  and  torpedoes 


of  ammonals  might  be  hydrolyzed  in  the 
presence  of  moisture  with  the  formation  of 
ammonia  but,  due  to  the  presence  of  Al,  the 
amount  of  ammonia  will  be  much  greater. 

This  amount  might  be  as  much  as  3 times 
greater  with  ammonals  than  with  80/20  amatol. 
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The  presence  of  ammonia  is  very  undesirable 
because  it  reacts  with  TNT  to  form  a complex 
addition  compd  which  ignites  at  67°.  In  addi- 
tion, the  reaction  between  A1  and  moisture 
produces  hydrogen,  which  is  highly  inflammable 
in  oxygen  or  oxygen- containing  compds.  If 
ammonia  is  detected  in  ammonals  (identified 
by  odor  or  hrown  coloration),  the  shells 
should  not  be  washed  out  be  steam  but  by 
means  of  a stream  of  cold  water 

The  effect  of  incorporating  Al  in  AN/TNT 
mixts  was  reported  to  be  as  follows:  a)  in- 

crease in  sensitivity  to  impact,  to  friction 
and  to  rifle  bullet  impact  b)increase  of 
temp  of  deton  from  ca  1710°  to  ca  3914°  and 
even  to  4000°  c)  increase  in  strength 
(power)  about  20%  d)lncrease,  in  some 
cases,  of  total  vol  of  gases  evolved  on  deton 
e)decrease  in  vel  of  deton  and,  in  some  cases, 
in  brisance(Ref  18,  p 372  & Ref  19,  pp  85*6) 

In  general,  the  current  ammonals  are  fairly 
insensitive  and  stable  mixtures  but  they  are 
hygroscopic  due  to  the  presence  of  AN.  Even 
if  a small  amount  of  moisture  is  absorbed, 
the  Al(especially  if  impure)  often  reacts  with 
it  resulting  in  a slow  evolution  of  hydrogen 
gas.  This  gas  evolution  usually  occurs  in 
storage,  particularly  at  high  temps.  Ammonals 
are  solublefexcept  the  Al  component)  in  water 
and  acetone.  They  react  (in  the  presence  of 
moisture)  with  the  same  metals  as  the  amatols, 
that  is,  copper,  bronze,  lead  and  copper- 
plated  steel(Ref  19) 

Preparation  of  Ammonals.  In  the  USA 
ammonals  were  prepd  by  a method  similar 
to  that  used  for  the  prepn  of  amatols:  the 
calcd  amt  of  TNT(or  other  aromatic  nitro- 
compd)  was  placed  in  a kettle  (provided  with 
a steam  jacket  and  an  agitator)  and  heated 
between  85°  and  100°.  To  this  was  added 
gradually  and  with  stirring,  the  calcd  amt 
of  powdered  AN,  previously  preheated  to 
the  same  temp  (85  to  100*9-  Finally,  Al 
powder  was  added  and  the  mass  cooled 
while  continuing  the  agitn.  The  resulting 
mixt  was  in  the  form  of  a grayish  pdr.  If  the 
ammonal  mixt  contained  less  than  40%  TNT 


it  had  to  be  press-loaded  but  with  40%  TNT 
or  more  such  a mixt  could  be  cast  loaded 
directly  into  ammunition  components.  In  pre- 
paring cast  mixts  a dry  blend  of  the  powdered 
Al  and  AN  was  added  with  stirring  to  molten 
TNT  heated  in  a steam-jacketed  kettle 
According  to  PepinLehalleur(Ref  12),  am- 
monals were  prepd  in  France  by  a method 
similar  to  that  used  to  prepare  black  powder. 
The  calcd  amt  of  the  ingredients  (total  35kg) 
were  wetted  with  water  to  make  about  a 4% 
moisture  content  and  then  worked  for  about 
1 hour  on  a wheel  mill  similar  to  that  de- 
scribed in  Ref  15, p 46 

Composition  and  Uses  of  Ammonals  as 
Commercial  Explosives.  Originally,  ammonals 
were  used  as  commercial  blasting  explosives 
and  only  with  the  outbreak  of  WW  I did  the 
use  of  ammonals  for  military  purposes  began. 
As  commercial  explosives  they  may  be  used 
for  any  blasting  operation  except  in  ''gas- 
eous'’ (fiery)  coal  mines  (German  regulation 
prohibit  their  use  in  such  mines).  Ammonals 
are  especially  useful  in  blasting  soft  rocks 
because  the  force  of  the  expin  does  not  break 
the  rock  into  pieces  which  are  too  small 
for  building  or  other  purposes.  The  ammonals 
used  in  coal  mining  should  contain  reduced 
amts  of  Al,  as  well  as*  some  compds  (such  as 
a dichromate)  which  serve  to  reduce  their 
temp  of  explosion.  The  density  of  ammonals 
used  in  commerce  was  ca  1.0  g/cc 

The  table,  p A289,  gives  compositions  of 
some  commercial  blasting  ammonals  * 

Composition  and  Uses  of  Ammonals  as 
Military  Explosives.  Originally,  ammonals 
were  used  as  commercial  blasting  explosives, 
but  with  the  outbreak  of  WW  1 they  began  to 
be  used  for  military  purposes  such  as  filling 
grenades,  aerial  bombs,  land  and  sea  mines 
and  trench  mortar  projectiles.  The  Austrians 
also  used  ammonals  for  loading  cannon  shells, 
but  loading  densities  were  too  low  (see 
Notes  below)  to  achieve  good  explosive 
efficiencies 
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Commercial  Blasting  Ammonals 

Felixdorf  Factory  Ammonals  Ripping  St  Helen's  Nuevo 


A 290 


Notes:  a)  Although  ammonals  can  be  cast 
and  compressed  to  densities  as  high  as  1.65 


rn  _r  in  _ o<  \ 
U'ti  iy,  y 


SUCu  highly  compressed  ilia- 


terials  are  very  difficult  to  detonate  and  re- 
quire very  strong  boosters.  In  order  to  assure 
their  complete  deton  by  conventional  methods 
of  initiation,  the  ammonals  are  usually  pressed 
to  a density  of  ca  1.2.  However,  this  density 
is  not  sufficient  for  the  safe  firing  of  shells 
at  high  velocities  because  there  is  always 
the  danger  of  premature  explosions  due  to 
set-back  b)  According  to  Marshall(Ref  5,  p 
558),  ammonal  is  said  to  be  insensitive  to 
blows  and  can  be  fired  through  the  armour 
plating  of  a warship  without  exploding.  This 
probably  refers  to  the  Austrian  ammonal:  AN 
58.6,  A1  21.0,  TNT  18.0  & charcoal  2.4%, 
compressed  to  a high  density  — say  1.6 
Originally,  ammonals  were  not  considered 
very  favorably  by  military  authorities  due  to 
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of  Al  in  explosives.  Also,  A1  was  very  scarce 
and  very  expensive  during  WW  I.  As  soon  as 
the  price  of  Al  dropped  and  the  supply  be- 
came plentiful  (sometime  after  WW  I),  several 
new  formulations  for  ammonals  were  reported. 
They  were  used  during  WW  II  and  these  mix- 
tures were  more  effective  than  those  used 
during  WW  I.  The  uses  of  ammonals  during 
WW  II  included:  demolition  charges,  block 
busters,  aerial  bombs  (such  as  concrete- 
fragmentation  bombs)  and  underwater  ammu- 
nition, (such  as  mines,  torpedoes  and  depth 
charges).  Inasmuch  as  ammonals  produce 
brilliant  flashes  on  explosion,  they  are  suit- 
able for  use  in  shells  employed  for  testing 
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The  table,  gives  the  compositions 
of  some  ammonals  used  for  military  purposes 
during  WW  I and  WW  11  (See  this  page) 

Note  1 : American  military  ammonal,  designated 
as  1 in  attached  table,  was  developed  during 
WW  I.  It  is  a grayish  powder  which  may  be 
cast  loaded.  Its  properties  are:  mw  102,  OB 
to  C02  ~55%,  OB  to  CO  -22%,  density  1.65, 
brisance  (by  sand  test)  47.8g(TNT  48.0g), 
power  (by  ballistic  mortar)  122%  of  TNT, 
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impact  sensitivity  9 1 cm  (TNT  90  Cm)  with 
2kg  wt,  Bur  of  Mines  App  and  11"  (TNT  14"), 
with  2kg  wt,  Pic  Arsn  App;  expln  temp  265° 
(dec),  sensitivity  to  initiation  required  0.20g 
of  MF,  stability  to  heat-  si  inferior  to  TNT. 

It  was  used  as  a shell  filler  (Ref  21,  pp  12- 

13) 

Note  2;  Ammonal  designated  m the  table 
A290»as  2 is  similar  in  composition  to  the 
"British  Service  Ammonal"  used  for  demo- 
lition purposes.  It  must  be  press-loaded  be- 
cause it  does  not  contain  sufficient  TNT  to 
permit  cast  loading  (Ref  19,  p 84) 

Note  3:  Properties  of  the  Austrian  ammonal 

1 ! i — t 1 - 1 1 ’ * l nr  > > 

lcu  aa  i auu  diau  miuwki  ao  aiuiiiuuai  Ly 

are  given  by  Sukharevskii  and  Pershakoff 
(Ref  10),  as  follows:  density  ca  1.6  (Ref  13 
gives  1.62),  heat  of  formation  +550  cal/g, 
heat  of  expln  1465  cal/g(Ref  13  gives  1485), 
vol  of  gases  of  expln(including  H20  vapor) 

605  1/kg,  temp  of  explosion  4050°,  vel  of 

J _ . . . e / An  / . _ _ f'ry  _ c.  A . ■ e/e  A\  'f  • _ 

ucion  j^iuu  m/  strc^nei  gives  speuniL: 

energy  f (Abel)  9900(TNT  8080),  power  by 
Trauzl  test  470cc(TNT  290);  (Trauzl  test 
values  for  ammonals  and  other  Al-contg  ex- 
plosives are  always  unduly  high  due  to  the 
erosion  of  the  lead  testing  block  resulting 
from  the  enormous  heat  liberated  on  combustion 
of  Ai );  brisance  by  copper  crusher  test  2.8 
mm(TNT  3.6mm)  or  77.7%  of  TNT,*  brisance 
by  Kast  formula  85.5  * 106  (TNT  86.1  * 10® ) 
or  99.2%  of  TNT;  sensitivity  to  friction- 
insensitive;  sensitivity  to  impact  (2kg  wt) 

60cm  (TNT  90cm).  The  Austrian  "ammonal 
T"  was  invented  in  1917  by  R.  Forg  to  be 
used  for  underwater  ammunition  such  as 
torpedoes,  sea  mines  and  depth  charges.  This 
explosive  has  no  advantage  over  TNT  or  PA 
when  used  in  air,  but  underwater  it  is  def- 
initely more  effective.  It  has  been  claimed 
that  this  ammonal  was  used  in  torpedoes  which 
destroyed  during  WW  I the  French  cruiser 
Lfcon  Gambetta  and  the  Italian  cruiser  Gari- 
baldi (Ref  13) 


Hofwimmer  & Heckei(Ref  7)  claimed  that 

some  German  ammonals  had  vel  of  deton  as 
u: -u  „„  <lk. ~ a i <c->\  i ,.«i 

Jllgii  aa  /vyv  ill/  u LVtai  yui  ui 


n Q t-jc»  c r\f  ovriln  7 Af\  1 /\ ret  n-i  ^ v r»f  Acc/rtdl 
^ ,v6>  r*- 

2693  kg/cm*,  temp  of  deton  3720°  and  spe- 
cific energy  (f)  10820.  The  Felixdorf  Powder 
Works  in  Austria  (Ref  2)  reported  that  some 
Austrian  ammonals  gave  better  fragmentation 
test  values  than  PA 


Adult  LKjnai  Ifij Or  rndiiOf^  GTi  A tftwGTitlls 
Their  Uses: 


Germany  In  addition  to  the  ammonals  listed, 
in  the  above  tables  and  in  Ref  23,  p 4,  there 
was  Fullpulver  19  (Fp  19):  AN  35,  TNT  55 
& Al  10%  used  in  some  HE  shells  of  mountain 


.Ml  ....  _ 1 i L _.t f 3 H3  1*5  1l3\.  A\1 

cannery;  ruupuiwr  \ry  ij-iij;.  ni> 

70,  TNT  20  & Al  10%  — used  in  some  GP 
bombs  and  Ftillpulver  110  (Fp  110);  AN  90, 
Al  2.5,  naphthalene  5 & wood  meal  2.5%  — 
used  press-loaded  in  some  bombs  (Ref  23, 
pp  47  - 8) 


Great  Britain  Taylor  & Gay  (Ref  24)  give 
the  following  compn  and  props  of  one  of  the 
current  "non-permitted"  expls:  AN  83,  TNT 
12  & Al  5%.  It  is  free-running  powder  of  d 
1.1  and  power  88%  of  blasting  gelatin.  Used 
for  blasting  in  (jusrriss  £tnci  for  general  wo  rk 
under  dry  to  damp  conditions 


Italy  Several  pre-W~W  II  ammonals  were  iisted 
by  Molina  (Ref  8a),  including  a)  AN  54,  Al 
24,  MNB  20  a carbon  2%  b)  AN  65,  Al  17  (of 
which  16%  was  coarse  and  1%  fine),  TNT  15 
& carbon  3%*  It  was  not  stated  whether  they 
were  used  by  the  Italians.  All  & EnExpls 
(Ref  19,  p 84)  lists  the  following  ammonal 
used  during  WW  II  for  military  purposes:  AN 
84.5,  K nitrate  1.5,  Ba  nitrate  0.5,  Al  powder 
5-5  & BkPdr  8.0%.  It  required  a booster  for 
detonation  Mangini  (Ref  19a)  lists  the  follow- 
ing compns  suitable  for  military  purposes: 
a)  AN  72  to  95,  Al  powder  2 to  25  & carbon  0.8 
to  3%  b)  AN  46  to  64,  Al  powder  17  to  22,  carbon  3 
& TNT  15  to  30%.  The  last  expl  was  also 
called  "toluol- ammonal".  TNN  was  used  in 
some  compns  in  lieu  of  TNT.  Belgrano  (Ref 
20b,  p 163)  lists  a compn  similar  to  ammonal, 
which  is  called  "dinammon”  (See  also  Nitra- 
mite) 
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Japan . An  expl  consisting  of  AN  & charcoal 
and  known  as  ammon^yaku,  was  listed  as  a 
"substitute  powder”.  Its  uses  are  unknown 
(Ref  17b,  p 29  & Ref  21,  p 212) 

Russia.  Several  ammonals  were  used  for 
civilian  and  military  purposes,  of  which  the 
following  seem  to  be  most  common:  a)  AN 
82,  TNT  12  & A1  powder  6%  b)  AN  80  & A1 
20?J,  in  which  the  A1  was  not  too  finely  pul- 
verized — otherwise  it  coated  the  AN  grains 
thus  impeding  the  reaction.  This  mixt  had 
the  following  props:  Trauzl  test  value  520  cc; 
brisance(by  the  Hess  lead  crusher  test)  15.5 
mm  at  d 1.0  & 22  mm  at  d 1.3,  vs  13.0  for 
loose  uncompressed  TNT;  tot  vol  of  gases 
evolved  on  deton  700  1/kg  at  NTP;  heat  of 
expin  1680  cal/g  (with  AlaOs  as  solid)  and 
1270  cal/g  (with  AI2Oj  as  gas)  (Refs  19b  & 
20a) 

Spain.  In  addition  to  the  ammonals  listed  in 
the  above  tables  and  in  Refs  17  & 18,  it 
would  be  of  interest  to  list  here  a fairly 
powerful  and  brisant  expl  developed  in  1933 
by  Prof  A.  Blanko  and  called  amonal  1 . It 
contained  AN  92.4  carbon  6.6  & A1  1%  and 
was  used  by  the  Forces  of  Gen  Franco  during 
the  Spanish  Civil  War.  Its  expl  props  com- 
pared favorably  with  those  of  75%  dynamite 
(Ref  1 7b) 

Fire  and  explosion  hazards  of  ammonal  are 
briefly  discussed  in  Sax  (Ref  21a),  but  its 
toxicity  is  not  mentioned.  It  would  be  safe 
to  assume  that  toxicity  of  ammonals  is  similar 
to  that  of  mixts  of  amatol  (Ref  21a,  p 266) 
with  aluminum  (Ref  21a,  pp  259  & 261) 

References  on  Ammonals:  l)G.Roth,GerP 
172,327(1900)  2)Pulverwerk  Felixdorf,  SS 
l,  26-7(1906)  3)R.Escales,’,Ammonsal- 
petersprengstoffe”,  Veit,  Leipzig  (1909),  69- 
71,  97-8,  187  & 201-209  4)Marshali  vl 
(1917), 393-4  5)Marshali  v2  (1917), 557-9 
6)R.Forg,  "Ammonal”  Otto  Klemm,  Wien(1917) 
(200  pages)  7)F.Hofwimmer  & F.Heckel, 

SS  13,  169-72(1918),  "Beitrage  zur  Kenntnis 
des  Ammonals”  8)Barnett(1919),114  & 195 
8a)  Molina(1930),  339-40  9)Marshall  v 3 


(1932), 116-18  & 152  10)Sukharevskii  & 

P er sh ako v( 1 93 2 ), 5 5 & 150  ll)Stettbacher 
(1933),  308-9  12)Pepin  Lehalleur(1935), 

352  13)H.Muraour,  Protar  9,  62-3(1943) 
14)A.Stettbacher,P’rotar  9,212-18  & 233-42 
(1943)  15)Davis(1943),368  16)Bebie(I943), 

21  1 7)P  ^re  z-  Ara(  1 94  5 ),  24  5-  7 17a)PB 

Rept  No  925(1945)  17b)Serrano  de  Pablo, 
Revista  de  Aeronautics  4,  41-44(1943)  & CA 
39,  3159(1945)  17c)Anon,  US  Navy  Dept, 
OPNAV  30-3M(1945),  29  I8)Vivas,Feigenspan 
& Ladreda,  v 2 (1946), 372-3  18a)PBL  Rept 
No  85160(1946)  19)All&EnExpls(1946), 

83-7  19a)Mangini(1947),225  19b)S.B. 

Ratner,  GornyiZhur  121,  No.  5,  21-5(1947)  & 

CA  42,  4347(1948)  20)Stettbacher(1948), 

88-90  20a)Blinov  vl(1948),  19  20b) 

Belgrano(1952),163  21)Anon,  Dept  of  the 
Army  TM  9-1910(1955),  184,214,269  & 315 
21a)  Sax(1957),273  22)PATR  1740(Revl) 

(195 S),  12- 13  23)P ATR  2510(1958), 4 24) 

Taylor  & Gay  (1958),26  25)Dr  L.R.Littleton, 

Washington,  DC;  private  communication  (See 
also  PicArsnTechRepts  1108,1286,1292,1308, 
1372  & 1783) 

Ammonals,  Analytical  Procedures 

Identification  of  ammonals  by  color  reactions 
described  under  Amatols  (qv)  and  in  Ref  2, 
pp  269-70,  is  also  applicable  to  ammonals. 

This  procedure  does  not,  however,  identify 
the  AI  always  present  in  ammonals.  For  detn 
of  Al  it  is  necessary  to  apply  one  of  the  pro- 
cedures listed  below 

Quantitive  Analysis  of  Ammonals.  Wogrinz 
(Ref  1)  described  the  procedure  which  is 
essentially  as  follows:  a)  Thoroughly  pul- 

verize and  dry  the  unknown  material  and 
weigh  accurately  a sample  of  ca  lg.  Place  it 
on  a tared  filter  and  rinse  thoroughly  with 
several  portions  of  chloroform.  Dry  and  weigh 
the  residue  on  the  filter.  Loss  in  wt  is  equal 
to  TNT  or  ocher  nitrocompds  in  amatol  b) 
Rinse  the  residue  with  several  portions  of 
cold  water,  dry  and  reweigh.  The  loss  in  wt  is 
equal  to  AN  c)Fold  the  filter  with  residue, 
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insert  it  in  a small  cylindrical  glass  vessel 
and  introduce  it  in  a vertical  position  into 
about  50  cc  of  50%  KOH  soln  in  an  Erlenmeyer 
flask  which  is  a part  of  an  apparatus  con- 
sisting of  a gas  measuring  burette  and  a 
levelling  bulb  d)Connect  the  flask  by  means 
of  its  ground  glass  neck  to  the  ground  glass 
fixture  connected  to  a three  way  stopcock  of 
the  burette  which  is  filled  with  water  e) 

With  the  stopcock  closed  to  the  flask  and 
open  to  atmosphere,  move  the  levelling  bulb 
until  the  level  of  water  in  the  burette  is  at 
zero.  f)Open  the  stopcock  to  the  flask  and 
tip  the  apparatus  slightly  to  make  the  glass 
cylinder(inside  the  flask)  fall.  g)Contact 
of  A!  with  KOH  soln  will  cause  the  evoln  of 
hydrogen  and  movement  of  the  level  of  water 
in  the  burette.  The  reaction  lasts  about  1 
hour.  From  the  volume  of  hydrogen  evolved 
the  amt  of  A1  is  calcd.  h)If  there  is  any 
black  residue  in  the  flask,  the  presence  of 
carbon  is  indicated  and  if  the  residue  is 
yel  or  brown > the  wood  rncsl  is  present 

Quantitative  Procedure  Used  at  P icatinny 
Arsenal:  a)Quantitatively  transfer  an 
accurately  weighed  sample  (ca  lg)to  a fared 
sintered  glass  extraction  thimble  and  extract 

Ammonalmatrite.  See  under  Almatrites 

Ammoncahusit.  See  Wetterammoncahusit  in 
PATR  2510(1958),  p Ger  260,  table  64 

Ammoncarbonites.  Belgian,  Brit  & Ger 
coal  mining,  permissible  expls  contg  large 
amts  of  AN  and  small  amts  of  NG,  such  as; 
a) AN  82.0,  K nitrate  10.0,  NG  4.0  & WM 
4.0%  b)AN  56.4  Na  nitrate  7.0,  NG  5.0, 
glycerin  5.0,  WM  4.0  & Na  chloride  22.6 
c)AN  80.3,  K nitrate  5.0,  NG  4.0,  NC  0.2, 
coal  dust  6.0  & starch  4,5% 

Note:  Ger  Ammoncarbonites  are  described 
in  Ref  4 

Refs:  l)Marshall  1(1917),  396  2)Bamett 

(1919),  118  & 194  3)Namim,  NG(  1928), 434 
4)P  ATR  2510(1958),  p Ger  5 


with  anhyd  methylene  chloride  (ca  lg)  using  atared 

flask  placed  on  a water  bath  b)Adjust  the 
temp  of  the  bath  so  that  the  solvent  drips  at 
the  rate  2-3  drops  per  second  c)When  extrac- 
tion is  complete  evaporate  the  liquid  in  the 
flask  to  dryness  under  a stream  of  dry  air  and 
then  in  a vacuum  desiccator  to  const  wt  d) 
Subtract  the  wt  of  the  flask  from  the  tot  wt, 
thus  obtaining  the  wt  of  TNT  e)  Dry  the 
thimble  with  the  residue  and  extract  AN  with 
water  into  a second  cared  flask.  f)  Deter- 
mine the  amt  of  AN  according  to  Spec  JAN- 
A-175, Par  F-4),  or  identify  it  by  one  of  the 
color  reactions,  such  as  with  DPhA  or  thymol 
g)  Dry  the  thimble  with  the  residue,  weigh  it 
and  extract  the  A1  with  coned  HCl  h)Deter- 
mine  the  amt  of  A1  as  aluminum  8-hydroxy- 
quinolinate,  Al(CgH6ON)j  according  to  Spec 
JAN-M-454,  Par  F-4c(2)  or  by  other  procedures 
described  in  the  books  on  analytical  chemistry 
i)Dry  the  thimble  and  reweigh.  Total  wt, 
minus  the  wt  of  thimble  gives  the  wt  of  residue. 

If  the  fcsidus  is  bl«ck,  it  is  c s rb o fi  if  tbs 

color  is  yellowish  or  brown,  the  possibility 
of  presence  of  wood  meal  is  indicated 
Refs;  DA.Wogrinz,  SS  14,  62(1919)  2) 

Anon,  Dept  of  the  Army  TM  9-1910(1955),  269- 
71  3)N. Liszt,  PicArsn;  private  communi- 

cation 

Ammondynomit.  A type  of  Ger  mining  dyna- 
mite contg  large  amtsof  AN  and  NG,  such 
as  AN  45  to  75,  Na  nitrate  5 to  0,  NG  40  to 

20  & WM  3 to  10%.  This  type  of  expl  was 
also  used  in  France,  Gt  Brit  & USA  (See 

dt  On  ArrlmA«!iim  Hrm 

Refs:  l)Naoum,  NG(1928)  2)Bebie(  1943), 

21  3)P  ATR  2510(1958),  p Ger  5 

Ammondyne.  A type  of  mining  expl:  AN 

45-51,  Amm  oxalate  17-19,  NG  9-11,  Na 
nitrate  8-10  & dry  WM  11-13% 

Ref:  Cond  ChemDict  (1942),  287(not  listed 
in  the  new  editions) 

Ammonex.  Under  this  name  are  known  thirteen 
castable  AN  expls,  not  contg  TNT,  prepd  and 
examined  during  WWII  at  PicArsn,  Dover,  NJ. 
Their  compns  are  given  in  Table  p 294 


Note:  Pouf  point  is  the  temp  below  which  mixt  does  not  readily  flow  by  gravity  and  pouring  temp(min)  is  about  5°C  above  pour  point 
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The  following  conclusions  may  be 
reached  in  regard  to  the  table,  p A294: 

a) Ammonex  A developed  by  Phillips  (Ref  1) 
while  satisfactory  with  regard  to  stability 
and  loading  characteristics  is  of  low  bris- 
ance(when  cast-loaded  at  high  d in  3"  M42 
shell  and  subjected  to  fragmentation  test) 

b) Ammonex  M is  comparable  to  TNT  in 

bri s an ce( fragmentation  test),  loading  char- 
acteristics, stability  and  exudation  and  for 
these  reasons  may  be  considered  as  a suit- 
able expl  for  shell-loading  c)Ammonex  J, 
while  as  satisfactory  in  brisance  and  ex- 
udation as  M,  cannot  be  poured  below  100° 
d)Ammonex  L,  while  not  as  stable  as  M or 
TNT,  is  comparable  to  pentolite  and  tetrytol 
in  other  props.  It  is  very  sensitive  to  rifle 
bullet  impact  e)Ammonex  E,  while  favor- 
able with  regard  to  fragmentation  and  stabil- 
ity, exudes  a dark-brown  oily  liq  when 
stored  at  50°  or  65°  for  7 days.  This  liq 
forms  upon  cooling  needle-like  crysts 
f)  Ammon  ex  F,  while  satisfactory  in  bris- 
ance and  in  100°  stability  tests,  is  un- 
satisfactory with  regard  to  exudation  and 
120°  vac  stab  test  g)Ammonex  K,  while 
satisfactory  in  regard  to  brisance  and 
exudation,  is  unsatis  in  regard  to  120° 
vac  stab  test  and  pour  point.  It  is  very 
sensitive  to  rifle  bullet  impact  h)Am- 
monex  D,  while  not  too  low  in  brisance, 
is  unsatisf  due  to  exudation  and  high  pour 
point  i)Amraonex  I is  unsatisf  due  to 
its  high  pour  point  j)Ammonexes  B and 
C,  as  well  as  previously  mentioned  Am- 
monex  A,  are  too  low  in  brisance  as 
detnd  by  the  fragmentation  test  k)Props 
of  Ammonexes  G & H were  not  given  in 
Refs  1 and  2 


Refs : 1) A. J. Phillips,  PATR  1106(1941) 

2)R.D.Sheeline,  PATR  1234(1943) 

Ammongelatine.  A type  of  Ger  permissible 
gelatin  dynamite.  Several  compns  are 
listed  in  PATR  2510(1958),  p Ger  5 

Ammongelatine  Dynamit.  A type  of  gelatinous 
or  plastic  expl  invented  in  1879  by  A,  Nobel, 
in  Sweden.  One  formulation  contained  NG 
71,  CC  4,  charcoal  2 & AN  23 %,  another 
contained  NG  25,  CC  1,  charcoal  12  & AN 
62%.  The  1st  dynamite  was  gelatinous, 
whereas  the  2nd  was  plastic  and  rather 
crumbly 

Note:  In  these  expls,  AN  particles  were 
coated  with  NG-CC  jelly.  It  was  supposed 
that  this  jelly  carries  the  expl  impulse 
originating  in  the  detonator  to  the  AN  caus- 
ing it  to  decomp  explosively  with  the  forma- 
tion of  N2,  HjO  and  02.  The  02  reacted 
with  charcoal  or  other  combustibles 

Formulations  of  these  dynamites  were 
later  changed  to  include  HE’s  such  as  TNT, 
TNX,  liq  DNT,  NS,  NGc,  etc.  These  compds 
act  not  only  as  sensitizers  for  AN  but  also 
as  antifreezes 

Compds  similar  to  Ammongelatines  are 
manufd  by  the  DuPont  Co  under  the  name 
of  "Extra  Dynamites"  (Ref  3) 

Refs:  l)Naoum,  NG(1928),  11  2)Davis 

(1943),  335  3)BIaster*s  Handbook  1952), 
59-62 

Ammongelignite.  A type  of  current  Brit 
"non-permitted  gelatinous  AN  expl.  It  is 
described  under  Ammonium  Nitrate  Gelatines 
Ammongelit  I.  An  expl  mentioned  in  Ex- 
plosivstoffe  1957,168  (compn  not  given) 


AMMONIA 

(Anhydrous  and  Aqueous) 

(Called  Ammoniak  in  Ger,  Ammoniaque  in 
Fr,  Ammiyak  in  Rus,  Ammoniaca  in  leal, 
Amoniaco  in  Span),  NHS,  mw  17.03*  N 82.25%, 
OB  to  H,0  + N4  141.2%,  rap  -77  7°,  bp  -33  4°. 
Col  gas  with  pungent  odor  at  ord  temp  and 
press,  col  liq  when  compressed;  usually 
stored  in  "HortOQspberes”  at  press  40  * 50 
psi;  critical  temp  132  4°,  crit  press  111. 3 atm, 
d 0 772  g/1  at  0°  and  0.817  g/cc  at  -79°; 
autoignition  temp  651°,  vap  press  10  atm  at 
25  7°,  expl  range  (in  air)  16  0 - 25  0%.  Fire 
and  ezpln  hazard  moderate  when  exposed  to 
fIame(Ref82)  Sol  in  water,  alcohol  and  ether. 
Anhydrous  ammonia  is  irritating  to  eyes,  skin 
and  mucous  membranes  of  die  respiratory 
tract.  Ammonia  gas  at  concns  above  0 5%  in 
the  air  is  fatal  to  humans  after  prolonged 
breathing.  When  confined  under  pressure, 
anhyd  ammonia  may  shatter  the  container 
with  expl  force  (For  a general  discussion  of 
the  properties  of  ammonia  see  Refs  12,14,17, 
30,32,34,59,72  & 86) 

Ammonia  is  by  far  the  most  important  of 
the  hydride  compds.  It  can  be  prepd  by: 
a)synthesis  from  its  elements  b)hydrolysis 
of  nitrides  and  amides  c)reductioo  of  oxides 
of  nitrogen  and  d)the  dry  distillation  of 
nitrogenous  substs,  such  as  coal,  bones, 
etc.  The  history  and  occurrence  of  ammonia 
have  been  discussed  in  detail  by  Mellor 
(Ref  6),  Gmelin  (Ref  13),  Gamburg  (Ref  25), 
Kirk  and  Ochmer(Ref  32)  and  Mittasch  (Ref  47). 
The  use  of  3mmonia-water  solns  had  been 
mentioned  by  the  alchemists.  In  the  18th 
century  Priestley  isolated  ammonia  gas  and 
demonstrated  it  could  be  decomposed  by 
passing  it  over  a hot  wire  or  through  an 
electric  spark.  Van  Scheele  first  identified 
the  component  gases  and  Berthollet  and 
also  Henry  discovered  that  they  consisted 
of  3 parts  hydrogen  and  one  part  nitrogen. 

The  principal  source  of  ammonia  until  about 
the  twenties  of  this  century  was  the  by- 
product of  distillation  of  coal  for  gas,  coke 
and  tar.  Ammonia,  in  this  process,  was  ob- 


tained as  an  aqueous  soln(ammonia  liquor) 
and  could  be  recovered  either  as  Amm  sulfate 
or  as  NH,  gas,  which  could  be  liquified.  Other 
nitrogeo  contg  materials,  such  as  bones,  horns, 
etc  could  be  utilized  for  prepn  of  ammonia. 
Manuf  of  ammonia  from  coal  is  described  by 
Kirk  and  Othmer(Ref  32),  RiegeI(Ref  38), 

Just  et  al(Ref  62),  Little(Ref  69),  Martin  et 
al(Ref  71),  Shreve(Ref  80),  Osthaus(Ref  81) 
and  Groggins(Ref  86).  Fulton(Ref  45)  and 
Groggins(Ref  86)  describe  the  processes  for 
the  recovery  of  anhydrous  ammonia  from  its 
aq  solns 

The  first  successful  attempt  to  prep  ammonia 
by  direct  synthesis  of  atmospheric  nitrogen 
and  hydrogen  was  made  at  the  beginning  of 
the  century  by  F.  Haber . He  passed  a mixt 
1 vol  Nj  and  3 vols  Ha  at  moderately  high 
temps  and  under  press  over  a contact  catalyst. 
This  procedure,  which  consists  of  reduction 
of  nitrogen  from  N°  to  N was  inspired  by 
previously  developed  method  of  Birkeland  & 
Eyede  in  which  atmospheric  nitrogen  was 
oxidized  to  the  state  of  its  oxides.  In  this 
method,  called  "fixation  of  nitrogen,”  B & E 
passed  air  at  a rapid  rate  through  an  electric 
arc  spread  out  to  form  a flame  and  die  result- 
ing N oxides  were  removed  as  soon  as  they 
formed.  It  should  be  noted  chat  as  early  as 
1780  Cavendish  prepd  a small  quantity  of  N 
oxides  by  passing  a series  of  electric  sparks 
through  the  air.  The  method  of  Haber  is  the 
"direct  synthesis”  methods,  whereas  Frank 
and  Caro  process,  Serpek  process  and  Bagnulo 
process  are  "indirect  synthesis”  methods 

In  the  Frank  & Caro  process,  invented  in 
1895  - 7 and  known  as  the  "calcium  cyanamide 
method/’  a carbide,  such  as  Ca  carbide  ab- 
sorbs nitrogen  to  form  cyanamideffertilizer), 
which  by  a further  treatment  may  be  transformed 
either  into  cyanide  or  into  ammonia.  Thi  s 
process  was  used  in  Europe,  USA  and  Canada 
(Refs  38  & 71).  In  the  Serpek  process  intro- 
duced in  France  and  not  adopted  in  the  USA, 
nitrogen  was  "fixed”  as  Al  nitride  and  this 
gave  ammonia  when  treated  with  steam(Refs 
38  and  71).  In  the  Bagnulo  process,  invented 
in  Italy,  ammonia  and  other  N-contg  substances 
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are  obtained  by  a continuous  method  either 
from  Ca  cyanamide  or  from  the  reaction  of 
hydrocarbons  with  nitrogen  and  water(Ref  43) 
Of  all  die  known  methods  of  manuf  of  am- 
monia, the  most  important  is  the  " direct 
synthesis,"  which  consists  essentially  of 
producing  a gaseous  mixt  of  3 vols  of  hydro- 
gen and  1 vol  of  nitrogen,  purifying  the  mixt 
and  synthesizing  to  ammonia  by  passing  it 
at  high  press  and  temp  through  a converter 
contg  a catalyst.  The  resulting  anhydrous 
ammonia  is  stored  in  liq  form  and  under 
moderate  pressure  in  the  so-called  "Horton- 
spheres."  It  may  be  shipped  to  its  destina- 
tion in  a special  tank  car  or  truck 

Since  the  development  of  the  Haber  process, 
many  patents  were  issued  to  various  persons 
and  companies,  but  essentially  ail  the  "direct 
synthesis'*  methods  are  based  on  the  original 
process-the  main  differences  are  in  construc- 
tion of  converters  and  in  some  minor  details. 

A comprehensive  description  of  "direct  syn- 
thesis" methods  and  a general  discussion  on 
methods  of  manuf  of  ammonia  is  given  in 
Kirk  and  Othmer(Ref  32)  and  Faith,  Keyes  & 
Clark(Ref  83)  (See  also  Refs  4,7,19,20,21,23, 
23,27,32,33,35,36,38,39,42,48,49,50,60,62, 
70,71,77,79,80,81  & 82) 

A flow  diagram  of  the  direct  synthesis  of 
ammonia  as  practiced  at  the  TVA(Tennessee 
Valley  Authority),  is  given  on  pp  A298-9 
Following  is  the  list  of  "direct  synthesis" 
processes  practiced  currently  in  various 
countries:  a)Haber-Bosch(Refs  19,32,38,39, 

42,48  & 80)  b)Casale(Refs  19,38,39  & 80) 

c) Claude(Refs  19,32,38,39,49,50,76  & 80) 

d) Fauser(Refs  19,32,39,  & 80)  e)Mont- 
Cenis(Refs  19,32,38  8c  80)  f)Air  Liquide 
(Ref  80)  g)DuPont(Refs  20&  80)  h)Gen- 
eralChemical(Ref  19)  i)Kellogg(Refs  64  & 

80)  j)Mathieson(Ref  38)  k)NEC(Nitrogen 
Engineering  Corp)(Refs  32,39,67  & 80)  1) 

FNRL(Fixed  Nitrogen  Research  Laboratory) 
(Ref  80)  m)Uhde(Ref  39) 

The  following  may  be  added  to  the  informa- 
tion on  the  manuf  of  ammonia:  Mitchell(Ref 
26)  discusses  the  manuf  of  ammonia  from 
natural  gas  as  practiced  at  the  Lion  Chemical 


Corp  plant.  Holroyd(Ref  27)  discusses  syn- 
thesis of  ammonia  by  the  Haber-Bosch  process 
as  practiced  at  the  IG  Farbenindustrie  plants 
at  Ludwigshaven  and  Oppau, Germany.  Guill- 
aumeron(Ref  33)  reviews  the  production  of 
synthetic  ammonia  during  WWI1  in  USA  and 
Canada.  Cope(Ref  36)  discusses  US  produc- 
tion facilities  for  ammonia.  Odelhog(Ref  44) 
patented  an  ammonia  synthesis  process  using 
a granular  catalyst  consisting  of  either  Fe  + Ni, 
Fe  + Co , Fe  + Mg  or  Fe  + V at  temp  300° 
and  press  50  kg/cmJ.  Vergues  & Patry(Ref 
46)  describe  manuf  of  ammonia  from  natural 
gas  in  a plant  located  at  Saint-Marcel, 

Pyrenees, France.  Anon(Ref  48)  gives  a flow 
sheet  and  a brief  description  of  the  Lion  Oil 
Co  plant  at  El  Dorado, Arkansas.  The  plant 
was  designed  to  produce  ammonia  from  natural 
gas  by  modification  of  the  Haber-Bosch  pro- 
cess. Shearon  8c  Thompson(Ref  49)  describe 
the  modified  high  pressure  Claude  process 
plant,  at  Yazoo  City,  Mississippi.  The  authors 
also  state  that  the  first  Claude  units  were 
installed  in  USA  in  1927  and,  with  modifica- 
tions from  the  Casale  process,  are  now  owned 
by  the  DuPont  Co.  The  US  Govt  plant  at 
Morgantown,  West  Virginia,  was  designed, 
built  and  operated  during  WWII  by  the  DuPont 
Co  using  its  own  modification  of  the  high 
pressure  Casale  process.  Reidel(Refs  63, 

64,65)  describes  some  recently  constructed 
ammonia  synthesis  plants,  such  as  the 
Spencer  Chemical  Co  plant  at  Vicksburg,  Miss 
and  the  Kellogg  process  plant.  The  Spencer 
plant  is  also  described  in  Refs  66  & 68. 

Anon(  Ref  67)  and  Reidel  (Ref  79)  describe 
the  Phillips  Chemical  Co  plant  near  Houston, 
Texas.  It  is  die  NEC  (Nitrogen  Engineering 
Corp)  medium  pressure  process  utilizing 
natural  gas  as  starting  material.  Resen(Ref 
70)  describes  the  manuf  of  ammonia  at  the 
Lion  Oil  Co  plant  in  Louisiana.  Frankenburg 
(Ref  51)  studied  the  relationship  between  the 
nature  and  the  effectiveness  of  ammonia 
synthesis  catalysts.  Other  studies  of  syn- 
thesis catalysts  were  made  by  OdelhtigfRef 
44),  Enomoto  & Horiuchi(Refs  53  & 34), 
Nielsen(Ref  60),  Emmett(Ref  74)  and  Faith 
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et  aI(Ref  83).  The  thermodynamics  of  am- 
monia synthesis  was  reported  by  Oldham 
(Ref  22),  Enomoto  & Horiuchi(Ref  54),  Jag- 
annathan(Ref  56),  Harrison  and  Kobe  (Ref 
61)  and  Schmidt(Ref  78) 

Schlachman(Ref  21)  lists  the  US  War  Dept 
sponsored  synthetic  ammonia  plants  operat- 
ing during  WWH  and  Faith  Keyes  & Clark 
(Ref  83)  gives  a list  of  current  US  ammonia 
plants 

General  properties  of  ammonia  are  dis- 
cussed in  Mellor(Ref  6),  Gmelin(Ref  13), 
Thorpe(Ref  15),ChemRevs(Ref  17a),  Kirk  & 
Othmer(Ref  32)  and  in  Ullmann(Ref  59). 
FrankIin(Ref  1)  described  the  reactions  of 
liq  ammonia.  Von  Braun  et  al(Ref  16) 
reported  a violent  and  explosive  reaction  of 
liq  ammonia  with  some  organic  halogen  compds. 
For  example,  when  the  reaction  between  liq 
ammonia  and  BrH2C-CHaBr  was  carried  out 
at  RT,  there  occurred  a spontaneous  evolu- 
tion of  heat  resulting  in  a violent  expln. 

Reeves  & Giddens  stabilized  cellulose  ni- 
trate with  ammonia(Ref  31).  Sampey(Ref  28) 
observed  that  the  residue  resulting  from  the 
reaction  of  ammonia  with  Hg  exploded  in  a 
steel  U tube  connected  with  a glass  Hg 
manometer  when  an  attempt  was  made  to 
clean  the  tube  with  a steel  rod.  Some  of  the 
gray-brown  solid  residue  was  recovered  and 
detonated  by  heating  in  a crucible.  Analysis 
indicated  that  the  residue  consisted  of  de- 
hydration products  of  Millon’s  base[See  CR 
140.  853  (1905)1  and  was  readily  sol  in 
Na3SjOj*  5HjO 

The  expln  of  mixt  of  ammonia  with  electro- 
lytic gas  and  oxygen  was  reported  by  Parting- 
ton and  Prince(Ref  2)  and  with  carbon  monox- 
ide and  oxygen  by  Beeson  and  Partington 
(Ref  3).  Jorissen  et  al  (Refs  5,8  & 9)  studied 
the  expi  regions  of  hydrogen-ammonia-air, 
hydrogen-ammonia-oxygen,  ammonia-air  and 
ammonia-oxygen-nitrogen  mixts.  Scliephake 
et  al(Ref  10)  also  investigated  the  expl  com- 
bustion of  ammonia- air  mixts  while  Franck  and 
During  (Ref  11)  made  similar  studies  under 
high  pressure.  Rozlovskii(Ref  24)  detd  the 
ignition  limits  of  ammonia-oxygen  mixts  in 


a heated  quartz  vessel.  When  the  pressure 
(P)  of  the  gas  mixt  increased  from  40  to 
100  mm  Hg,  the  min  ignition  temp  (T)  de- 
creased from  1100°  to  1025°.  At  a given 
P,  T was  the  lowest  for  33%  or  50%  ammonia; 
the  minimum  press  at  which  the  mixt  could 
be  ignited  was  at  33%  concn  of  ammonia. 
Pieters(Ref  29)  detd  the  expln  limit  of 
gases  by  a new  type  apparatus  which  gave 
values  of  15. 0 to  25%  amnonia  in  air.  Shap- 
horst(Ref  37)  found  that  dry  mixts  of  air 
contg  l6.5  to  26  8%  ammonia  were  combustible, 
whereas  damp  mixts  were  neither  combustible 
nor  explosive.  Other  studies  of  explosibillty 
of  ammonia-air  mixts  were  made  by  Clarke 
& Wright(Ref  73)  and  by  Banik(Ref  84) 

The  handling  of  ammonia  safely  has  been 
discussed  by  Brandt(Ref  40)  and  the  toxicity 
of  ammonia  fumes  by  inhalation, by  Wheatherby 
(Ref  55)  Ohno(Ref  57)  noted  that  the  toxicity 
of  gaseous  ammonia  was  much  smaller  than 
that  of  sulfur  dioxide.  Both  gases  produce  ir- 
ritation of  raucous  membrane  and  eyes,  bron- 
chitis, hyperemia,  hemorrage,  endema,  exur 
dation  and  pneumonia.  Krop(Ref  58)  lists 
the  toxicity  and  health  hazards  of  ammonia 
and  other  substances  used  as  fuels  in  rocket 
propellants[Also  see  Sax(Ref  82)  for  addi- 
tional information  on  the  hazards  of  ammonia] 

For  use  in  the  explosive  industry,  an- 
hydrous ammonia  is  converted  by  oxidation, 
at  high  temp  and  pressure,  in  the  presence 
of  a suitable  catalyst,  to  60%  nitric  acid, 
called  ''dilute  nitric"  before  being  concen- 
trated to  98  - 99%  strength  acid  called 
"strong  nitric."  The  "strong  nitric"  is  used 
in  the  mamif  of  NG,  NC,  NS,  DNT,  TNT, 

PA,  PETN,  RDX  and  tetryl,  whereas  the 
"dilute  nitric"  serves  the  expl  industry 
for  the  manuf  of  AN  which  is  used  either 
for  prepn  of  various  expl  mixts(such  as 
amatol,  ammonal,  etc)  or  for  the  prepn  of 
fertilizers 

There  are  many  other  uses  of  ammonia 
discussed  by  Kirk  and  Othmer(Ref  32) 
Serruys(Ref  18)  investigated  ammonia  and 
some  other  substances  as  possible  motor 
fuel  substitutes.  Canright(Ref  41),  Clark 
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(Ref  52),  Baker(Ref  75)  and  Gordon  & Glueck 
Ref  85)  investigated  ammonia-oxygen  systems 
as  a liq  propellant  for  rocket  motors 

Ammonia  was  also  used  during  WWII  in  the 
USA  for  the  neutralization  of  residual  acidity 
in  crude  TNT  prior  to  its  purification  by  sel- 
litefaaueous  soln  of  Na  sulfite).  Use  of  am- 
monia in  lieu  of  soda  ash  as  a neutralizer 
produced  a lighter  colored  TNT(See  Trinitro- 
toluene, Manufacture  of) 

Requirements  for  ammonia  used  in  the 
manuf  of  explosives  are  listed  in  Specifica- 
tion JAN-A-182 
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AMMONIA,  ANALYTICAL  PROCEDURES 

Detection  of  small  quantities  of  ammonia 
in  air,  water,  etc  can  be  done  by  colorimetric 
methods  using  reagents  such  as  Nessler’  s 
(Refs  1—6  and  8-10),  phenol  & hypochlo- 
rite(Ref  12).  A detailed  description  of  the 
colorimetric  detn  of  NHj  in  air  by  use  of 
Nessler’ s reagent  is  given  by  Jacobs(Ref  9, 
p 364).  The  concn  of  ammonia  in  air  may  be 
obtained  also  by  passing  a known  vol  of  the 
air  through  two  bubblers  in  series  contg 
known  vols  of  standard  0.02N  sulfuric  acid 
until  the  color  of  methyl-red  indicator  changes 
from  yel  to  red.  Detailed  description  of  this 
method  is  given  in  Ref  93  pp  363— 4.  A midget 
impinger  may  be  used  instead  of  bubblers. 
Description  of  oxidimetric  detn  of  ammonia 
is  given  by  Hurka  & Ruzdik(Ref  7) 

Procedures  described  on  the  following 
pages  are  used  at  the  US  Ordnance  plants  for 
analyses  of  anhydrous  and  aq  ammonias 

I.  Ammonia,  Anhydrous,  Synthetic.  Commer- 
cial anhydrous  ammonia  contains  as  princi- 
pal impurities:  moisture,  traces  of  oil  and 
some  rust,  dirt,  etc.  The  product  intended  for 
use  at  the  US  Ordnance  plants  for  the  manuf 
of  nitric  acid,  Amm  nitrate,  Amm  picrate  and 
Na  azide  must  comply  with  the  following  re- 
quirements of  the  US  Specs(Ref  15):  a)Mois- 

ture  — max  0.5%  hy  wt  b)Oil  — max  5 PPm 

The  procedures  for  sampling  and  testing  of 
ammonia  and  calculations  given  in 
the  above  specs  can  be  slightly  simplified 
(especially  in  calcns),  as  was  done  during 
WW  II  at  the  Keystone  Ordnance  Works  lab,  to 
make  them  less  time-consuming 

Following  is  a description  of  the  sampling 
and  testing  of  anhydrous  ammonia: 

Sampling  is  usually  done  by  two  persons,  each 
equipped  with  a full-face  mask  and  heavy  rub- 
ber gloves.  Connect  to  the  unloading  valve  in 
the  dome  of  the  tank  a stainless-steel  sam- 
pling line  with  a 1-inch  union  and  a %-inch 
valve,  and  attach  to  the  sampling  line  by  a 


rubber  tubing  connection  the  adapter  equip- 
ped with  a rubber  stopper  as  shown  on  jfigs 
in  the  Spec(Ref  15).  Attach  to  the  sidej-out- 
let  connection  of  the  adapter  a 4-  or  5-f°°t 
length  of  rubber  tubing  to  carry  the  NHj 
vapors,  released  by  the  sampling,  to  one 
side  of  the  sample  taker.  Place  yourself 
facing  the  sampling  jet  with  your  back 
against  the  wind  and  ask  the  operator  to 
open  the  discharge  valve  slightly.  Let  the 
NHj  run  out  for  a few  mins  to  sweep  the 
pipes  and  then  carefully  fill  two  or  three 
duPont  special  centrifuge  tubes  graduated 
from  0 to  100  ml.  These  tubes  will  serve 
for  moist  detn.  If  it  is  required  to  det  oil 
content,  fill  with  liq  NHS  two  2-1  round- 
bottom  flasks  . 


Immediately  after  each  sample  is  taken, 
tightly  close  the  containers  by  means  of 
rubber  stoppers  provided  with  Bunsen  valves 


(in  order  to  prevent  the  penetration  of  moist 
from  the  atm)  and  take  the  samples  to  the  lab 

Procedures: 


a)Moisture  Content.  Wearing  a full-face  mask, 
loosen  up  slightly  the  stoppers  and  plunge 
each  centrifuge  tube  slowly  into  a cooling 
bath  contg  salt -ice  mixc.  Remove  after  ca 
1 hr  one  of  the  tubes  and  warm  its  tip  by 
holding  it  between  the  fingers.  If  the  liq 
starts  to  boil,  continue  the  evapn  of  NHS  for 
a little  longer,  etc.  For  the  final  test, jremove 
the  stopper,  let  the  gas  escape  and  warm  the 
bottom  of  tube  with  the  hand.  If  the  smell  of 
NHS  is  gone,  take  the  reading.  Each  small 
division  of  the  tube  corresponds  to  0.05%  by 
vol.  Divide  the  reading  by  the  d of  liqjNHj  =. 
0.682  in  order  to  obtain  % moisture  b^  wt  in 
the  NH,.  Check  if  there  is  any  oil  or  rust  at 
the  bottom  of  the  tube  j 

Note:  A much  more  complicated  formula  for 
cal  eg  % moisture  is  given  in  the  Spec(Ref  15), 
but  it  is  not  necessary  to  employ  it  unless 
required  by  the  Govt  inspector 

b)Oil  Content.  If  an  appreciable  amt  of  oil  is 
present  in  liq  NHi,  some  droplets  will  be 
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visible  at  the  bottom  of  centrifuge  tubes 
used  in  the  previous  operation.  In  this  case 
proceed  as  follows: 


Place  in  each  of  the  2000  ml  round-bottom 
flasks(see  under  Sampling)  a piece  of  14— 

20  mesh  washed  coke(known  commercially  as 
"anti-bump'  ’ ),  loosen  slightly  the  stoppers 
and  place  the  flasks  in  the  cooling  bath,  as 
in  proced  a.  When  the  bulk  of  NH,  is  gone, 
transfer  the  flasks  into  a bath  contg  tap  water 
at  RT  and  continue  the  evapn.  Finally  bring 
the  temp  of  the  bath  to  ca  30°(by  adding  some 
hot  w)  in  order  to  complete  the  evapn  of  NHS. 
Rinse  the  inside  of  each  flask  with  four 
10  ml  portions  of  carbon  tetrachloride  de- 
livered from  a pipette,  transferring  each  set 
of  washings  into  a 7?  ml  separatory  funnel 
contg  no  grease  on  its  stopcock.  After  sepa- 
ration of  layers  and  allowing  evapn  of  w from 
the  top  layer,  draw  the  liq  in  each  funnel 
through  a dry  filter  paper(previously  washed 
with  carbon  tetrachloride)  into  a small  (30— 
60  ml)  tared  dish.  Evaporate  the  tetrachlo- 
ride on  a steam  bath,  cool  each  dish  in  a 
desiccator  and  weigh.  Run  a blank  on  40  ml 
of  tetrachloride  and  calculate  oil  in  ppm  from 


, . (W.  - W2)  x F x 1000  , 

the  equation  1 2 > where 


0.682  x V 

Wj  - wt  of  residue  in  mg,  W2  = wt  of  blank, 
V ® vol  of  sample  in  ml,  0.682  * d of  sam- 
ple and  F = evaporation  factor  (0.871  for  a 
press  in  the  tank  car  of  60  psi;  values  for 
other  pressures  may  be  obtained  from  the 
chart  in  the  spec) 


II.  Ammonia,  Aqueous,  Analytical  Proce- 
dures 

a) Ammonia  Sales  Car  Analysis.  Take  two 
8 oz  samples  from  a tank  car  and  fill  two 
tared  glass  bulbs,  each  ca  4 ml  capacity 
and  provided  with  a capillary  at  least  3" 
long.  Seal  the  bulbs  and  after  re  weighing, 
place  each  bulb  in  a known  excess  of  N/3 
HCl(usually  150.00  ml).  Keeping  the  tip  of 
the  capillary  completely  immersed,  drain 
the  bulb  as  much  as  possible  after  breaking 
the  tip,  and  then  crush  the  bulb  and  the 


capillary  with  a stirring  rod.  Add  a few  drops 
of  methyl-red  indicator  and  titrate  the  excess 
of  acid  with  N/3  NaOH.  Calc  % NHS  from  the 


formula 


(V1Nl  - VjN2  ) x 1.703 
W 


where  VtN,  = 


vol  and  normality  of  HC1*  VaNa  m vol  and 
normality  of  NaOH  and  W ■>  wt  of  sample 
(Ref  ll,p  64) 


b)Ammonia  Recovery.  Condensate  from  the 
evapn  of  crude  Na  azide  at  the  KOW  plant 
was  sampled  every  24  hrs  and  d was  detd 
in  the  lab  with  a hydrometer,  range  0.9— 1.0. 
From  a density-vs-concentration  table 
(such  as  given  in  Lunge’ s Handbook),  det 
the  % NHS  in  the  liq(Ref  11, p 63) 


c)Ammonia  in  Steam  Condensate  of  Ammonia 
Oxidation  Plants  can  be  detd  by  colori- 
metric method  using  Nessler’s  reagent.  The 
following  procedure  was  used  during  WW  II 
at  the  Keystone  OW: 


To  a 25  ml  of  condensate  in  a 50  ml 
Nessler  tube  was  added  from  a pipette  5 ml 
of  Nessler’ s reagent  and  distd  w to  the 
mark.  The  presence  of  ammonia  was  indi- 
cated by  the  appearance  of  brown  turbidity 
due  to  the  formation  of  NHg2 1 • H2  O and  the 
intensity  of  this  turbidity  was  detd  colori- 
metricaily  using  the  Nalco  Phototester, 
which  was  previously  calibrated  by  using 
freshly  prepd  standards 


Refs  on  Ammoniat  Analytical  Procedures : 
l)Mellor  8(1 928), 224-5  2)Berl-Lunge  2 
(1932), 834-6  3)GmeIin,  Syst  No  23(1936), 
21-41  4)Scott(1939), 630, 636-9, 2049-50, 

2077-8,2270-1  & 2396  5)V.A.Khrustaleva 
& M.V. Yakovenko,  SbornikTrudovTsentral1- 
Sanit-Higienich  Lab  1940,  No  3,  5-14  & 

CA  37,5925(1943)  (Rapid  method  for  the 
detn  of  NHj  in  air)  6)Treadwell  & Hall  2 
(1942),493 -4  & 635-8  7)W.Hurka  & I. 
Ruzdik,  "Die  Oxydimetrische  Bestimmung 
des  Ammoniaks’’,  E.  Haim,Wien(1943)» 
9-14  8)Kirk  & Othmer  1(1947),  820  9) 

Jacobs(1949),  362-5  10)Ullmann  3(1953), 
608-13  11)B.C. Carlson,  "Lead  Azide 

Laboratory  Manual,’*  US  Rubber  Co, 


Kankakee  Ordnance  Works,  Joliet,  Illinois 
(1953)  1 2) A . Laraour  oux , M P 37,439-50 
(1955)  (Colorimetric  micro-determination 
of  ammonia,  utilizing  the  intense  blue 
coloration  produced  on  treatment  of  its  aq 
soln  with  phenol  and  hypochlorite)  13) 
A.M.P.TansjChemEduc  62,218(1955) 

(Chart  giving  densities  of  aq  ammonia  at 
various  temps)  14)Manufacturers  Chem- 
ists Association  of  the  US,  ''Table-Aqua 
Ammonia,  Manual  Sheet  T-l’  ’ (Densities 
of  aq  ammonia  at  various  temps),  Washing- 
ton, DC  l5)Joint  Army-Navy  Specification, 

J AN- A-182(Synthetic  Anhydrous  Ammonia 
for  use  in  explosives)  l6)Spencer  Chemical 
Co  Standard  Procedure  FP-1,  for  analysis  of 
Anhydrous  Liquid  Ammonia,  is  essentially 
the  same  as  Ref  15  17)G.M.Arcand  & 

E *H. Swift, Ana lChem  28,440(1956)  (Coulo- 
metric  titration  of  ammonia  with  hypo- 
bromite) 

Ammoniac,  Ammoniacum  or  Sal  Ammoniac. 

See  Ammonium  Chloride,  under  Chlorides 

Ammoniacal  Copper  Nilrate.  See  under  Am- 
in ines 

Ammoniacal  Liquor  or  Gas  Liquor.  Impure 
ammonia  water  obtained  as  a by-product  in 
the  distillation  of  coal,  tar,  bones,  etc 

Ref:  Merriam-Webster’ s Unabridged  Diction- 
ary (195 0),p  86 

Ammoniacal  Meta)  Complexes.  See  Ammines 

Ammoniacal  Nitrogen  Iodide.  See  under  Nitro- 
gen Iodide 

Ammoniacal  Saltpeter  Plastic  Explosive.  A 

plastic  mixture  consisting  of  AN  78—85% 
(with  or  without  K nitrate)  and  a soln  of 
nitrosemiceliulose  in  nitrobenzene,  nitro- 
toluene  or  nitroxylene 

Ref:  Vereinigte  Koin-Rottweiler  Pulver- 
fabriken  A-G,BritP  3,937(1909)  & CA  4, 
1378(1910) 

Ammoniacal  Silver  Compounds  and  Their 
Solutions.  The  following  refs  describe  the 


explosive  ammonical  silver  nitrate  & silver 
oxide  or  their  solutions: 

1)C.L. Berthollet, CrellAnn  2,390(1788)  (Ac- 
tion of  ammonia  on  silver  oxide  produced  an 
extremely  sensitive  compd  named  "fulminat- 
ing silver’ 5 ) (See  next  ref)  2)F.Raschig, 
(Liebig’  s)Ann  233,93—101(1886)  (Zur 
Kenntniss  des  Berthollet’  schen  Knalisilbers) 
(Investigation  of  Berthollet' s fulminating 
silver  showed  that  it  is  Ag}N)  3)M.  Berthe  lot 
& M.Delepine.CR  129,326-30(1899)  & JCS 
76  II,  748(1899)  (Ammoniacal  silver  nitrate 
AgNOj*  2NHj  was  prepd  by  treating  1 mol 
AgNO,  with  2 mols  NHS  in  an  aq  soln  and 
evaporating  the  water)  4)C.Matignon,BuIIFr, 
[4],  3-4,618(1908)  & CA  2,245(1908)  (An 
explosion  at  1’  Ecole  de  Sevres  of  a mixt  of 
Ag  nitrate  alkali  and  ammonia,  after  it  had 
stood  quietly  for  24  hrs,  was  evidently  due 
to  silver  amraine  formed  by  interaction  of  the 
foregoing  ingredients)  5)A.Tingle,lEC  11, 
379(1919)  & CA  13,1152(1919)  (Ammoniacal 
solns  of  silver  oxide  have  to  be  handled  with 
care  because  they  might  contain  fulminating 
silver)  6)E.J.Witzemann,IEC  11,893(1919)  & 
CA  13,2449(1919)  (Several  explosions  took 
place  while  W was  studying  the  oxidation  of 
organic  compds  by  silver  oxide  and  was  us- 
ing ammonia  to  remove  the  non-reacted  Ag20. 

It  was  claimed  that  silver  fulminate,  formed 
as  a product  of  the  reaction  was  the  cause 
of  these  explosions)  7)J.Eggert,ZElektro- 
chem  27,547-58(1921)  & CA  16,1013(1922) 
(Investigation  of  sensitiveness  of  some  expls, 
among  them  Ag2  O • 2NHS  and  NHS  • NI,) 
8)H.Vasbinder,PharmWeekblad  87,861—5 
(1952)  & CA  47,4083(1953)  (Discussion. on 

hazards  of  ammoniacal  silver  solns.  One  of 
the  solns  obtained  on  mixing  Ag  nitrate,  Amm 
hydroxide  and  gum  arabic  exploded  on  warm- 
ing. Another  soln,  prepd  by  pptg  Ag  oxide 
from  Ag  nitrate  soln  with  Na  hydroxide,  wash- 
ing the  oxide,  dissolving  it  in  Amm  hydroxide, 
adding  dropwise  Ag  nitrate  until  a permanent 
ppt  was  formed  and  then  centrifuging  f exploded 
on  two  occasions  after  standing  for  10—14 
days.  Both  these  solns  were  used  as  perma- 
nent marking  ink.  It  is  suggested  that  the 


expins  were  caused  by  an  amorphous  sub- 

An.  MM  ^ r.„,J 
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shock  even  when  wet,  which  formed  as  a 
result  of  the  following  reactions: 

a) Ag2  0+ 4NH4OH-2Ag(NHs)a  OH  + 3H2  0 

b) 2Ag(NH,)a  0H->Aga  HN  + 3NH,  + 2Ha  0 


Ammon iacate.  French  for  Ammoniate(See 
Ammine) 

Ammonio  Derivatives  of  Pot ynitro- Alcohols. 

Several  compds,  some  of  them  e ypl  osi  VC- 
were  patented  recently  by  Swedish  inventors. 
For  their  prepn,  polynitro-alcohols(having  all 
N02  groups  attached  to  the  same  C atom  and 
the  OH  group  or  groups  attached  to  the  adja- 
cent C atom)  were  treated  with  ammonia(or  an 
N-substitution  deriv  thereof)  in  aq  or  other 
solns 

Following  equations  illustrate  this  process: 
a )R-  QNOj  )2  -CHa0H  + NH^R-C  (NO*  )2  -CHa  NHa  +Ha  0 
b)R-C(N0j)2  -CHj  OH+R-CfNOj  )2  -CHjNHj-^R- 
C(N02)2  -CHj 32NH  +Ha0  where  R may  be  H,  K, 
NOj  or  any  other  substituent.  The  conversion* 
carried  out  in  sola,  normally  appears  to  cease 
when  a secondary  amine  has  been  formed.  For 
some  compds  the  reaction  may  proceed  to  the 
formation  of  a tertiary  amine,  as  for  instance 
in  the  case  of  the  K salt  of  dinitroethanoi. 
Here,  the  reaction  with  ammonia  may  lead  to 

f cr»wStivii  of  sitter  s primary  3.m in ^ H 

C(N02  )2  *CH2  0K(See  2-Amino-2, 2-dinitro- 
ethanol,  K salt)  or  a tertiary  amine  N[C(N02)2- 
CH2  0K]s(See  Tris(2,2-dinitroethanol)amine] 

If  instead  of  ammonia  a deriv  such  as  hy- 
drazine is  used,  the  reaction  with  dinitroeth- 
anoi may  proceed  thus : 2(02  N)2  CH-CH2  OH  + 
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CH(N02)2 

Another  example  is  the  reaction  between 
urea  and  crinitro ethanol:  2(01M)JC-CHJ  OH  + 

H2 N-C0-NH2  - 2H2  0 + [(02  N)jC‘CHa  NH]a  CO 
(See  also  Azetidlne  or  Cyciotrimethylenei- 
mine,  Dinitro) 

Refs : l)Beil  — not  found  2)F.R.Schenck. 

& G.A.WetterholitijSwedP  148,217(1954)  & 

/"A  m i nm/i  nr  n \rl_  ! J rtCFi  -*  n i t/A 

(1956)  & CA  50,7125(1956) 


Note;  Some  of  the  compds  patented  by  Schenck 
a,  Wetterholm  may  be  found  suitable  as  ingre- 
dients of  explosive  and  propellant  composi- 
tions 


Ammonia  Dynamites  are  listed  in  this  work  as 
Ammonium  Nitrate  Dynamite s,  with  the  excep- 
tion of  the  following: 

a)Ammonia  Dynamite  or  Ammonia  Powder: 

AN  78,  NG  18,  paraffin  Sc  charcoal  4%.  It  was 
a powerful  ex  pi  suitable  for  all  types  of 


kI~o»;n  nSO  1 \ 

UllW^Lill  A.  J 


b) Ammonia  Dynamite  No  1.  A French  expl: 
AN45>  NG  40,  Na  nitrate  5 & wood  flour  10% 
(Ref  2) 

c) Ammonia  Dynamite  No  2.  A Fr  expl: 

AN  75,  NG  20  & wood  Hour  5%(Ret  2) 

d) Ammonia  Dynamite  Pulverulent:  AN  25, 


(See  also  Ammonique  Dynamite) 


Refs:  1)A .R .Rarnsey  & j-LC. Heston,  ”A 

Manual  on  Explosives,’’  Dutton,  London  — 
NY(1917),2I  2)CondChemDict(1942),287 
(not  listed  in  newer  editions) 


Ammonio  Gelatin  A:  AN  67,  NG  30  Sc  CC 
(collodion  cotton)  3% 

Ref:  CondChemDict(1942);287(not  listed  in 
newer  editions) 


K - r _4.:~  — A 

nmm  viiiu  vim  ^jnvnniwe  vi  niniiiwiuu 


Gelatins  are  listed  in  this  work  as  Ammo- 
nium Nitrate  Gelatin  Dynamites  and  also  as 
Amraongelatin  Dynamites.  See  also  Ammon- 
gelatine  in  PATR  2510, p Ger  5 


Ammonia  Gelignite:  AN  70,  NG  29-3  & 

NC  0.7% 

Ref:  ConChemDict(1942),287(not  listed  in 
newer  editions) 


Ammoniak(Ger).  Ammonia(In  old  Ger  chem 
terms  it  was  equivalent  to  '1ammonium>  7 ) 


Ammoniakat(Ger).  Amro  on i ate  described  in 
this  work  as  Ammine 

AmninAtrjjrj^riit  i r first  known  expl  based 

on  AN.  It  was  patented  in  Sweden  on 
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May  31,  1867  by  J.H.Norrbin  & C.J. Ohlsson. 
Slightly  later(June  9,  1867)  Bjoerkmann 
patented,  also  in  Sweden,  an  expl  contg 
AN  72.4 6,  NG  18.12,  sawdust(or  charcoal) 

8.70  & benzene  or  creosote  0.72%,  and 
named  seram'n(Ref  l,p  713) 

The  original  expl  of  Norrbin  & Ohlsson 
consisting  of  AN  80  & charcoal  20%  was 
difficult  to  ignite  and  was  replaced  by 
AN  80,  charcoal  6-10  & NG  14-10%(Refs 
2—5).  The  modified  compn,  in  which  NG 
served  as  a sensitizer  for  the  insensitive 
AN,  was  much  more  powerful  than  the 
Guhrdynamite,  previously  invented(ca  1866) 
by  A. Nobel,  if  it  contd  an  equal  amt  of  NG 
(Ref  l,p  21).  Davis(Ref  6)  listed  Ammoniak- 
krut  as  an  expl  consisting  of  AN,  either 
alone  or  in  admixture  with  charcoal,  saw- 
dust, naphthalene,  PA  or  NB 
The  modified  ammoniakkruts  were  used  to 
some  extent  in  Sweden,  but  were  found  to 
be  too  hygroscopic  and  exudable.  A.Nobel 
purchased  in  1870  Norrbin  & Ohlsson’ s 
patents  and  reduced  the  hygroscopicity  and 
exudability  of  Ammoniakkrut  by  coating  the 
particles  of  AN  with  paraffin,  stearin  or 
naphthalene (BritP  1570  of  1873).  Still  bet- 
ter results  were  obtained  when  AN  particles 
were  coated  with  NG  gelatinized  with  collo- 
dion cotton.  The  resulting  expls  became 
known  as  gelatin  dynamites(c\y) 

Refs:  1 )Daniel,"  Dictionnaire  ” (1902),  21 

& 713  2)Anon,SS  2,57-8(1907)  3)VanGel- 
der  & Schlatter  (1927), 340  4)Naoum,NG 
(1928),  1 1 5)PepinLehalleur(1936),342 
6)Davis(1943),335 

Ammonia  Nitrate(Poudre):  AN  80,  nitroglu- 
cose  10,  K chlorate  5 & coal  tar  5% 

Ref:  Daniel,  "Dictionnaire’ ' (1902), 24 

Ammonia  Oxidation  consists  of  treating 
anhydrous  ammonia  with  air  (or  oxygen)  at 
high  temp  and  pressure  and  in  the  presence 
of  a catalyst(such  as  Pt  gauze)  to  obtain 
nitrogen  oxides  and  eventually  nitric  acid. 
Installations  for  this  treatment  are  called 
"Ammonia  Oxidation  Plants”  , and  nearly 
every  large  plant  using  nitric  acid  for  the 


manuf  of  explosives  includes  such  facilities. 
Some  information  on  ammonia  oxidation  plants 
is  given  under  Nitric  Acid,  Manufacture 

Ammonia  Powder.  See  under  Ammonia  Dyna- 
mites 

Ammon  iaque(Fr).  Ammorua 

Ammoniaque(Dynamite  a)(Fr).  Ammonia 
Dyn  smite 

Ammon iate.  Same  as  Ammine 

Ammon io-Nitrogen  Iodide.  See  under  Iodides 

Ammonique  Dynamite.  A safety  expl  prepd 
by  mixing  guhrdynamite(75%  strength)  50, 

Amm  carbonate  40  & K nitrate  10%.  The 
nitrate  was  incorporated  to  prevent  the  for- 
mation of  CO 

Ref:  Daniel,  "Dictionnaire’  ' (1902), 22 

AMMONITE 

(Ammonit  in  Germany  and  in  Russia;  Explosif 
Favier  type  N n°  lc  in  France;  Explosif 
Faviern0!  in  Belgium;  Ammonite  in  Italy  and 
Amonita  in  Spain )(Formerly  called  in  England 
"Miner’ s Safety  Explosive”  ).  A type  of  AN 
expl  known  since  1884(Refs  1 & 2)  and  manuf d 
since  then  in  many  varieties  in  several  Euro- 
pean countries.  In  England  they  were  manufd 
by  the  Miner’ s Safety  Explosives  Co,  Ltd  at 
Stanford-le-Hope,  Essex(Ref  5)‘,  in  France  by 
the  Poudrerie  d’  Esquerdes;  in  Belgium  by 
the  Usine  de  Vilvcrde(Ref  3)  and  in  Germany 
by  several  plants(See  Refs  9 & 12—14) 

Most  ammonites  were  used  as  commercial 
expls(particularly  in  coal  mining)  but  some  of 
them  were  used  in  military  applications 
chiefly  as  substitutes  for  HE's  based  on 
aromatic  nitro  compds(such  as  TNT)  or  ni- 
tric esters(such  as  NG)(See  also  Ersatzspreng- 
stoffe  in  PATR  2510) 

According  to  Cundill(Ref  4)  the  first  expl 
of  this  type  manufd  in  England  consisted  of  a 
cylindrical  container,  made  by  compressing  a 
mixt  of  AN  91.5  and  MNN  8.5%,  and  filled 
either  with  a pulverized  mixt  of  AN  and  MNN 
or  with  dynamite  or  NC.  The  resulting  car- 
tridge was  wrapped  in  paper  and  then  water- 
proofed. In  France  similar  cartridges  were 
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prepd  by  using  mixes  of  AN  with  either  8.5 
— 12.6%  DNN  or  with  4.5%  of  TNN(See  also 
Ref  3).  According  to  MarshaIl(Ref  7)  the 
original  expl. invented  by  Favier  consisted 
of  an  AN,  MNN,  paraffin  and  resin.  Another 
compn  listed  by  Marshall(Ref  7,p  389)  and 
then  by  Cook(Ref  18)  was  the  ammonite  contg 
AN  88,  DNN  12%,  which  passed  the  Brit 
Woolwich  test  and  was  on  the  "Permitted 
List"  . In  order  to  pass  the  more  stringent 
Brit  Rotherham  test(in  which  the  expl  was 
fired,  without  stemming,  into  the  gas  mixt), 
the  previous  compn  had  to  be  modified  to 
AN  75,  TNT  5 and  NaCl  20%(Ref  7,p  390). 
This  exp]  was  placed  on  the  "Permitted 
List’  ’ in  1914(Ref  6),  under  the  name  of 
ammonite  No  1.  Its  compn  was  modified  after 
WW  I to  AN  79.5,  TNN  5.5  and  NaCl  15%.  A 
similar  expl  known  as  ammonite  No  2 con- 
tained AN  79-5,  DNN  5.5  and  NaCl  15%. 

Both  of  these  expls  passed  the  Brit  Buxton 
Test(Ref  10).  Barnett(Ref  8)  gives  for  ammo- 
nites No  I and  No  5 the  same  compn:  AN  75, 
TNN  5,  NaCl  20%  plus  0.5%  moisture  and  for 
ammonite  No  4:  AN  66,  Na  nitrate  10,  DNN  4 
& KC1  20%,  plus  0.5%  moisture.  The  only 
difference  been  the  No  1 and  No  5 was  that 
the  latter  was  put  up  in  waxed  paper  and  the 
former  in  metal  foil  cases.  MolinafRef  9a) 
gives  compn  of  Ital  ammonite  No  1 as:  AN  88, 
DNT  3,  vegetable  flour  6 & NG  3%,  plus 
traces  of  DPhA 

According  to  NaotSm(Ref  9)  and  Pepin- 
Lehalleur(Ref  14),  seven  types  of  ammonites 
were  used  in  Germany.  Their  compn  was,  in 
general,  70  to  88%  of  AN(of  which  10%  could 
be  replaced  by  K nitrate),  7 to  20%  of  aro- 
matic nitrocarbons  and  1 to  6%  of  a vegetable 
meal  w/or  Wo  a solid  hydrocarbon.  Besides 
these  components  the  Ammonits  1,  3,  and  6 
contd  up  to  4%  of  NG,  the  Ammonits  3,  4 & 5 
contd  3 to  10%  of  K perchlorate  and  the  Am- 
monit  5 contd  2 to  12%  of  Al.  These  expls 
are  described  in  Ref  9,  pp  424-5  and  in 
Ref  11, p 118.  Ger  Ammonit  1 contg  AN  80, 
TNT  12,  rye  meal  4 and  NG  4%  was  also 
known  as  Astralit  or  Donarit(Rel  12,p  309) 


and  Ammonit  2 contg  AN  81,  TNT  17  and 
rye  meal  2%  was  also  known  as  Aldorfit 
(Ref  12,p  309).  A variety  of  Ammonit  2 , contg 
DNTjWas  also  known  as  Astralit  ON( See 
PATR  25lO,p  Ger  10). Slightly  different 
compns  for  Ammonit  1,  Ammonit  2 and 
Donarit  2 are  given  in  Ref  13, P 94 

Table  2,p  Ger  6 in  PATR  2510  gives 
compns  of  Ammonits  in  Germany  developed 
during  WW  II 

For  the  prepn  of  ammonites,  the  thoroughly 
pulverized  and  dried  ingredients  were  stirred 
in  a pan  for  1 or  2 brs,  then  heated(by  in- 
direct steam  or  hot  water)  above  the  mp  of  a 
nitro carbon  and  then  cooled  while  stirring. 

The  result  of  such  treatment  was  that  the 
grains  of  hygroscopic  ingredient sfsuch  as 
AN)  were  coated  with  nonhygroscopic  nitro- 
carbons(See  Ref  7,p  388  and  Ref  14) 

Ammonites  are  apparently  no  longer  manufd 
in  western  European  countries,  but  are  still 
very  much  in  use  in  Russia.  Radevich 
(Ref  16)  describes  some  Russian  pre-WWII 
ammonites  and  Bebie(Ref  17)  says  that  am- 
monites are  the  main  types  of  expls  used  in 
industrial  practice  in  Russia,  The  following 
are  some  Russian  ammonites  as  described 
in  additional  Refs  20,  22  and  23  listed  below: 

a) AN  88  & TNT  12%(called  Ammonite  No  2) 

b) AN  73,  K nitrate  15  & TNT  12%  c)AN  77.6, 
TNT  18.4  & WM  4%  d)AN  54.5-57.5,  TNT 
8.5— 9.5,  finely  ground  pine  bark(contg  less 
than  12%  of  H20)  2. 5-3.5  & NaCl  31-33% 
e)AN  59.5-62.5,  TNX  9.5-10.5,  pine  bark 
2.5  — 3.5  & NaCl  25— 27%(See  also  Ammoksil 

or  Ammonxyl,  Ammonal,  Ammonpek,  Ammon- 
tol  and  Dynanammon  in  this  section  and  Am- 
monit 1 in  PATR  2510,  under  Commercial 
Explosives) 

Refs  on  Ammonites:  l)Favier,GerP  31,411 

(1884)  2)Ibid,BritP  2139(1885)  3)Charton, 

MP  4,159-60(1891)  4)Cundill,MP  5,334-5 
(1892)(Favier  explosives)  5)Daniel(1902)£2 
6)Anon,JSCI  33,986(1914  ) 7)Marshall  1 
(1917),388-  90  8)Barnett(1919),133  9)Naouro, 

NG(1928), 424-6  9a)Molina(1930),339  10) 
Marshall  3(1932), 119  & 153  ll)F.A.Pershakov, 
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Ugol'  i Zhelezo  1933,  No  90-91, pp  94-104 
& CA  28,899(1933)  12)Stettbacher(1933), 

246  & 309  13)Beyling  & Drekopf(1936),94— 5 
14)Pepin  Lehalleur(1936), 351-2  15)Thorpe, 
4(1940), 554  & 556  l6)P.Radevich,  Tekhnika 
i Vooruzheniye  1938, No  7,86-94  & CA  34, 
1173(1940)  17)Bebie(1943),23-4  17a)J.M. 
Jimenez,  ’ ’Explosivos’  ’ , Ediciones  Ejercito, 
Madrid(195l),29  18)Cook(1958),10 
Addnl  Refs  on  Russian  Ammonites:  19)A.G. 

Suvorov  & V.L.Machkarin,Chim  & Ind  36,785 
(1936)  & CA  31,2437(1937) (The  higher  the 
moist  content  of  ammonites,  the  larger  the 
amts  of  noxious  N oxides  formed.  For  am- 
monites having  a positive  O balance  of  not 
more  than  5%  and  intended  for  use  in  under- 
ground work,  the  max  permissible  moist 
content  is  ca  0.5%  because  with  larger  amts 
of  w,  the  amts  of  N oxides  produced  would 
be  excessive.  With  ammonites  having  a 
negative  O balance  the  amt  of  moist  can  be 
as  high  as  2%.  This  type  of  ammonite  is 
therefore  preferred  for  underground  work  un- 
der damp  conditions)  20JK.K. Andreyev  & 

M.M. Purkal’ n,Dokf AkadN  25,394-9(1939) 

(in  Engl);  GornyiZhur  1939,  No  2,44-7  & 

CA  34 ,4 270(1 940) [investigation  of  some 
Russian  ammonites  by  expin  in  a closed 
bomb  to  det  the  amt  of  toxic  gases(such  as 
CO  and  N oxides)  showed  that  in  case  of 
ammonite  No  2,(AN  88  & TNT  12%),  the 
increase  in  fineness  of  the  ingredients 
(from  sieve  No  16  to  No  49)  and  their  thor- 
ough mixing  decreased  the  amt  of  N oxides 
but  had  practically  no  effect  on  the  amt  of 
CO  formed.  Increase  of  moist  increased  the 
yield  of  noxious  gases  especially  if  the 
ingredients  were  finely  ground.  Increase  in 
propn  of  TNT,  decreased  the  amt  of  N ox- 
ides formed  but  increased  the  amt  of  CO. 

Addn  of  4%  birch  wood  at  the  expense  of 
the  AN  gave  the  same  results  as  the  in- 
crease of  TNT]  21)1. A. Mukhin, Ugol’  20, 

No  1/2,27(1945)  & CA  40,2629(1946)  (Am- 
monites may  be  waterproofed  by  heating 
them  to  65°  and  mixing  with  2%  paraffin. 

Such  ammonites  may  be  wrapped  in  ordinary 


paper)  22)K.K. Andreyev  & M.M. Purkal’ n, 
DoklAkadN  51,445-8(1946)  & CA  40,6817 
(1946)  (Investign  of  deton  of  ammonite,  contg 
A'N  73,  KNOj  15  & TNT  12%,  showed  that  the 
amt  of  sand  surrounding  the  chge  greatly  in- 
fluenced not  only  the  decompn  of  the  chge 
itself  but  also  the  formation  of  CO  and  N ox- 
ides. Since  in  actual  practice  it  is  difficult 
to  duplicate  the  favorable  conditions  estab- 
lished by  lab  expt,  the  addn  of  K nitrate  will 
usually  not  solve  the  problem  of  reducing 
noxious  gases.  More  promising  results  were 
obtained  by  changing  the  compn  of  ammon- 
ites in  order  to  obtain  higher  heat  of  expln 
and  by  more  thorough  pulverization  and  mix- 
ing of  the  ingredients.  For  instance  the 
charge  of  ammonite  contg  AN  77.6,  TNT  18.4 
& WM  4%,  when  surrounded  by  quartz  sand, 
gave  smaller  amt  of  noxious  gases  than  a 
similar  compd  contg  K nitrate)  23)B.D. 
Agranovich  et  al,  RussP  67,692(1946)  & 

CA  43,3200(1949)  [Non-brisant  ammonites 

can  be  prepd  by  adding  to  a finely  ground 
mixt  of  AN  and  a HE(such  as  TNT  or  TNX) 
in  a mixing  drum,  first  the  ground  pine  bark 
(contg  not  more  than  12%  of  moist)  and  then 
NaCl]  24)V. A.Assonov  & E.P. Maksimova, 
GornyiZhur  122, No  10,18-19(1948)  & CA  43, 
3617(1949)  (Expl  props  of  ammonites  were 
greatly  improved  by  providing  in  the  base  of 
the  chge  a conical  cavity.  In  storage  the 
density  of  ammonites  increased  while  the 
brisance  and  transmission  of  detonation  de- 
creased) 25)L.V.Dubnov  & N.S.Bakharere- 
vich.GornyiZh  1950, No  12,20-2  & CA  45, 
5920(1951)  (Expls  safe  for  use  in  sulfur 
mines  were  prepd  by  combining  ammonite 
No  8 with  flame  attenuators,  such  as  Amm 
chloride,  Na  chloride,  aq  agar-agar  jelly  and 
Na  sulfate  dekahydrate.  Na  chloride  proved 
to  be  ineffective) (Compn  of  Russ  ammonite 
No  8 is  not  given  in  CA)  26)V. A.Assonov, 
GornyiZhur  126, No  7,25-8(1952)  & CA  47, 
319-20(1953)(It  is  claimed  that  compressed 
ammonite  is  superior  to  the  powder  in  shat- 
tering effect  and  in  resistance  to  moist,  thus 
not  requiring  a water-impervious  cover) 
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27) N.E.Yaremenko  & A.V.Korenistov,  Ibid 
28— 30(It  is  claimed  that  pressed  ammonite 
is  in  no  way  superior  to  the  powd  and  the 
added  cost  of  pressing  is  not  justified) 

28) N.I.KozIov,Ibid  126, No  10,21-2(1952) 

& CA  47, 1391(195 3)(It  is  claimed  that  there 
is  no  significant  diff  between  pressed  and 
powdery  ammonites  when  used  in  very 
small  bore -holes  for  blasting  hard  rocks) 

Ammonite  Goudronite,  A Russian  coal  min- 
ing  expl  consisting  of  AN  and  tar(goudron). 
Its  props  are  given  by  N.  A. Shilling,  "Ex- 
plosives  and  Loading  of  Ammunition’  ' , 
Oboronguiz,Moscow(1946),107(See  also 
Ammonpek  and  Dynammon) 

Ammonium  Azides.  See  under  Azides(Inor- 
ganic) 

Ammonium  Bicarbonate.  See  under  Bicarbon- 
ates 

Ammonium  Bichromate{Dichromate).  See  un- 
der Chromates,  Bichromates,  etc 
Ammonium  Borate.  See  under  Borates 
Ammonium  Bromate,  See  under  Bromates 
Ammonium  Carbamates.  See  under  Carbamate 
Ammonium  Carbonate.  See  under  Carbonates 
Ammonium  Chlorate.  See  under  Chlorates 
Ammonium  Chloride.  See  under  Chlorides 
Ammonium  Chromate.  See  under  Chromates 

Ammonium  Coboltic  Hexanitrate.  See  Ammo- 
nium Hexanitrocobaltate 

Ammonium  Compounds.  A general  descrip- 
tion of  such  comps  is  given  in  Kirk  and 
Othmer,  1(1947), 810-26(29  refs)  as  well  as 
in  the  books  on  inorganic  chemistry  and  in 
Chemical  Abstracts.  The  compds  which  are 
used  either  as  components  of  expls  or  pro- 
pellants or  for  prepn  of  such  components 
are  listed  in  this  dictionary  individually,as 
for  instance  Ammonium  Nitrate 

Ammonium  Cyanide.  See  under  Cyanides 

Ammonium  Dichromate  (Bichromate).  See  un- 
der Chromates,  etc 

Ammonium  Ethyl onedinitramate.  See  Ethyl- 
enedinitramine,  Ammonium  Salt,  under  Ethyl- 
enediamine 


Ammonium  Haleite.  See  Ethylenedinitramine, 
Ammonium  Salt,  under  Ethylenediamine 

Ammonium  Hexanitrocobaltate  or  Ammonium? 
coboltic  Hexanitrite(Cobalticammonium  Ni- 
trite ),(NH4)jCo(N 0 2 )6- 1 % H20.  It  was  prepd 
according  to  Mellor(Ref  1)  in  1857  by  O.W. 
Gibbs  on  mixing  an  acidified  soln  of  cobalt 
chloride  with  ammonium  nitrite.  The  follow- 
ing expl  props  were  determined  at  PicArsn: 
expin  temp(5  sec)  230°;  impact  sensitivity 
(BurMines  app,  2 kg  wt)  33  cm  and  sand  test 
45%  of  TNT.  It  requires  0.30  g of  MF  for  its 
initiation(Ref  2) 

Refs:  l)Mellor  8(1928),504  2)W.R. Tomlin- 

son, X.G.Ottoson  & L.F.Audrieth,  JACS  71, 
375-6(1949) 

Ammonium  Hydroxide.  See  Ammonia,  Aqueous 

Ammonium  Hypophosphite.  See  under  Hypo- 
phosphites 

Ammonium,  Metol(Metal  Ammonium).  Solutions 
of  mercury  arid  the  alkali  metals  in  li q am- 
monia were  first  prepd  and  studied  by  Weyl 
(Ref  I).  According  to  his  views',  the  metals 
are  joined  to  the  nitrogen  of  ammonia,  form- 
ing substituted  ammonium  radicals.  Many  in- 
vestigators later  studied  the  solns  of  metals 
in  liq  ammonia  and  while  a few  of  the  investi- 
gators were  in  favor  of  WeyPs  the ory( Joan nis 
in  1892,  Moissan  in  1898  and  Benoit  in  1923), 
others  were  against  it(See!ey  in  1871,  Ruff 
and  Geisel  in  1906,  Kraus  in  1908,  Biltz  in 
1920  etc) 

Kraus  & Johnson(Ref  2)  reinvestigated  the 
solns  of  lithium  in  Liq  ammonia  and  came  to 
the  conclusion  that  there  is  no  evidence  indi- 
cating that  Li  is  joined  to  the  nitrogen  of  am- 
monia, forming  a substituted  ammonium  ion 
Note:  The  compds  formerly  called  ’'metal- 
ammoniums'  ' are  now  called  amminesfqy)  or 
' ' amm oniate s'  ‘ 

Refs:  l)W.Weyl,Ann  Physik(Poggendorff’ s 

Ann)  121,601(1864)  & ChemZtr  1864,601— 4 

2) C.A.Kraus  & W.C. Johnson;  JACS  47, 
725-31(1925X16  refs)  & CA  19,1360(1925) 

3) J.N. Friend, edit,  "Textbook  of  Inorganic 
Chemistry’’,  vol  10,  Griffin, London(1928), 
"The  Metal  Ammines’  ’ by  M.  J.  Sutherland 
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AMMONIUM  NITRATE 
(AN  or  Amm  Nitrate) 

(Ammonsalpeter  in  German,  Nitrate  d’ 
ammoniaque  in  French,  Ammoniynaya 
Selitra  in  Russian,  Nitrato  amonico  in 
Italian,  Nitrato  amonico  in  Spanish,  Hsiao 
Hsuan  An  in  Chinese  and  Amonum  Shosanen 
in  Japanese  ).NH,NO„  mw  80.05,  N35.00%, 

OB  to  H20  and  N2  + 20.0%  cryst  d at  25° 

1.725  (Ref  127a)  (for  densities  of  various 
modifications,  see  below),  d of  material 
used  for  manuf  of  amatol  1.06  or  higher 
(Ref  127a),  d of  molten  material  1.402  at 
175°  and  I.36  at  200°.  Hardness  on  Moh’s 
scale  1.1,  mp  169.6  - 169.9°  (with  slight 
sublimation)  (Ref  122a),  mp  of  technical 
grade  ca  165°,  bp  of  pure  material  ca  210° 
at  11  mm  Hg  pressure  and  it  distills  prac- 
tically without  decomposition.  It  decomp 
at  230°  and  760  mm  Hg  pressure,  and  above 
325°  it  deflagrates.  There  may  be  some  de- 
compn  even  at  as  low  at  100°,  since  constant 
weight  cannot  be  obtained  at  this  temp,  and 
decompn  is  quite  perceptible  above  the  mp 
of  AN.  If  confined,  AN  may  explode  between 
260  and  300°.  When  liquid  AN  is  cooled  below 
its  fr  p,  there  are  formed  cubic  crysts  which, 
on  further  cooling,  undergo  (at  125.2°)  trans- 
ition into  tetragonal  crysts.  There  are  five 
allotropic  modifications  of  solid  AN  (Refs 
122  & 122a) 

The  following  table  gives  the  crystallo- 
graphic characteristics  of  the  different 
forms  of  AN: 


The  heat  of  transition  from  form  HI  to  form 
II  is  310  keal/mol  and  that  from  form  II  to 
form  I is  979  kcal/mol.  Whetstone  (Ref  II 3) 
studied  the  initiation  of  transition  between 
forms  III  and  IV.  The  effect  of  foreign  sub- 
stances on  the  transition  IV  ^ III  was  studied 
by  Campbell  and  Campbell  (Ref  81)  who 
found  that  in  the  case  of  a solid  solution  of 
8.  to  10%  of  KNOj  in  AN  the  temperature  of 
transition  of  form  III  into  form  IV  is  depressed 
by  about  20°.  Such  solid  solutions  can  be 
prepared  either  by  fusion  or  by  co-crystalliza- 
tion from  aqueous  solutions.  Hendricks  et  al 
(Ref  40) found  form  III  to  be  orthorhombic  and  form 
V to  exist  up  to  —18°  and  not  to  -16°.  Bowren 
(Ref  30)  showed  that  there  is  also  a metastable 
inversion  occurring  at  about  50°  as  follows: 
orthorhombic  form  (/3)(32.  l°to  — 16°)^* 
tetragonal  form  (S)(125.2°  to  84.2°). 

The  heat  of  transition  of  various 
modifications  of  AN  was  studied  also 
by  Steiner  and  Johnston  (Ref  36).  According 
to  Assonov  and  Rossi  (Ref  68),  beta  ortho- 
rhombic crysts,  which  are  stable  up  to 
32.1°,  do  not  cake  provided  that  the  moisture 
content  is  less  than  0.5%.  If  the  temp  is 
raised  above  32. 1°,  these  crysts  (d  1.725) 
undergo  an  increase  of  about  3%  in  volume 
and  then  break  up  into  a fine,  cryst  powrder 
having  a d of  1.66.  When  stored  in  the  open, 
this  powder  hardens  (cakes)  like  cement. 

This  is  especially  pronounced  in  the  presence 
of  moisture.  Caking  is  also  observed  when 
crysts  of  the  gamma  form  are  cooled  below 
32. 1°.  This  occurs  with  relatively  dry 
samples  having  less  than  0.15%  moisture 


Form  Crystal  System  Density,  g/ec  Range  °C 

Liquid  - - Above  169.6 

I Epsilon  (e)  Regular  (cubic)  (isometric)  1.594  at  130  ±5°  125.2  to  169.6 

II  Delta  (§)  Rhombohedral  or  tetragonal  1.666  at  93  ±5°  84.2  to  125.2 

III  Gamma  (y)  Orthorhombic  1,661  at  40  ±1°  32.1  to  84.2 

IV  Beta  (^3)  Orthorhombic  1.725  at  25°  ~ 16  to  32.1 

V Alpha  (a)  Tetragonal  1.710  at  — 25  ±5°  -18  to  -16 
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Historical  (Refs  31,  62,  71  & 72) 

AN  is  very  seldom  encountered  in  nature. 
The  first  description  of  its  preparation  and 
properties  was  in  1659  by  Glauber,  who 
treated  (NH4)2C03  with  HNO,  and  called  the 
resulting  salt  “Nitrumflammans”.  Gmelin, 
at  the  start  of  the  19th  century,  called  AN 
“Flammender  Salpeter”.  Grindel  and  Robin 
were  the  first,  in  the  beginning  of  the  19th 
century,  to  use  it  in  explosives  — as  a 
replacement  for  KNOs  in  black  powder.  In 
1840  Reise  and  Millon  reported  that  a mix- 
ture of  powdered  AN  and  charcoal  exploded 
on  heating  to  170°.  In  1867  the  Swedish 
chemists  Ohlsson  and  Norrbin  patented  an 
explosive  called  “Ammoniakrut”  which  coi>* 
sisted  of  AN  with  a small  amount  of  other 
ingredients.  Nobel  purchased  the  patent  in 
1870  and  started  to  work  on  the  possibility 
of  rendering  the  AN  less  hygroscopic  by 
various  treatments.  He  partly  succeeded  in 
doing  this  in  his  ‘"Extra  Dynamites”  or 
"Ammongelatin  Dynamites”,  patented  in 
1879-  In  these  explosives  AN  crystals  were 
coated  with  a jelly  consisting  of  NG  and 
collodion  cotton  (Refs  5,  9>  10  & 84) 

The  study  of  AN  was  continued  and  in  the 
eighties  of  the  19th  century  Berthelot  pub- 
lished a theoretical  equation  for  its  decom- 
position (Refs  1 & 2)-  At  the  beginning  of 
the  present  century  Kast  and  Naoum  studied 
and  described  such  explosive  properties  of 
AN  as  sensitivity  to  detonation,  impact  and 
heat,  rate  of  detonation,  Trauzl  block  value 
etc 

Until  the  time  of  the  Oppau  disaster  (1921), 
AN  was  not  considered  to  be  an  explosive. 
This  disaster  called  for  more  extensive 
research  into  its  properties,  and  numerous 
works  were  published  as  a result  of  such 
investigations  (Refs  15a  & 15b).  However, 
the  findings  of  the  various  investigators 
were  somewhat  at  variance.  While  some 
claimed  that  AN  itself  cannot  be  detonated 
unless  it.  is  strongly  confined  and  a very 


strong  initiating  charge  is  used,  others 
claimed  that  it  can  be  detonated  even  on 
strong  heating  if  confined,  because  the 
gases  formed  by  decomposition  are  explo- 
sive, detonate  first  and  cause  the  explosion 
of  any  remaining  molten  material.  Although 
the  Oppau  disaster  certainly  showed  that 
AN  is  an  explosive,  fires  and  explosions 
continued  to  occur  throughout  the  world, 
although  generally  on  a small  scale 

After  the  termination  of  World  War  II,  the 
US  Government  began  shipments  to  Europe 
of  so-called  FGAN  (Fertilizer  Grade-Ammo- 
nium Nitrate),  which  consisted  of  grained 
AN  coated  with  about  0.75%  of  wax  and 
conditioned  with  about  3.5%  of  clay.  Since 
this  material  was  not  considered  to  be  an 
explosive,  no  special  precautions  were 
taken  during  its  handling  and  shipment  — 
workmen  even  smoked  during  the  loading  of 
the  material.  Numerous  shipments  were  made 
without  trouble  prior  to  April  16  and  17, 

1947,  when  one  of  the  worst  explosions  in 
history  occurred.  The  SS  Grand  camp  and  the 
SS  Highflyer,  moored  in  the  harbor  at  Texas 
City,  Texas  and  loaded  with  FGAN,  blew 
up.  For  description  and  probable  causes,  see 
under  “Ammonium  Nitrace  Explosions  and 
Fire  Hazards” 

As  a consequence  of  this  disaster,  a 
series  of  investigations  was  started  in  the 
United  States  in  an  attempt  to  determine  the 
possible  causes  of  the  explosions.  At  the 
same  time  a more  thorough  study  of  the  ex- 
plosive properties  of  AN  and  its  mixtures 
with  organic  and  inorganic  materials  was 
instituted 

The  explosion  at  Texas  City  had  barely 
taken  place  when  a similar  one  aboard  the 
SS  Ocean  Liberty  shook  the  harbor  of  Brest, 
France  on  July  28,  1947.  As  investigations 
following  the  Texas  City  and  Brest  explo- 
sions showed  that  AN  is  much  more  danger- 
ous chan  previously  thought,  more  rigid 
regulations  governing  its  storage,  loading 
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and  transportation  in  the  United  States  were 
promptly  enacted 

At  present,  AN  is  classified  as  “an explo- 
sive ingredient”  and  oxidizing  material.  Its 
manufacture,  use,  storage  distribution  and  pos- 
session are  regulated  by  the  Federal  Explosives 
Act,  which  is  administered  by  the  US  Bureau  of 
Mines.  A yellow  label,  the  same  as  for  Amm 
perchlorate,  is  required  on  all  railroad  ship- 
ments. Since  1947,  fortunately,  there  have 
been  no  major  disasters  with  AN,  only  a few 
fires  have  occurred 

Preparation  of  AN  (General  Discussion) 

Until  World  War  I,  AN  was  manufd  chiefly 
by  neutralizing,  with  weak  HNO,,  the  NH, 
present  in  aqueous  by-products  of  the  artificial 
gas  and  coking  industries.  As  the  HNO,  was 
then  manufd  from  Chile  saltpeter,  it  con- 
tained HC1,  HNO,  and  boric  acid  as  im- 
purities, while  the  gas  liquor  NH,  used  con- 
tained pyridine  and  thiocyanates.  Conse- 
quently, the  AN  also  contained  the  same 
impurities.  Such  AN  was  used  in  blasting 
explosives  and,  to  some  extent,  in  mixed 
fertilizers.  In  1913  the  manuf  of  HNO,  from 
NH,  produced  from  atmospheric  nitrogen  was 
begun  in  Europe.  This  acid  was  of  a higher 
degree  of  purity  and,  as  it  was  neutralized 
with  synthetic  NH,,  the  AN  produced  was 
much  purer  than  that  obtained  by  the  earlier 
process 

Some  later  achievements  and  problems  in 
the  manuf  of  AN  and  Amm  sulfate  have  been 
reported  by  Perelman  and  Klevke  (Ref  69)- 
In  a patent  issued  for  nitrogen  fertilizers 
from  NH,  and  nitric,  phosphoric  or  sulfuric 
acid,  Lutz  (Ref  100)  described  a procedure 
for  the  prepn  of  AN.  Strel’zoff  (Ref  98)  de- 
scribed a process  for  the  manuf  of  AN  from 
NH,  and  aq'  HNO,  in  which  the  heat  of  re- 
action is  utilized  to  evap  and  cone  the  soln 
so  that  the  cry  sc  AN  can  be  withdrawn  without 
any  addition  of  external  heat.  By  maintaining 
the  reaction  zone  at  a relatively  high  pressure 


and  the  concentrating  zone  at  a low  pres- 
sure, a sufficient  temp  gradient  was  set  up  to 
allow  a rapid  and  efficient  transfer  of  heat 
from  the  hot  vapors  of  the  reactor  to  the 
soln  to  be  boiled  and  coned.  A typical 
arrangement  producing  32100  lb/hr  is  de- 
scribed in  the  patent.  Seaman  et  al  (Ref  102) 
reported  the  production  of  AN  by  continuous 
vac  crystn.  An  apparatus  to  control  the  AN 
content  of  waste  water  from  manufg  plants 
has  been  described  by  Krichmar  (Ref  117) 

Laboratory  Procedure.  A.  Pe'rez  Ara  (Ref  76) 
gives  the  following  laboratory  method  of 
prepn  of  AN:  Dilute  in  a beaker  100  ml  of 
commercial  nitric  acid  with  an  equal  amount 
of  water.  Add  coml  Amm  hydroxyde  slowly, 
while  stirring  and  cooling  the  soln,  until  it 
is  alkaline  to  litmus  paper.  Evaporate  on  a 
steam  bath  to  the  formation  of  a crust.  Cool 
the  soln  and  separate  crysts  from  the  mother 
liquor.  Dry  the  crysts  and,  if  desired,  purify 
byrecrystn  from  distd  water 

Plant  Processes.  Following  are  some  of  the 
processes  for  manuf  of  AN: 

1.  Passing  NH,  gas  into  4060%  HNO,. 
This  is  the  most  common  method  of  manuf 
and  is  described  further  with  more  detail. 
Symmes  (Ref  19)  was  one  of  the  first  to 
describe  this  process  in  detail  and  later 
assigned  the  patent  to  the  Hercules  Powder 
Co  (Ref  33) 

2-  By  the  double  decomposition  of  calcium 
nitrate  and  ammonium  carbonate  (or  sulfate) 
in  solution:  Ca(NO,),  + (NH4),C0,  -*■  CaCO,  + 
2NH.NO, 

3.  By  the  double  decomposition  of  ammo- 
nium sulfate  and  sodium  nitrate  in  solution: 
(NH4),St)4  + 2NaNO,  2NH4NO,  + Na,S04 . 
This  process,  patented  by  Freeth  and 
Cocksedge  (Ref  13),  was  an  economical  one 
up  to  the  time  of  the  development  of  syn- 
thetic NH,  and  of  HNO,  by  ammonia  oxida- 
tion 
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4.  By  using  sodium  nitrate  instead  of 
common  salt  in  the  ammonia-soda  process: 
NaNOj  + NH4HC0s  2 NH4N0s  + NaHCO, 

5.  By  mixing  the  gases  (NOa  + 0}  + HaO) 
obtained  as  by-products  of  ammonia  oxi- 
dation plants,  with  ammonia  gas  and  extra 
air  in  order  to  bring  about  the  following  re- 
action: 4N0a  + Oa  + 2HaO  + 4NH,  - 4NH4N03. 
In  this  process,  An  is  deposited  as  a powder 

The  first  o f tHs  S0  processes  is  now 
usually  conducted  on  a plant  scale  as  follows, 
the  operation  being  continuous: 

a.  40%  nitric  acid  is  gradually  fed  into 
a stainless  steel  open  vessel  (reactor  or 
separator)  and  an  equimolecular  quantity  of 
gaseous  is  introduced  simultaneously 
beneath  the  surface  of  the  acid.  The  re- 
action NR,  + HNO,  - NH4N0,  is  highly 
exothermic  and  causes  the  solution  to  boil, 
thus  partially  concentrating  it 

b.  As  soon  as  the  reactor  is  full  and/or 
the  solution  has  reached  a cone  of  about 
5055%  AN,  a valve  at  the  bottom  is  opened 
and  the  liquor  is  continuously  drawn  to  a 
cooler.  From  there  it  is  run  into  a storage 
tank.  While  the  solution  is  being  removed 
from  the  reactor,  it  is  continuously  replaced 
with  equivalent  amounts  of  HNO,  and  NH, 

c.  The  AN  solution  in  storage  can 
either  be  shipped  directly  as  such  (to  be 
used  as  fertilizer)  or  it  can  be  converted 
into  solid  AN  by  evap.  Several  methods  of 
evaporation  ana  Crystallization  are  used,  as 
described  below: 

Methods  of  Evaporation  of  AN  Solutions 

A.  Batch  Process  (Kefs  93>  102).  The  satu- 
rated solution  from  the  storage  tank  is  gravity 

At\«»  ownnrirof  f nrr  rs-an  e 
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provided  with  stainless  steel  or  aluminum 
heating  coils  and  air  agitation.  The  soln  is 
evaporated  to  about  98%  at  a temp  of 


155-160°C  (310-320°F).  The  evaporn  is 
stopped  when  the  material  fudges.  The 
fudge  is  transferred  into  flat  grainers  ("low 
pans”)  provided  with  slowly  rotating  stain- 
less steel  paddles.  Stirring  the  syrup  in 
the  open,  cools  it,  drives  off  the  remainder 
of  the  water  and  produces  small,  rounded 
crystals  of  AN.  When  the  granulation  has 
reached  a certain  point,  a coating  material 
is  added  and  the  stirring  continued  for  a 
while  to  insure  uniform  coating.  One  ton  of 
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NH,  and  1630  lbs  of  100%  HNO*  (Yield  98%) 

B.  Continuous  Process  of  Graining  (Spray 
Granulation  or  Prilling  (Refs  104  & 118)- 
The  AN  solution  is  transferred  from  the 
storage  tank  to  evaporating  pans  (‘'high 
pans”)  where  it  is  evapd  to  a c on cn  of  about 
95 %«  The  hot  soln  (about  140°)  is  pumped 

to  the  top  of  a spraying  chamber  (20  ft  square 
by  70  ft  high)  and  fed  into  the  chamber 
through  a sprayer.  As  the  soln  falls,  the  re- 
mainder of  the  water  evaporates,  leaving 
spherical  grains  about  the  size  of  buckshot, 
called  "prills”,  which  fall  to  the  bottom  of 
the  tower.  In  order  to  prevent  caking  of  these 
particles,  they  are  dried  further  and  coated 
with  substances  such  as  wax,  paraffin  and, 
in  the  case  of  FGAN,  with  diacomaceous 
earth,  clay  etc.  The  resulting  product  is 
called  "Nitraprill”  and  can  be  stored  without 
becoming  caked  (See  Note,  p A340) 

C.  Continuous  Vacuum  Crystallization 
(Refs  102,  118).  The  AN,  after  being  con- 
centrated in  "high  pans”  to  about  75‘80% 
strength,  is  transferred  to  a special  stain- 
less steel  vacuum  crystallizer,  similar  to 

^nsln-rfucral  M rla  ccifvino  rvn*»  Fvahn 
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is  conducted  at  an  absol  press  of  2 mm  of  Hg 
and  a temp  of  36°C(97°F).  The  resulting 
slurry,  contg  about  40%  by  weight  of  crys- 
tals, is  continuously  removed  from  the 
bottom  and  run  through  a centrifuge.  The 
crysts,  contg  about  1%  water,  are  dried  to 
a 0.1%  moisture  content.  The  mother  liquor 
is  returned  to  the  system  (See  also  Ref  54) 
(See  Note,  p A340) 
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Other  methods  of  manufg  AN  are  based 
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action.  They  include  the  following: 


6.  Fauser  Process.  This  method  originated 
in  Italy  and  has  assumed  considerable  im- 
portance in  Europe  (Refs  52  & 85) 
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8.  Caro  and  Frank  Process  (Refs  41  & 85) 

9.  Tomolo  Process  (Refs  34  & 85).  Some 
comparatively  recent  patents  for  the  pro- 
duction of  AN  have  been  assigned  to  the 

du  Pont  Co  (Refs  63  , 64  & 66)  (See  also  Refs 
95  & 127) 


10.  TV  A Process  (Refs  85,  93  & 102).  In 
1933  the  Tennessee  Valley  Authority  in- 
herited a World  War  I plant  designed  to  pro- 
duce ammonia  by  a roundabout  and  obsolete 
method  in  the  following  steps:  first  the  manuf 
of  lime  and  subsequently  Ca  carbide,  then 
Ca  cyanamide,  ammonia,  nitric  acid  and 
finally  AN.  In  1940  a modern  high-pressure 
ammonia  plant  was  constructed,  in  which 
there  were  used  an  improved  ammonia  syn- 
thesis catalyst  and  a water-gas  conversion 
catalyst.  During  WW  II,  the  TVA  produced 
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AN  liquor,  64000  t of  AN  crysts  and  over 
375,000  t of  phosphate  and  nitrate  fertilizer. 
When  the  Ordn  Dept  in  1943  reduced  its  de- 
mand for  AN,  TVA  changed  to  the  production 
of  AN  suitable  for  use  as  a fertilizer.  In 
cooperation  with  the  US  Dept  of  Agric,  the 
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ditioning  grained  AN.  This  process  was  sub- 
sequently adopted  by  Ordn  plants.  In  1948 
the  batch  graining  process  was  replaced  by  a 
continuous  crystg  process  operated  at  low 
temp;  hence  it  is  the  safest  known  process 
for  prepg  cryst  AN.  In  spite  of  the  superiority 
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production  over  the  old  cyanamide  process, 
a more  economical  process  is  one  based  on 


the  use  of  natural  gas  as  the  raw  material. 
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use  of  gas  for  this  more  efficient  process 
of  producing  fertilizer  and  munition  grades 
of  AN.  The  TVA  flow  diagram  for  AN  is 
included.  (S ee  next  page  ) 


11.  Stengel  Process.  (Refs  99,  105,  114  & 
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heated  nitric  acid  takes  place  in  a packed, 
tubular  reactor  at  about  204°.  The  molten  AN 
collects  on  the  packing,  flows  to  the  bottom 
of  the  reactor  and  through  a centrifugal 
separator,  the  bottom  portion  of  which  is 
also  filled  with  packing.  The  heat  of  the 
highly  exothermic  reaction  between  NH3 
and  HNOj  serves  to  evaporate  any  water 
present.  Air  blown  through  the  material  con- 
trols the  moisture  content  at:almost  any  de- 
sired level.  The  molten  product  leaving  the 
bottom  of  the  reactor  is  essentially  water 
free  (0.2%)  and  goes  to  a weir  box.  A sheet 
of  AN  forms  on  water-cooled  Sandvik  beits, 
at  the  end  of  which  is  a breaker  which  re- 
duces the  sheet  to  flakes.  The  flakes  are 
transferred  to  grinders,  screens  and  a coating 
drum  (See  also  the  patented  process  of 
Davis,  Ref  96).  The  Stengel  process  is  in 
use  at  the  Sterlington  plant  of  the  '‘Com- 
mercial Solvents*'  (See  enclosed  flowsheet) 


Besides  the  shove  S tcngcl  Process,  there 
are  two  other  modern  commercially  important 
processes  — the  Prilling  Process  and  the 
Crystallization  Process  (See  inclosed  flow- 
sheets) 


In  the  Prz7/ing  Process,  such  as  practiced 
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Chemical  Co,  Ei  Dorado,  Arkansas),  the 
production  centers  around  a prilling  tower, 
where  a coned  soln  of  AN  forms  into  small 
droplets  which  flow  downward  against  a 
stream  of  air.  The  resulting  slightly  moist 
prills  are  screened,  dried  and  cooled  by  air 


In  the  Crystallization  Process,  such  as 
practiced  by  Aburdarverksmidjan  HF  plant, 
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FLOW  DIAGRAM  FOR  THE  PRODUCTION  OF  AMMONIUM  NITRATE 
BY  THE  STENGEL  PROCESS  (COMMERCIAL  SOLVENTS) 
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FLOW  DIAGRAM  FOR  THE  PRODUCTION  OF  AMMONIUM  NITRATE 
BY  THE  PRILLING  PROCESS  (LION  OIL  CO  ) 


FLOW  DIAGRAM  FOR  THE  PRODUOTION  OF  AMMONIUM  NITRATE 
BY  THE  CRYSTALLIZATION  PROCESS  ( AB  UR  DARVE  RKSM  ID  JAN  HF) 
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the  production  centers  around  a vacuum 
crystallizer,  where  a satd  soln  of  AN  is 
cooled  under  vacuum  to  produce  a slurry, 
which  goes  next  to  a centrifuge  where  crysts 
of  AN  are  separated.  After  removal  of  mois- 
ture in  a dryer,  the  crysts  are  coated  with 
clay  to  prevent  their  caking 


A/rt/o*  14  r r>Vi  Pan  P itpc  an4  F Yhlrtcirm  C. 
* — - * ~ — 

Numerous  fires,  sometimes  resulting  in  ex- 
plosions, have  occurred  during  the  concn 
of  AN  in  "high  pans’*.  In  view  of  this,  it 
might  be  inferred  that  un confined,  pure  AN 
may  be  detonated  by  heat  alone.  However, 
this  is  not  the  case,  as  investigations  of 
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there  was  confinement  and  there  was  definite 
proof  of  the  presence  of  some  organic  in- 
flammable materials  such  as  TNT,  carbon- 
aceous matter,  organic  nitrates  etc.  The 
burning  of  these  organic  materials  has  been 
considered  to  yield  so  much  heat  that  the 
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rate  of  such  decomposition  increases  so 
rapidly  that  it  becomes  explosive.  For  more 
information  on  this  subject,  see  Ref  86 


Preparation  of  Fertilizer  Grade  Ammonium 
Nitrate  (FGAN).  As  many  explosives  plants 
produce  fertilizer  grade  AN,  a short  de- 
scription of  the  American  process  is  included. 
After  transferring  the  AN  fudge  liquor  from 
the  "high  pan"  to  the  "low  pan"  (graining 
kettle)  (see  above  under  Methods  of  Evapo- 
ration), agitation  and  cooling  are  continued 
until  the  fudge  breaks  into  grains.  At  this 
point,  coating  material  [wax  and  clay;  petro- 
latum, rosin  and  paraffin  wax(PRP);or 
similar  material]  is  added  and  stirring  is 
continued  until  coating  is  complete.  This 
coating  (0.5  to  1.0%)  with  a waxy,  water- 
repellant  substance  is  necessary  in  order 
to  render  the  nitrate  less  hygroscopic.  In 
order  to  prevent  caking  of  the  coated  grains, 

3 to  5%  of  a so-called  "conditioning"  (anti- 
calriniO  aoent  such  an  nowdered  elav  flcaotinV 
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kieselguhr,  "Celite,”  plaster  of  Paris, 
tricalcium  phosphate  etc  is  introduced  and 


mixed  with  the  AN.  Very  good  results  with 
a product  called  "Kittitas"  (qv)  have  been 
reported.  The  AN  is  screened  and  the  portion 
passing  through  an  8-mesh  screen  is  bagged 
in  moisture-proof  bags  at  a temp  not  ex- 
ceeding 93°C  (200° F)  (See  Note,  p A340) 

The  finished  FGAN  is  required  to  meet 
the  following  specifications!  moisture-0. 25% 
(max),  ether-soluble  matter  0.75%  (max), 
water-insol  matter,  such  as  clay  3-50%  (max), 
nitrogen  32.50%  (min);  granulation:  through 
US  Std  Sieve  No  8 100%  (min),  on  US  Std 
Sieve  No  35  55%  (min)  and  through  US  Std 
Sieve  No  100  8%  (max) 

For  more  information  on  preparation  of 
FGAN,  see  Refs  74,  82  & 87 

Properties  of  Ammonium  Nitrate.  Refs  5,  8, 

11,  16  , 56,  84,  109,  128,  & 129  give  one  or 
several  of  the  following  properties  of  AN: 

Ability  to  Propagate  Detonation.  AN  has  a 
very  low  ability- to  propagate  a detonating 
wave.  It  happens  very  often  that  if  a charge 
(cartridge)  is  long  and  of  small  diameter  and 
unconfined,  the  detonating  wave  dies  out 
(dampens)  before  it  reaches  the  opposite  end 
of  the  cartridge 

Ballistic  Mortar  Test  Value . See  under  Power 

Behavior  Towards  Heat.  See  Sensitivity  to 
Initiation  by  Heat 

Behavior  Towards  metals  and  Other  Subsiances. 
According  to  Mellor,  vol  7 (Ref  16),  fused 
AN  will  not  react  at  room  temperature  with 
As,  Sn  or  Hg  but  will  react  with  Al,  Zn,  Pb, 

Sb,  Bi,  Ni,  Cu,  Ag  and  Cd.  Of  these  metals, 

Zn  is  attacked  very  rapidly  and  so  is  Cu.  Fe 
reacts  in  the  presence  of  moisture  with  the 
formation  of  ammonia  (Ref  122a).  According 
to  Kast  (Ref  31),  the  presence  of  KMnO«  may 
cause  the  spontaneous  ignition  of  AN.  In-  ' 
vestigations  conducted  at  Pic  Arsn  (Ref  88) 
showed  that  different  Cr  compounds  catalyze 
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the  decompn  of  AN.  According  to  Ref  122a, 
p 120,  AN  is  decomposed  by  strong  alkalis 
with  the  liberation  of  ammonia,  and  by  sul- 
furic acid  with  the  formation  of  (NH4)2S04  and 
HNOj.  In  the  presence  of  moisture,  AN 
reacts  with  copper  to  form  terra  mm  i no  cupric 
nitrate,  [Cu(NH,)«  3 (NO,)a,  which  is  of  the 
same  order  of  brisance  and  sensitivity  to 
impact  as  lead  azide.  For  this  reason,  tools 
of  brass  or  bronze  should  not  be  used  in 
operations  with  explosives  contg  AN.  AN 
has  little  if  any  effect  on  coatings  of  acid- 
proof  black  paint,  shellac,  baked  oil  or  NRC 
Compound  (Ref  122a)  (See  Note,  p A340) 

Brisance , by  the  following  methods:  a)  Lead 
Cylinder  Compression  Test,  54%  of  that  of 
TNT  b)  200  g Sand  Test,  only  partial  ex- 
plosion takes  place  (Ref  122a)  c)  Kast 
Formula  (Max  Potential  Work),  17,000  for 
complete  and  5,800  for  incomplete  decompo- 
sition as  compared  with  86,000  for  TNT 
(Ref  56)  d)  Fragmentation  of  40  ram  shell 
(average  charge  44.5  g at  d 1.0)  - 16  frag- 
ments for  AN  coated  with  wax  vs  66  frag- 
ments for  TNT 

Note:  According  to  Ref  122a,  p 123,  because 
of  its  low  rate  of  detonation,  the  brisance 
of  AN  is  relatively  low.  Fragmentation  tests 
in  small  shell  loaded  with  AN  and  with  TNT 
showed  the  nitrate  to  produce  only  24%  as 
many  fragments  as  TNT 

Coefficient  of  Expansion*  See  Thermal  Ex- 
pansion 

Decomposition  Reactions*  Berthelot  stated 
that  AN  can  decompose  according  to  any 
of  the  seven  equations  given  below.  The 
heats  of  decompn  (indicating  the  heat  evolved 
at  const  vol  and  300°K)  were  calcd  by  C-G. 
Dunkle  of  Pic  Arsn,  based  on  the  latest 
NDRC  values.  Unless  otherwise  stated,  these 
values  are  for  the  solid  salt.  For  molten  AN, 
add  about  4,000  cal/mol  to  these  values. 
Values  in  square  brackets  are  those  of  Scott 
and  Grant  (Ref  90),  and  were  calcd  from  the 


data  of  Bichowsky  and  Rossini  (Ref  57).  The 
values  for  heat  liberated  are  at  const  press 
and  18°  for  solid  AN,  with  all  products  of 
decompn  in  gaseous  form.  It  should  be  noted 
that  the  temps  of  decompn  indicated  here  for 
some  of  the  reactions  are  only  approx  and 
are  not  those  originally  given  by  Berthelot 
(Ref  1),  but  by  later  investigators.  None  of 
the  Berthelot's  reactions  occurs  as  a single 
reaction,  but  is  always  accompanied  by  other 
reactions.  The  higher  the  temp  of  decompn, 
the  more  the  reaction  approaches  reaction  c 
(see  below) 

Berthelot’s  reactions  are: 

a.  NH4N0,  - HNOj  + NH,  + 38.30  kcal.  This 
reaction  takes  place  at  a temp  somewhat 
above  the  mp  of  AN(169.9°).  The  corresponding 
value  for  the  solid  salt  is  -41.70  kcal 

b.  NH.NO,  NaO  + 2 HaO  + 13.20  kcal  (HaO 
gas)  and  33.10(H2O  liq).  For  the  same  re- 
action the  value  of  -10.7  kcal  is  given  in 
in  Ref  122a,  p 121.  According  to  Berthelot, 
this  reaction  takes  place  at  180-200°  when 
the  AN  is  not  confined.  Other  oxides  (than 
NjO)  form  at  230  to  285°.  Berthelot  also  re- 
ported that  AN  decomp  with  puffs  of  smoke 
when  heated  to  260° 

c.  NH4N03  ^ Na  + 0.5  02  + 2 HjO  + 30.50 
kcal  [28.47]  (HaO  gas)  or  50.40  (Ha0  liq). 

For  the  same  reaction,  the  value  of  +27.72 
kcal  is  given  in  Ref  122a.  This  reaction  is 
stated  to  take  place  when  AN  is  heated 
under  strong  confinement  or  when  initiated 
with  a powerful  detonator.  It  is  the  principal 
reaction  of  complete  detonation  of  AN.  Ac- 
cording to  calcn,  this  reaction  developes 
temp  1500°  and  pressure  11200  kg/cm2.  The 
gas  evolved  is  calcd  to  be  980  1/kg  at  STP 

d.  NH4N03  -*  NO  + 0.5  N2  + >H20  + 9-0  kcal 
[6.871  (HjO  gas)  or  28.90  (HaO  liq).  This  is 
supposed  to  be  one  of  the  side  reactions 
taking  place  during  incomplete  detonation 
and  one  which  developes  a pressure  of 
4860  kg/cmJ  and  a temp  of  518° 
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e.  3 NH4NO,  ->  2 Na  + N203  + 6 HaO  + 20.80 
kcal  [21.80]  (HaO  gas)  or  40.60  (H20  liq). 

This  reaction  cannot  take  place  alone  be- 
cause N2Oj  exists  only  in  the  dissociated 
state  as  NO  + N0a 

f.  4 NH.NO,  - 2 NOa  + 3 Na  + 8 H20  + 29-80 
kcal  [24.46]  (HjO  gas)  or  49.80  (H20  liq). 

This  is  another  possible  side  reaction, 
occurring  during  incomplete  detonation.  For 
this  reaction  Ref  122a,  p 121  gives  the 
value  of  96.0  kcal  which  does  not  agree  with 
the  value  given  by  Berthelot.  Ref  I22a  also 
gives  the  following  endothermic  reaction 

of  decompn,  which  was  not  listed  by  Berthelot: 
4 NH*NOj  - 3 NOa  + 5 H20  + Na  + NH3  + 

NO  -84.88  kcal 

g.  5 NH4NO,  - 2 HNO,  + 4 Na  + 9 H20  + 

35.10  kcal  [31.12]  (H,0  gas)  or  ca  55  kcal 

(HjO  liq  with  HN03  dissolved  therein).  This 
reaction  takes  place  under  certain  conditions, 
such  as  in  the  presence  of  spongy  Pt  and 
gaseous  HNOs  (Ref  1) 

Later  investigators  have  shown  that  the 
following  other  reactions  of  decompn  of  AN 
are  possible: 

h.  8 NH4NOs  -*  16  H20  + 2 NOa  + 5 Na  + 

16.58  kcal  (207  cal/g).  Saunders  (Ref  21) 
found  that  this  reaction  takes  place  during 
incomplete  detonation  and  is  accompanied 
by  a yellow  flame.  The  calcd  value  for  total 
gas  developed  by  this  reaction  is  945  1/kg 

i.  Nf^NOj  ->  0.5  NHS  + 0.75  NOa  + 0.25  NO  + 
0.25  Na  + 1.25  HaO  - 21.20  kcal.  Kaiser 
(Ref  52)  lists  this  reaction  of  decompn  of 
AN  when  under  confinement  and  at  200  to 
260°.  This  endothermic  reaction  is  followed, 
at  260  to  300°,  by  explosion  of  the  gaseous 
products  of  reaction.  This  expln  is  an 
exothermic  reaction  liberating  48.94  kcal  which 


is  more  than  1.5  times  as  great  as  the  heat 
liberated  by  the  reaction  c (see  above) 

j.  According  to  Ref  122a,  p 121,  the  most 
important  reactions  of  decompn  of  AN,  when 
heated  under  various  conditions,  are: 

NH4N03  ->  NaO  + 2 H20  + 10.7  kcal 

4 NH4NO,  ->  2 NOj  + 8 H20  + 3 Na  + 96.0  kcal 
4 NH4N05  -»  3 NOa  + 5HaO  + N2  + 2NH, 

+ NO  -84.88  kcal 

In  the  last  reaction  the  decompn  is  endother- 
mic, and  if  the  gaseous  mixt  of  products  of 
decompn  is  heated,  these  react  exothermically 
with  explosive  effect 
(See  also  Heat  of  Decomposition,  Heat  of 
Dissociation  and  Heat  of  Explosion  of  AN) 

Detonation  Rates  (Velocities  of  Detonation). 
Rates  as  low  as  1000  and  as  high  as  3000 
m/ sec  have  been  reported  in  the  literature 
for  AN  depending  on  the  conditions  and 
methods  of  testing.  The  most  important 
factors  affecting  the  velocity  are:  density, 
degree  of  confinement,  charge  diameter, 
particle  size  (especially  at  low  densities), 
strength  of  initiating  impulse  (nature  and 
quantity  of  booster  charge),  temperature  of 
sample  and  the  presence  of  certain  impurities 
such  as  organic  materials  or  oxidizable 
metals  (Refs  45  and  94) 

According  to  Ref  122a,  p 123,  values  from 
1100  to  2700  m/sec  were  observed  for  AN, 
depending  on  whether  the  detonation  was  in- 
complete or  complete.  Because  of  the  in- 
sensitivity of  AN  its  rate  of  detonation  is 
affected  by  its  particle  size,  apparent  den- 
sity, degree  of  confinement,  efficiency  of 
booster  charge  and  temperature  of  charge. 
Increase  in  rate  is  brought  about  by  decrease 
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in  particle  size,  decrease  in  apparent  density 
of  charge  and  increase  in  confinement.  In- 
crease in  the  temp  of  charge  from  15  to  140° 
has  been  found  to  result  in  an  increase  of 
400  m/ sec  in  the  rate 


The  following  table  gives  values  for 
rates  of  detonation  of  AN,  and  its  mixtures 
under  various  conditions  of  testing.  These 
values  were  taken  from  different  sources  as 
indicated 


Rates  of  Detonation 


Rate, 

Density, 

Charge 

Initiation  Charge 

m/sec 

g/cc 

dia,  mm 

Conta  iner 

by  temp,  °C 

Investigator 

Ref 

Pure  AN 

No  8 cap  plus: 

1140 

0.68-0.73 

26.2 

Shelby  tube 

75  g tetryl  15 

Gawthrop 

29 

1560 

0.68-0.73 

26.2 

53.5  cm  long, 

75  g tetryl  71 

Gawthrop 

29 

4.85mm  wall 

1230 

0.69 

50 

Steel  tube 

100  g PA  Room 

Kast 

31 

1310 

0.84 

25. 

Steel  tube 

50  g tetryl  Room 

Kast 

31 

1470 

0.83 

26 

Steel  tube 

60  g tetryl  Room 

Kast 

31 

1530 

0.79 

80 

Steel  tube 

100  g PA  Room 

Kast 

31 

1550 

0.88 

80 

Steel  tube 

100  g PA  Room 

Kast 

31 

1820 

0.84 

100 

Steel  tube 

200  g PA  Room 

Kast 

31 

1850 

0.82 

26.2 

Shelby  tube 

100  g tetryl  Room 

Perrott 

37 

1920 

0.64 

100 

Steel  tube 

100  g PA  Room 

Kast 

31 

2440 

50 

Lead  tube 

100  g PA  Room 

Aufschlager 

24 

2700 

0.98 

80 

Steel  tube 

250  g tetryl  Room 

Kast 

31 

1200-1 
1500  J 

When  incompletely  decomposed 

Stettbacher 

44 

2000-1 
2500  | 

1 When  completely  decomposed 

Stettbacher 

44 

1500 

Calculated  value  for  incomplete  detonation 

Kast 

31 

3000 

Calculated  value  for  complete  detonation 

Kast 

31 

AN  + 1% 

Nitrostareh 

1940 

0.82 

26.2 

Shelby  tube 

100  g PA  Room 

Perrott 

37 

AN  + 5% 

Nitrostareh 

2060 

0.82 

26.2 

Shelby  tube 

100  g P A Room 

Perrott 

37 

AN  +10%  Nitrostareh 

2470 

0.82 

26.2 

Shelby  tube 

100  g PA  Room 

Perrott 

37 

Fertilizer  Grade  Ammonium  Nitrate  (FGAN) 

1106 

0.90 

114.3 

Paper  tube 

225  g Comp  C Room 

Macy 

88 

1350 

0.91 

31-7 

Steel  tube 

50  g Comp  A3  Room 

Macy 

88 

2109 

1.4 

30 

Glass  tube 

50  g Comp  A3  >169° 

Macy 

88 

Note: 

Booster  charg 

es  of  PA, 

tetryl,  Comp  A3,  Comp  C,  etc  were  compressed 
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The  above  results  show  that  rates  of 
deton  increase  (within  certain  limits)  with 
increased  strength  of  initiating  agent,  in- 
crease in  confinement,  increased  diam  of 
charge,  increase  in  d of  charge,  increase  in 
temp  and  the  presence  of  organic  compds 
whether  explosive  or  nonexplosive 

According  to  Aufschlager  (Ref  24)  the 
rate  of  deton  of  AN  increases  with  increasing 
diam  of  the  charge,  and  if  the  diam  is  great 
enough,  unconfined  AN  can  detonate;  the 
rate  decreases  with  increased  distance  from 
the  initiator 

Aufschlager  also  found  that:  a)  A 10  g 
charge  of  AN  in  a Trauzl  lead  block,  under 
slight  confinement,  can  be  detonated  com- 
pletely by  a No  8 blasting  cap,  but  with  a 
No  6 cap  deton  was  not  complete  and  with 
smaller  caps  no  deton  occurred.  The  Trauzl 
test  value  was  about  165  cc  b)  Increasing 
the  grain  size  of  the  AN  seemed  to  improve 
propagation  of  deton,  but  if  the  crysts  were 
too  large  the  d was  decreased  to  such  an 
extent  that  the  blasting  effect  was  decreased. 
With  AN  of  max  d,  such  as  is  obtained  by 
fusing  and  then  solidifying  the  salt  (d  1.65), 
only  partial  deton  took  place  as  indicated  by 
the  Trauzl  test  c)  When  large  quantities  of 
AN  were  tested  under  slight  confinement  or 
no  confinement,  they  could  be  detonated  only 
by  a very  strong  initial  impulse  d)  The 
sensitivity  of  AN  is  increased  by  the  in- 
corpn  of  even  very  small  quantities  (1-2%) 
of  organic  substances  such  as  coal  dust, 
wood  pulp  etc  e)  The  vel  of  deton  of  AN 
decreased  with  decrease  in  confinement, 
decrease  in  diam  of  container  and  increase  in 
distance  from  point  of  initiation.  The  in- 
fluence of  change  in  initiating  agent  is  not 
very  great.  The  lowest  velocity  (1270  m/sec) 
was  obtained  with  No  5 to  8 caps  in  steel 
tubes  of  40  mm  diameter.  The  highest  value 
(2450  m/ sec)  was  obtained  in  60  mm  seam- 
less steel  tubes  (Mannesmann’s),  using  PA 
as  the  booster 


Kast  (Ref  23)  reported  velocities  of  deto- 
nation ranging  from  1200  to  1900  m/sec 
when  AN  was  loaded  at  d of  0.65  to  1.0  in 
wrought  iron  tubes  having  diams  from  2.5  to 
10  cm  and  the  charges  were  detonated  by 
means  of  boosters  consisting  of  50  to  300  g 
of  tetryl  or  PA.  Monroe  (Ref  25)  found  that 
AN  could  not  be  detond  at  ord  temps  when 
unconfined,  but  when  confined,  it  could  be 
detond  by  several  different  detonators.  The 
certainty  with  which  deton  could  be  effected 
increased  with  the  degree  of  confinement. 

On  the  other  hand,  the  certainty  of  deton  by 
initiation  decreased  with  an  increase  in  d 
of  the  AN;  that  is,  the  salt  tended  to  become 
'"dead  pressed"  (See  also  studies  by 
Parisot,  Ref  67) 

C.G.  Dunkle  of  Pic  Arsn  conducted  studies 
of  the  rate  of  deton  of  TNT  and  amatols  at 
a d of  1.5  in  Shelby  steel  tubing  of  1%"  ID 
and  initiated  by  pressed  tetryl  pellets.  His 
data  (Ref  70)  indicated,  by  extrapolation, 
that  the  race  of  deton  of  AN,  under  the  ex- 
perimental conditions  given,  should  be 
3700  m/sec.  The  amatols  uniformly  detond 
under  the  conditions  mentioned,  but  the 
50/50  amatol  consistently  failed  to  deton 
when  extruded, lead  tubing  was  substituted 
for  steel  tubing 

"Limiting  charge  diameters”  for  AN  under 
varying  degrees  of  confinement  were  re- 
ported by  Belyaev  & Khariton  (Ref  77)  in 
studies  summarized  as  follows:  a)  Deton  of 
AN  does  not.  differ  in  principle  from  other 
explosives  and  is  not  unique  b)  In  a series 
of  experiments,  dry  AN  (d  0. 7-0.8)  was 
packed  in  long,  thin-walled  glass  tubes  and 
cardboard  casings  of  various  diameters. 
These  charges  were  initiated  by  means  of  a 
mixt  of  AN  and  3%  of  TNT.  This  mixt, 
serving  as  a "booster”,  occupied  the  upper 
portion  of  the  tube  (or  casing)  and  was  set 
off  by  an  electric  detonator.  Stable,  non- 
damping detons  of  AN  were  observed  where 
the  charge  diam  ("limit  charge  diameter") 


A323 


was  greater  than  80  - 100  nun.  The  smaller 
the  diameter  of  the  charge,  the  more  abrupt 
was  the  damping  c)When  using  heavy 
casings,  such  as  concrete,  or  when  ex- 
ploding under  water,  the  * 'limit  charge 
diameter”  decreased  to  30  - 40  mm  d) 
Explosives  having  lower  heats  of  explosion 
than  AN,  such  as  mixts  of  AN  with  inert 
substances,  have  greater  "limit  charge 
diameter”  values 

Cook  et  al  (Ref  119)  measured  the  deton 
rates  of  pure  AN  (as  well  as  of  its  mixts 
with  TNT  and  with  Comp  B)  as  a function 
of  charge  diam.  A hand-tamped  charge  of 
AN  in  paper  tubing  diam  12.72  cm,  failed  to 
deton.  Average  rates  in  larger  diam  paper 
tubes  were:  1300  m/sec  in  16.0  cm  diam 
tube,  1500  in  19.99  cm,  1750  in  25.4  cm, 
2150  in  35.7  cm,  2360  in  40.4  cm  and  2760 
m/sec  in  46,0  cm  diam  tube 

According  to  Rinkenbach  (Ref  130),  rates 
of  deton  of  pure  AN  packed  in  steel  tubes 
at  approx  d 0.96  g/cc  were  as  follows: 

2570  m/sec  in  5"  ID  tube,  1681  in  4"  and 
failure  in  3"  ID  tube 

Sakurai  (Ref  120)  determined  the  *' shock 
wave  velocity  ” of  AN  at  an  apparent  d of 
0.91  g/cc  to  be  3200  m/sec  when  measured 
in  air  and  initiated  by  a TNT  booster 

Dissociation  Pressures,  as  given  in  Ref 
112a,  are  as  follows: 


Temp,  °C 

188.2 

205.1 

215.9 

mm  Hg 

3.25 

7.45 

11.55 

Temp,  °C 

223.1 

236.7 

249.1 

mg  Hg 

15.8 

27.0 

41.0 

Entropy  (Absolute),  as  given  in  Ref  122A 
is  36.0  cal/mol/°C  at  25° 

Explosion  by  Heat.  See  Sensitivity  to 
Initiation  by  Heat 

Explosion  by  Initiation,  See  Sensitivity  to 
Detonation  by  Detonators  and  Boosters 

Explosion  Temperature  — cannot  be 
determined  (Ref  122a,  p 121) 

Fire  and  Explosion  Hazard.  According 
to  Ref  122a,  p 123,  AN  is  a fire  hazard, 
since  it  is  a powerful  oxidizing  agent 
and  will  increase  the  intensity  of  com- 
bustion of  any  flammable  material 
mixed  with  or  adjacent  to  it.  More  in- 
formation on  the  subject  as  well  as 
on  the  handling  of  AN  in  storage  and 
shipping  may  be  found  in  Ref  127a 
and  Ref  86a 

Flash  Point  or  Ignition  T emperature  may 
be  detd  by  various  methods  such  as  those 
outlined  in  Refs  89  aod  101.  According  to 
Ref  89,  pure  AN  can  be  decompd  by  a flame 
at  a temp  of  395-6°,  while  a petrolated  AN 
decomp  at  ca  380°.  According  to  US  Dept 
Agric  Circ  No  719*  the  fl  p of  AN  is 
ca  500° 

Formation,  Heat  of.  See  Heat  of  Formation 
Fragmentation  Test.  See  under  Brisance 

Fusion  Heat.  See  Heat  of  Fusion 
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Friction  Sensitivity.  As  shown  by  the  US 
Bur  Mines.  Pendulum  Friction  Test,  neither 
pure  AN  or  FGAN  can  be  detonated  when 
subjected  to  the  test  with  a steel  shoe 

Cos  Developed  on  Decomposition  and 
Detonation . According  to  Kast  (Ref  31)  the 
total  volume  of  gas  produced  by  AN  when 
complete  deton  takes  place  is  980/1  kg, 
while  incomplete  deton  yields  945  lAg* 

Macy  (Ref  88)  gives  for  incomplete  deton 
937  1/kg  as  an  average  derived  from  the 
values  given  by  Brunswig  (Ref  9)t  Berthe- 
lot  (Ref  1),  Colver  (Ref  11)  and  Marshall 
(Ref  10).  Ref  122a,  p 120,  gives  980  1/kg 
or  78*44  1/mol  for  complete  deton.  This  is 
a calcd  value  for  gas  volume  at  STP 

Heat  of  Combustion.  According  to  Medard 
and  Thomas  (Ref  110)  the  values 

are  627.8  cal/g  and  50.3  kcal/mol  and 
Qj*  are  616.9  cal/g  and  49.4  kcal/mol 

Heat  of  Decomposition.  Kast  (Ref  31)  gives 
207  cal/g  for  AN  at  d of  1.0  g/cc,  as  de- 
rived from  the  reaction:  8 NH^NO,  16  H20 
+ 2 NOj  + 4 NO  + 5 N2.  Dunkle  of  PicArsn, 
NJ,  calcd  the  heat  of  decompn  as  4 14  cal/g 
or  33.14  kcal/mol  from  the  following  Berthe- 
lots’  reaction:  NH4NO,  -»  2 H,0  (liq)  + NaO. 
One  of  the  older  literature  values  for  the  heat 
of  decompn  was  347  cal/g.  The  average  of 
these  three  values  is  323  cal/g  or  25.86  kcal/ 
mol 

Heat  oj  Detonation.  See  Heat  of  Explosion 


Heat  of  Dissociation  at  Various  Tempera - 
tures.  Ref  112a  gives  the  following  values: 


Heat  of  Dissociation  (AH) 


Temp,  °C 
AH,  kcal/mol 


169.6  200  250 

39.33  38.92  38.25 


Temp,  °C  300  350 

AH,  kcal/mol  37.65  37.12 


Heat  of  Explosion  or  Detonation.  As  calcd 
from  constants  given  by  Brunswig,  Berthe- 
lot,  Colver  and  Marshall,  an  ave  value 
for  Qg  is  630  cal/g  (H20  liq).  According 
to  Ref  122a,  p 121,  the  detonation  reaction 
is:  NH4NO,  N2  +2H,0  (gas)  + 0.5  02  + 

27.72  kcal.  This  is  equivalent  to  346,3  cal/g. 
One  of  the  older  literature  values  for  Qe 
was  375  cal/g  with  H20  liq.  Kast  gave  a 
value  of  347  cal/g  at  a d of  1.0  g/cc  (Ref  31) 

D 

Heat  of  Formation.  Mellor  gives  for  Qj  88.1 
kcal/mol  or  1101  cal/g  (Ref  16).  As  calcd  from 
NDRC  data  (Rpt  A— 116),  the  value  for  Q*  is 
84.5  kcal/mol  or  1056  cal/g  , which 

corresponds  to  87.2  kcal/mol  or  1090  cal/g  for 
. Ref  122a  gives  87,93  kcal/mol  and 
1098.46  cal/g  respectively.  Medard  and 
Thomas  (Ref  110)  report  a value  of  1059  cal/g 
or  84,8  kcal/mol  for  Qj  and  1091  cal/g  or 
87,4  kcal/mol  for  Q^.  (See  also  values  reported 
by  Tavernier,  Ref  123) 

Heat  of  Fusion.  18.23  cal/g  (Ref  122a,  p 120) 
Heat  of  Sublimation.  See  Latent  Heat  of 
Sublimation 

Heat,  Specific.  See  Specific  Heat 
Heat  Tests,  See  under  Thermal  Stability 
Humidity  and  Hygroscopicity.  Pure  AN  is  not 
deliquescent  at  RT  and  at  RH  up  to  about 
75°,  but  at  higher  RH  the  salt  starts  to  de- 
liquesce. Moisture  uptake  of  dried  cryst  AN 
exposed  in  a 5—7  mm  layer  for  7 days  at 
20.1°  was  as  follows:  17%  at  78%  RH,  27.5% 
at  87.75%  RH  and  36.5%  at  97.5%  RH  (Ref  - 
Pic  Arsn  data) 

The  following  values  were  taken  from  a 
curve  in  Ref  82  for  the  RH  of  air  at  various 
temps  when  in  equilibrium  with  a satd  soln 
of  AN: 

°C  5 10  15  20  25  30  35  40  45  50 

% RH  82  75  70  67  63  59  56  53  51  48 

The  following  values,  demd  at  Pic  Arsn, 
give  % gain  in  wt  of  AN  stored  in  thin  layers 
at  22.2°  (72°F)  at  different  RH’s: 
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hygroscopic ity  of  AN 


Exposure,  days 
% Gain  at  52%  RH 
at  76%  RH 
at  90%  RH 

Exposure,  days 
% Gain  at  52%  RH 
at  76%  RH 


1 

0,2 

14.1 

32 

6 

0.2 


2 

0.2 

26.1 

62 

7 

0.2 


at  90%  RH  J33  145 


0.2 

29.1 

84 

8 

0.2 
"70  A 

I U.-I 

156 


Hygroscopicity.  See  Humidity  and  Hygro- 
scopicicy 

Ignition  Temperature . See  Flash  Point 

Impact  Sensitivities  at  Room  Temperature. 
PicArsn  App,  2 kg  wt:  31”  for  cp  AN  and 
29—32"  for  AN  coated  with  about  1%  wax; 
BurMines  App,  2 kg  wt;  no  action  for  cp  or 
wax-coated  AN.  Tests  conducted  at  the  same 
time  with  PicArsn  App  for  standard  explo- 
sives gave;  T7H  for  Explosive  D (Amm  pic- 
rate),  12-15"  for  TNT,  8”  for  tetryl,  4"  for 
LA  and  2"  for  MK  (See  also  Ref  122a) 

Impact  Sensitivity  at  Various  Temperature s, 
PicArsn  App,  2 kg  wt  (Ref  88); 


Temp,  UC 

Impact  Test,  inches 

25 

100 

150 

i/5 

AN,  cp 

31 

27 

27 

12 

AN,  wax- coated 

30 

22 

23 

12-13 

The  test  at  175°  shows  that  AN  in  molten 
condition  is  much  more  sensitive  than  the 
solid  material.  This  had  been  previously 
shown  by  Kast  (Ref  31)  who  gave  16—20  cm 
impact  sensitivity  with  10  kg  wt  and  12  cm 
with  20  kg  wc.  Ref  122a  gives  for  molten  AN 
12M  with  2 kg  wt,  PicArsn  App 


Maximum  Potential  Work . See  under  Brisance 

Oxidizing  Properties  of  AN.  Due  to  the  fact 
that  AN  contains  ca  20%  of  available  oxygen, 
it  serves  as  a powerful  oxidizing  agent.  Vari- 
ous metals  (especially  Zn)  react  with  AN 

even  at  RT,  but  the  reaction  is  more  vigor- 
ous when  the  mixture  is  heated.  All  organic 
compds,  when  heated  with  AN.  burn  with  the 
evolution  of  C0lf  CO,  NJf  N,0  etc  (Ref  94). 
Hardesty  and  Davis  (Ref  83)  found  that  pea- 
nut-hull meal  may  be  oxidized  by  AN  with 
the  formation  of  COj,  Na,  NaO,  02  and  small 
amounts  of  CaNa  and  N0a.  Aqueous  solos 
of  AN  corrode  metals,  such  as  Cu,  but  not 
as  much  as  do  NH,  and  HNO,  (Ref  45) 

Power.  Values  as  detd  by  the  Trauzl  Lead 
Block  Tesf(Lead  Block  Expansion  Test) 
have  been  reported  as  high  as  225  cc  for 
complete  detonation,  as  compared  with 
305  cc  for  PA  and  300  cc  for  TNT.  For  in- 
complete detonation,  a value  of  165  cc  has 
been  reported  (Ref,OSRD  Rpt  2014).  Compar- 
ing the  Trauzl  Block  Test  values  of  current 
Russian  AN  explosives  used  in  open-pit 
mining,  such  as  Ammonite  No  2 and  Dynamon 
K,  which  have  test  values  of  280  cc  and 
300  cc  respectively,  Assonov  and  Rossi 
(Ref  68)  concluded  that  it  was  cheaper  to 
replace  them  with  straight  AN,  for  which  they 
gave  a test  value  of  225  cc.  According  to 
Ref  122a,  p 1 23*  both  lead  block  expansion 
and  lead  cylinder  compression  tests  gave 
55%  of  TNT.  In  the  standard  Ballistic  Pendu- 
lum Test , AN  undergoes  only  partial  detona- 
tion. If  the  test  is  modified  so  that  a No  16 
blasting  cap  is  used,  AN  is  found  to  be  79% 
as  powerful  as  TNT  (Ref  130) 


Initiation  Sensitivity.  See  Sensitivity  to 
Initiation 

Latent  Heat  of  Sublimation  41.8  kcal/mol 
at  25°  (Addnl  Ref  H)  (See  p A340) 

Lead  Block  Test  Value.  See  Trauzl  Block 
Test  value,  under  Power 

Lead  Cylinder  Compression  Test.  See  under 
Brisance  and  a Note  under  Power 


Pressure  Developed  on  Detonation.  For  the 
reaction:  NH.NO.  -+  Ns  + 2 H.O  + 0.5  O. , 
the  calcd  pressure  is  11200  kg/cma  at  a 
temp  of  1500°.  Robinson  (Ref  15)  reported  a 
pressure  of  12.5  long  tofls/ina  in  0.5  x 10~s 
sec  for  straight  AN  and  15.2  lg  t/ina  for  a 
mixt  of  AN  with  0.5%  TNT.  The  pressure  rose 
steadily  and  rapidly  with  increasing  amounts 

'T'XT'T  2^.  — . I— - 1 ee  1 _ 

Ul  JU1  A ili  JLI  LU  *X  11AZS. A V LU.UC  Ul  J J lg 

t/ifla  for  straight  TNT 


« 
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Propagation  of  Detonation.  See  Ability  to 
Propagate  Detonation 

Rates  of  Detonation.  See  Detonation  Rates 

Rifle  Bullet  Test.  AN  at  a d of  1.2  g/cc  was 
unaffected  in  10  trials.  The  presence  of  small 
amts  of  wax-coating  did  not  affect  these  re- 
sults (Refs  122  a & 128) 

Sand  Test  Value.  See  under  Brisance 

Self-Ignition.  See  Spontaneous  Ignition 

Sensitivity  to  Impact . See  Impact  Sensitivity 

Sensitivity  to  Initiation  by  Detonators  and 
Boosters . As  a rule  AN  is  much  more  diffi- 
cult to  detonate  or  explode  than  any  of  the 
standard  explosives.  Even  with  strong  ini- 
tiators, such  as  a No  8 cap,  the  process  of 
explosn  (or  deton)  does  not  always  go  to 
completion  with  the  formation  of  N2,  02  and 
H20,  but  various  quantities  of  nitrogen  ox- 
ides are  also  formed.  This  is  especially  pro- 
nounced when  confinement  is  not  complete 
(Ref  26).  If  AN  is  unconfined,  it  cannot  be 
initiated  to  complete  deton  by  a No  8 cap 
(Ref  60).  If  AN  is  partly  or  completely  con- 
fined, a No  8 cap  may  be  considered  in  some 
cases  as  a sufficient  initiator,-  but  more  com- 
plete deton  is  obtained  either  by  combining 
a No  8 cap  (or  a weaker  cap)  wi  th  a booster 
(Ref  28),  or  by  using  a stronger  cap,  such  as 
No  16,  alone  (Ref  130).  It  is  much  easier  to 
deton  the  molten  salt  than  the  solid  material 
(Refs  28  & 29).'  The  pressed  cryst  material 
is  much  easier  to  decon  than  the  cast  material, 
and  the  sensitivity  to  deton  of  the  cryst  mate- 
rial increases  with  packing  d.  The  dry  salt 
is  easier  to  deton  than  the  moist.  In  finely 
divided,  low-density  form,  pure  AN  with  an 
apparent  d of  0.75  deton  more  completely 
(and  gives  higher  Trauzl  block  value), than 
does  technical  grade  AN 

The  relative  insensitivity  to  deton  of  pure 
AN  was  demonstrated  at  the  Bur  of  Mines  by 
Scott  and  Gram  (Ref  90)  by  firing  5 g charges 
at  d 0.84  with  caps  contg  various  amts  of 


80/20-MF/KClOj  mixture.  These  tests  were 
made  in  the  sand  test  bomb  with  small  paper 
cartridges  in  a manner  similar  to  the  minia- 
ture cartridge  test  described  in  Ref  78.  The 
results  of  the  tests  were  as  follows: 


Ordinory  Type 

Gram  s 

of  Sand 

C op 

Wt,  g,  of 

Crus 

:hed  by 

No 

MF-KC103 

5 

g of 

AN* 

TNT 

6 

1.0 

21 

253 

8 

2.0 

43 

254 

10 

3.0 

58 

261 

♦ 

After  correction  for  sand  crushed  by 
initiator 

The  above  results  show  that  only  part  of 
the  5 g sample  of  AN  detonated.  On  the  other 
hand,  some  tests  conducted  at  the  Bur  of 
Mines  with  the  ballistic  pendulum,  showed 
that,  when  properly  confined,  AN  can  be 
detond  completely  even  with  a No  6 cap 
(Ref  90) 

Munroe  (Ref  25)  noted  that  an  increase  in 
temp  results  in  increase  in  the  sensitivity 
to  initiation  as  well  as  the  Trauzl  lead  block 
value  of  AN 

Belyaev  and  Khariton  (Ref  77)  stated  that 
sensitiveness  to  initiation  is  increased  by 
increase  in  confinement  and  also  by  diam  of 
the  AN  charge.  For  instance,  charges  at  d 
0.7— 0.8  g/cc,  under  strong  confinement  such 
as  steel  tubing,  could  be  initiated  completely 
in  smaller  diameter  containers  than  when  the 
charges  were  relatively  unconfined  in  glass 
or  cardboard  tubes 

Sherrie k reported  (Ref  27)  the  following 
observations  in  studying  the  sensitivity  of 
AN  to  initiation:  a)  Attempts  to  ignite  3 g 

of  AN  in  a test  tube  by  means  of  a black  pow- 
der fuse  failed  b)  Attempts  to  detonate  AN 
loaded  at  d 0.7  in  1.5"  id  Shelby  steel  tubing 
having  wall  thickness  of  lA"  did  not  result  in 
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more  than  feeble,  partial  deton  when  100  g 
boosters  of  TNT,  tetryl,  PA  or  TNA  were 
used  c)  At  a red  heat,  5 g of  AN  merely 
decompd  without  flame,  leaving  no  residue 
d)  The  explosibility  of  AN  decreased  with 
increasing  d and  decreasing  confinement 

Sensitivity  to  initiation  of  AN  is  also 
increased  when  impurities,  especially  or- 
ganic materials,  are  present  (Refs  20,  21, 

73  and  89) 

According  to  Ref  122a,  p 122,  it  has  been 
practicable  to  deton  large  charges  of  prop- 
erly confined  AN  by  means  of  a booster 
charge  of  tetryl,  but  not  by  means  of  a LA 
or  MF  blasting  cap.  Sensitivity  to  initiation 
decreases  with  increase  in  loading  d,  and 
if  this  exceeds  0.9  charges  of  1 to  3 lbs 
cannot  be  detond  completely  even  by  large 
booster  charges.  Charges  larger  than  3 lbs 
can  be  detond  completely  at  d’ s not  greater 
than  1.1.  The  admixture  of  up  to  8%  of  non- 
explosive carbonaceous  material  somewhat 
sensitizes  AN  to  initiation.  Molten  AN  is 
much  more  sensitive  than  the  solid  material 
and  can  be  detonated  with  practically  no 
confinement 

Sensitivity  to  Initiation  by  Heat.  There  is  no 
agreement  among  various  investigators  as 
to  what  is  the  minimum  temp  at  which  AN 
under  confinement  explodes  or  detonates.  It 
is  safe  to  assume  that  this  is  above  260° 
and  more  probably  nearer  300°.  However, 
some  investigators  reported  that  pure  AN 
can  be  initiated  if  heated  above  its  mp 
(169.9°),  if  confined  and  under  pressure  of 
2500  psi  or  more  (Refs  21,106  & 122a).  It  is 
very  probable  that  explosion  starts,  not  in- 
side the  molten  mass  itself,  but  because  the 
gases  of  decompn  form  an  expl  mixture  which 
explodes  (or  deton)  first  and  initiates  the 
deton  of  the  undecd,  molten  AN 

It  should  be  noted  that  heating  pure  un- 
confined AN  never  produces  an  explosion 
or  deton,  but  only  a more  or  less  rapid  de- 
compn accompanied  by  a flash  and  a hissing 


sound  (Refs  17,  75  & 86).  For  instance,  if  a 
cryst  or  a piece  of  cast  AN  is  thrown  upon  a 
hot  plate  at  a temp  of  about  500°,  the  material 
immediately  catches  fire  and  burns  rapidly 
with  a yellowish  flame  and  a crackling  or 
hissing  sound,  but  leaves  no  residue.  If  a 
large  piece  of  cast  AN  is  thrown  upon  a red- 
hot  plate,  the  decompn  proceeds  so  rapidly 
and  with  so  much  noise  that  it  resembles  an 
explosion.  This  phenomenon  apparently  ex- 
plains why  some  earlier  investigators  be- 
lieved that  AN  could  be  exploded  by  heating, 
even  if  unconfined  (Ref  18) 

In  experimental  work  conducted  at  the  Bur 
of  Mines  after  the  Texas  City  disaster,  it 
was  shown  that  pure  AN  can  be  initiated  when 
heated  between  277  and  334°,  FGAN  at  114 
to  350°  and  a mixture  of  FGAN  and  bag  paper 
at  134  to  153°i when  under  confinement 

The  sensitivity  of  AN  to  initiation  by  heat 
may  be  increased  or  decreased  by  the  pres- 
ence of  certain  inorganic  impurities.  For 
instance,  small  amts  of  Cu  increase  sensitivity 
to  heat  because  of  the  formation  of  a small 
amt  of  copper  nitrite,  which  causes  instabil- 
ity (Ref  90).  The  formation  of  Cu  nitrite  also 
was  reported  in  Mellor,  v 7 (Ref  16).  Mellor 
also  reports  that  the  presence  of  Fe,  Al  or 
especially  Zn  in  powdered  form  lowers  the 
temperature  required  for  the  decompn  of  AN. 
Kast  (Ref  31)  reported  that  the  presence  of 
KMnO«  in  powdered  form  may  cause  the  spon- 
taneous heating  of  AN.  Investigations  con- 
ducted at  Pic  Arsn  showed  that  different  Cr 
compds  such  as  the  oxide  and  nitrate  cata- 
lyze the  decompn  of  AN,  and  in  some  cases 
explosions  occurred  at  temps  as  low  as  200°. 
Among  the  inorganic  substances  which  lessen 
the  sensitivity  of  AN  to  heat  are  clay,  kiesel- 
guhr,  powdered  limestone  etc.  The  same  ef- 
fect was  expected  of  Amm  sulfate  until  the 
disaster  at  Oppau  in  1921  (Refs  15a  & 15b) 
rendered  the  safety  of  such  a mixt  uncertain. 
Amm  sulfate  had  been  used  for  many  years  as 
a desensitizer  for  AN  in  fertilizers  and  it 
was  considered  that  such  mixts  could  not  be 
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exploded  or  detoad.  This  was  disproved  ac- 
cording to  Scott  and  Grant  (Ref  90)  by  Kast, 
who  claimed  that  under  certain  conditions 
mixtures  containing  less  than  40%  of  Amm  sul- 
fate may  react  exothermically  according  to 

fhp  lAn*  A MH  MO  -4-  9 . "1  SO  — * 

-I--——  * 4 j - \ 4S2 4 

16  HaO  (gas)  + 2 S04  (gas)  + 6 N2  (gas)  + 
145.2  kcal 

The  sensitivity  of  AN  to  heat  is  always 
increased  by  the  presence  of. organic  com- 
pounds, provided  that  the  proportions  of  these 
do  not  exceed  certain  limits.  Among  the  sub- 
stances investigated  are  cellulose,  paper, 
pulverized  carbon,  soot,  sawdust,  waxes, 
paraffin,  TNT,  NS,  DNT  and  drip  oil.  For 
instance,  the  presence  of  5%  NS  in  AN  in- 
creased the  sensitivity  to  such  an  extent 
that  the  mixture  detoad  when  heated  to  about 
150°.  The  presence  of  paper  bags  such  as  the 
containers  for  FGAN  was  a contributing 
factor  to  the  Texas  City  disaster  in  1947. 

In  connection  with  this  disaster,  tests  con- 
ducted at  Pic  Arsn  and  Aberdeen  PG  showed 
that  transformation  of  the  combustion  of  a 
mixture  of  FGAN  and  bagging  paper  into 
detonation  required  the  building  up  of  a gas 
pressure  greater  than  a certain  critical  value. 
This  was  calcd  to  be  about  100  psi  (abs)  or 
perhaps  less 


Sensitivity  and  Stability  of  Molten  AN,  (See 
also  Decomposition  Reactions  ).Klevke  re- 
ported practically  no  decompn  of  AN  during 
evapn  of  its  solns  at  atmospheric  or  reduced 
pressures  (Ref  53).  Klevke  also  claimed  to 
obtain  the  undecomposed  AN  in  the  gas  phase 
(Ref  59).  Tram  and  Velde  (Ref  49)  found  that 
when  AN  (either  neutral,  slightly  acidic  or 
alkaline)  was  left  standing  in  a molten  con- 
dition at  173°, it  underwent  only  slow  decompn 
provided  that  no  chlorine  was.  present  as  an 
impurity.  Samples  of  AN  containing  nitric 
acid  and  a small  amount  of  chloride  decom- 
posed spontaneously  at  temps  as  low  as  140° 


Shah  and  Oza  (Ref  42)  studied  the  decompn 
of  AN  when  heated  and  reported  that  dissocn  be 


. c J - J < 1 QO°> 
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evolved  while  HNO}  accumulated  in  the 
residue.  On  heating  to  higher  temps,  other 
products  of  decompn,  such  as  N2,  N20  and 
HaO  were  also  formed.  The  decompn  of  AN 
was  slow  at  240°,  but  became  rapid  at  290°. 
Between  these  temps.  N.  0 and  H.O  were 
the  main  decompn  products  and  the  amt  of 
N2  0 formed  was  directly  proportional  to 
the  pressure.  Gas  phase  explosions  occurred 
at  some  point  near  300° 

Kretzschmar  (Ref  48)  also  studied  the 
thermal  decompn  of  AN  and  reported  that 
decompn  began  at  170°  and  became  quite 
appreciable  at  220°.  During  this  time  N20, 
H20  and  Nj  were  evolved.  At  a higher  temp 
(250°),  a little  oxygen  was  also  evolved.  In 
no  case  were  other  nitrogen  oxides  formed 

The  explosiveness  of  molten  AN  was 
studied  also  by  Kaiser  (Ref  52)  who  reported 
the  following: 

A small  sample  of  AN  in  an  evacuated  tube 
was  heated  gradually  to  desired  temps,  and 
samples  of  the  gas  produced  by  decompn  were 
pumped  out,  measured  and  tested.  Decompn 
proceeded  very  quietly  at  temps  below  200° , 
and  only  a small  amt  of  gas  was  formed  even 
on  heating  for  several  hours.  The  reaction 
proceeded  more  vigorously  at  higher  temps 
and  became  rather  violent  at  ca  260°.  Be- 
tween 260  and  269 0 a gray  smoke  was  pro- 
duced and,  after  a time,  an  explosion  took 
place.  This  also  occurred  after  heating 
above  250°  for  10  hours,  at  which  time  more 
than  93.4%  of  the  nitrate  had  decomposed. 

The  main  reaction  of  decompn  of  AN  heated 
in  an  evacuated  tube  was:  4 NHJNO,  -» 

2 NHj  + 3 NOj  + NO  + Na  + 5 H2  O,  but  there 
were  also  found  present  anall  amts  of  Na  0 
and  HNO.  in  the  gaseous  products  of  decompn. 
Some  of  the  above  products  of  decompn  (am- 
monia and  nitrogen  oxides)  interacted  with 
the  evoln  of  heat.  This  heat  might  raise  the 
temp  of  the  gases  above  the  molten  AN  to 
such  an  extent  that  they  could  explode  and 
cause  the  explosn  of  the  molten  AN  in  the 
tube.  In  order  to  avoid  the  danger  of  expin 
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it  is  necessary  to  remove  the  gases  produced 
by  decompn  as  rapidly  as  they  are  formed. 
There  is  a possibility  that  some  substances 
present  in  impure  AN  act  as  catalysts  and 
accelerate  the  reactions  of  decompn 

Sensitivity  to  Initiation  by  Influence  (Sensi- 
tivity to  Sympathetic  Detonation)  . Accord- 
ing to  Abinder  and  some  other  Russian  in- 
vestigators (Ref  60),  cartridges  or  shells 
loaded  with  AN  or  explosives  contg  large 
amts  of  AN  transmit  deton  by  influence  to 
other  cartridges  or  shells  provided  they  are 
laid  side-by-side,  even  with  a small  air 
space  between  them;  but  detonation  usually 


is  not  transmitted  if  the  cartridges  or  shells 
are  laid  end-to-end.  The  presence  of  1%  or 
less  or  moisture  does  not  affect  the  sensi- 
tivity of  AN  to  initiation  by  influence,  but 
the  presence  of  more  than  2.5%  moisture 
renders  AN  insensitive  to  initiation.  The 
presence  of  small  amounts  of  organic  sub- 
stances or  of  inorganic  reducing  materials 
such  as  Fe  increases  the  sensitivity  of  AN. 
Less  than  0.1%  of  paraffin  has  practically  no 
effect  on  the  properties  of  AN 

Shock  Wave  Velocity . See  under  Rate  of 
Detonation  (last  paragraph) 


Solubility  of  AN  in  Various  Solvents 
[Taken  from  Land-Born$t  (Ref  22);  ICT  (Ref  35);  Seidell  (Ref  69a); 
Kirk  & Othmer  (Ref  84);  PATR] 


T emp, 
°C 

g/100  g 
soln 

g/100  g 
woter 

-20 

40.0 

66.7 

-10 

48.4 

93.8 

0 

54.2 

118 

10 

60.0 

150 

20 

65.2 

187 

Sol 

ubility  in 

Woter 

Temp, 

°C 

g/100  g 
soln 

g/100  g 
woter 

30 

69.9 

232 

40 

74.8 

297 

50 

77.6 

346 

60 

80.4 

410 

70 

83.3 

499 

emp, 

°C 

g/100  g 
soln 

g/100  g 
woter 

80 

85.2 

576 

90 

88.1 

740 

100 

89.4 

843 

140 

97.4 

- 

160 

99.2 

_ 

More  data  are  given  in  Ref  69a,  v 1,  pp  1 105—6  and  Suppl,  pp  385—7 

Solubility  in  Aqueous  Nitric  Acid 


See  Ref  69a,  vol  1,  p 1107 

A - Grams  of  HNO.  per  100  g of  so  In  saturated  with  AN 


B - Grams  of  AN  per  100  g of  satd  soln 

At  0° 


A 

0.0 

9.2 

21.0 

27.0 

B 

54.3 

43.5 

34.5 

31.9 

At 

A 

0.0 

9.0 

21.7 

27.1 

B 

62.4 

52.0 

42.2 

40.9 

33.2 

39.1 

41.4 

45.8 

47.4 

31.0 

33.2 

34.0 

39.5 

48.2 

36.7 

39.0 

44.0 

45.0 

39.9 

40.8 

46.8 

52.5 

A330 


Solubility  in  Aqueous  Nitric  Acid  (continued) 


■ At  30° 


A 

B 


0.0 

8.6 

20.8 

26.4 

37.5 

40.1 

42.2 

70.2 

60.9 

51.5 

• 

00 

48.6 

51.0 

55.6 

At  75° 

0.0 

12.8 

16.0 

26.3 

31.6 

84.1 

1 ■ ■ 

73.7  . 

71.8 

67.5 

66,8 

Solubility  in  Pyridine  (Ref  128) 

20  to  25  g in  100  g of  satd  soln  at  25° 


Solubility  in  Acetone  , 

Slightly  soluble  (Ref  84,  v 1,  p 818) 


Solubility  in  Aqueous  Solutions  of  Ammonium  Sulfate,  Ammonium  Acid  Sulfate, 


Sodium  Chloridi 

e,  Sodium  Nitrate, 

Lead  Nitrate,  Uranyl 

Nitrate 

and  Ammonium 

Thiocyanate 

Ref  6la, 

Seidell,  v 1,  pp  1108 

-1112  (1940) 

Solubility  in  Acetic  Acid  * 

T omp. 

T em  p, 

T emp, 

°C 

Solubility 

°c 

Solubility 

°C 

Solubility 

6 

0.16 

63.5 

1.89 

110,6 

31.25 

17.7 

0.28 

72.8 

3.45 

120.0 

55.5 

21.4 

0.33 

80.9 

5.51 

131.4 

75.0 

27.0 

0.39 

85.7 

7.26 

149.7 

86.3 

33.6 

0.51 

97.1 

13.68 

167.5 

100.0 

45.8 

0.88 

101.0 

17.15 

* 

Gram 

moles  of  AN  per  100 

g mols  of  satd  so 

In  (Ref  46) 

Note:  According  to  Eichelberger  (JACS  56,  801  (1934),  one  liter  of  a satd  soln  of  AN  in  pure 
acetic  acid  contains  3-5  g of  AN  at  16.46° 


Solubility  in  Ammonia  (Ref  61a,  vl,  p 1108) 


Temo 

, °c 

-60 

-30 

-10.5 

0 

33.3 

35.9 

68.8 

94.0 

190.8 

g an 

1.39 

0.83 

0.97 

0.76 

0.94 

0.77 

4,26 

0.64 

0.76 

g nh. 

1 

4.43 

0.37 

0.35 

0.26 

0.24 

0.19 

0.77 

0.07 

0.06 

So 

lubility  in 

Aqueous 

Ammon  i 

a at  25° 

(Ref 

69o,  v 1, 

P 1108) 

9 

h20 

per 

g AN  per 

9 

Hj  0 pe  r 

g AN  per 

100  g 

Hao 

+ NH, 

100 

g Hj  0 + NH3 

100  g 

h2o  + nh3 

100  g H20 

+ nh3 

0 

390 

21.8 

316.8 

2.80 

381 

47.5 

247.0 

4.82 

372.8 

68.0 

220.0 

10.1 

354.7 

100 

214.0 

15.9  337.4 
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(Ref  69a,  v l , p 1115) 


T em  p, 

g AN  per 

T emp. 

g AN  per 

°c 

100  cc  NH3 

°C 

100  ec  NH, 

-50.6 

70.1 

—40.8 

75.1 

-46.5 

72.6 

-36.6 

77.0 

-45.0 

73.4 

-34.0 

77.9 

—44.0 

73.5 

25 

235.56 

Note:  According  to  Ref  84,  v 1, 

p 818,  the  solas  of  AN  in 

liquid  NHj  are  called  "Diver’ 

s 

Liquids’’.  The  amount 

of  NH,  tak 

en  up  by  100 

g AN  is  42.5  g at  —10°  and  31 

.5  g at  18°, 

forming  liquids  containing  30%  and  24%  respectively  of  Nil, 

Solubility 

in  Absolute 

and  Aqueous 

Ethanol 

(Ref  69a,  v 

1,  P 1112) 

% Ethanol 

g AN  per  100  g solvent 

by  Weight  °C 

100 

86.77 

76.12 

51.65 

25.81 

0 

20 

2.5 

11 

23 

70 

140 

195 

30 

4 

14 

32 

90 

165 

230 

40 

5 

18 

43 

115 

196 

277 

50 

6 

24 

55 

144 

244 

365 

60 

7.5 

30 

70 

183 

320 

- 

70 

9 

41 

93 

230 

- 

— 

80 

10.5 

56 

•- 

- 

- 

Note:  Kirk  and  Othmer  (Re f 84, 

p 818)  give  the  amt  of  AN  dissolved  in 

100 

g of  abs  ethanol 

n°  O ~ A 1 f\ 

*+  u J ■ SJ  ^ “UU  i VJ  « 

1 „ a*  on° 
a 6 » 

* i a 

ai  ^ £4  ▼ V-  U 

: - D - C /Lr\-  C 

up  pi 

1 ^ u rtA 

if  F jy\i 

SclubUity 

in  Ak  CO  Into 

nnij  A nijAAiife 

M a!  k on  0 ( 

• 

(Ref  6.9a, 

, P 1112) 

Grams  per  100  g of  satd  soln 

I I r\  n 

llj  V \J 

y 

i n 

X \J 

I 

X J 

20 

25 

29.9 

CH,OH  83.3 

74,8 

63.8 

50.7 

35.2 

19.8 

0 ' 

AN  16.7 

21.3 

27.1 

35 

46.3 

59 

70.1 

Note  1:  Kirk  & Othmer  (Ref  84,  p 818)  give  the  amor  of  AN  dissolved  in  100  g of  abs  methanol 
as  20  g at  30°  and  39.6  at  60°;  Note  2:  Schiff  & Monsacchi,  ZPhysChemi  21,  277  (1896),  give  the 
soly  of  AN  in  100  g of  abs  methanol  as  14.6  g at  14^,  16.3  g at  18.5°  and  17.1  g at  20.5 


Solubility  in  95%  Isopropanol 
(Ref  69a,  Suppl,  pp  391  — 2) 

Temp,  °C  30  ,40  50  60  70  75 

g/100  g soln  3.23  3.81  4.50  5.45  6.37  6.89 
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Solubility  in  E th  anol-Methonol-Wcter  Mixtures  at  30°  (Ref  69a,  v 1,  p 1112) 
(Various  proportions  of  water  were  added  to  a mixt  of  51.7%  methanol  and 

48.3%  ethanol  by  wt) 


Grams  per  100  g of  satd  soln 


Water 

3.4 

5 

10 

15 

20 

25 

29.9 

Alcohol  (mixt) 

84.9 

82.9 

74.6 

63-5 

48.2 

22.4 

0 

AN 

11.7 

12.3 

16.4 

24 

35.1 

54 

70.1 

Solubility  in  Ethyl  Acetate  at  19°  — 0.050  g per  100  g of  solvent  (Ref  22) 
Solubility  in  Furfural  at  25°  — 0.4  g per  100  g of  soln  (Ref  69s,  Suppl,  p 392) 


Solubility  in  Carbon  Tetrachloride  and  in  Chloroform  at  20°  — Insoluble  (Ref  22) 


Solubility  in  Various  Organic  Compounds 
Determined  in  Russia.  Khaishbashev  et  al 
(Ref  79)  investigated  about  200  organic 
compds  and  came  to  the  following  conclu- 
sions: a)  AN  is  miscible  in  all  proportions 

with  compds  contg  OH  or  NH  groups  pro-' 
vided  that  the  mol  wt  is  not  too  high;  b) 

Total  or  partial  insolubility  is  observed  with 
hydrocarbons  and  with  the  compds  contg  N02 
or  halogen  groups.  For  instance,  AN  is  misci- 
ble in  all  proportions  with  mannitol,  resorci- 
nol, urea  and  acetamide,  while  with  p-pheny- 
lenediamine  it  forms  a mol  corapd  in  the  ratio 
of  3 parts  AN  to  1 p of  the  diamine.  In  the 
liquid  state  AN  is  partially  miscible  with  m- 
phenylenediamine,  PA,  TNT  and  cholesterol. 
Eutectic  mixts  are  formed  with  many  of  the 
organic  compds  investigated  by  K 

Specific  Gas  Energy . Gmelins  Handbuch 
(Ref  56)  gives  5575  kg/1  for  complete  deton 
and  3840  kg/l  for  partial  deton 

Specific  Gas  Volume . See  Gas  Volume  De- 
veloped on  Decomposition  or  Detonation 

Specific  Heat . Bellati  in  1886  (Ref  3),  Behn 

in  1908  (Ref  7)  and  Crenshaw  and  Ditter  in 
1932  (Ref  43)  detnd  sp  heat  values.  The  fol- 
lowing values,  in  calories  per  gram  per  °C, 
represent  average  rounded  figures  taken  from 
all  three  sources: 


Temp,  °C 

Specific  Heats 
-200  -150 

-100 

Sp  ht 

0.07 

0.19 

0.30 

Temp,  °C 

-80 

-50 

0 

Sp  ht 

0.35 

0.37 

0.40 

Temp,  °C 
Sp  ht 

50 

0.414 

100 

0.428 

Kirk  and  Othmer  (Ref  84,  1,  p 819)  give  the 
sp  ht  for  temps  from  0°  to  31°  as  0.407. 

Mellor  (Ref  16)  gives  the  following  values 
for  sp  ht  at  atm  pressures:  Form  II  0.426, 

Form  III  0.355  and  Form  IV  0.407.  The  value 
for  Form  V at  temps  —190  to  20°  is  given  as 
0.423  ± 0.00143  cal/g 

Ref  122a,  p 120  gives  the  sp  heat  of  AN 
as  0.397  cal/g  at  0°  and  0.428  cal/g  at 
100°  (For  additional  information  on  sp  ht 
values  at  low  temps,  see  Refs  22  and  35) 

Landolt  & Bornscein,  3 Erg,  3 Teil,  p 227 6 
gives  sp  heat  0.508  at  0° 

Specific  Volume.  See  Gas  Developed  on  Decom- 
position and  Detonation 

Spontaneous  Ignition,  Self -Ignition,  Heat  of 
Spontaneous  Combustion.  As  far  as  is  known, 
there  is  no  recorded  instaace  of  the  spontane- 
ous heating  of  pure  AN,  but  there  have  been 
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several  fires  in  which  it  was  reported  that 
impure  AN  underwent  self-ignition.  Labora- 
tory tests  have  shown  that  self-ignition  may 
take  place  when  organic  substances  or  easily 
oxidizable  metals  (such  as  Zn),  plus  some 
moisture,  are  present.  The  chance  of  self- 
ignition is  greater  if  some  free  nitric  acid 
is  present  or  if  the  material  is  stored  or 
transported  at  high  temps.  On  the  other  hand, 
the  presence  of  small  quantities  (0.5-1. 0%) 
of  organic  materials,  such  as  paraffin,  wax 
or  petrolatum  (generally  used  for  coating 
purposes)  did  not  cause  any  spontaneous 
combustion  at  temps  as  high  as  60°.  How- 
ever, if  there  is  a fire  somewhere  in  the 
neighborhood  of  AN  or  FGAN,  which  is  in 
Contact  with  some  org  material  (such  as 
sawdust),  self-ignition  may  take  place  if  the 
temp  of  material  becomes  sufficiently  high 
(say  150°).  Under  these  circumstances  FGAN 
requires  about  50  minutes  for  self-ignition 

Stability . See  TKermal  Stability 

Temperature  Developed  on  Decomposition. 
Temps  ranging  from  800  to  1230°  are  reported, 
depending  on  how  die  reaction  proceeds 
(Ref  56). 

Temperature  Developed  on  Detonation , For 
the  reaction  of  complete  deton  to  yield  nitro- 
gen, water  and  oxygen,  the  temp  developed 
has  been  estimd  to  be  1500°..  Macy  et  al 
(Ref  88)  gave  2120°  as  the  temp  calcd  from 
the  data  of  Brunswig,  Berthelot,  Colver  and 
Marshall 

Thermal  Conductivity . Golubev  and  Lavrent'. 
eva  (Ref  65)  gave  a value  of  0.205  kcal/meter/ 
hr/°C,  which  is  equivalent  to  0.1375  Btu/ft/ 
hr/°F 

Thermal  Expansion.  Cubical  coefficient  of 


expansion  (y)  (Ref  56): 
°C  -60  -20 

0 

18 

y x 10* 

677 

852 

920 

978 

°C 

y x 104 

20 

982 

60 

1069 

100 

1113 

Thermal  Stability.  In  general,  pure  AN  may 
be  considered  stable  up  to  its  mp  (169.9°)* 
Reports  of  early  investigators,  such  as 
Berthelot  (Refs  1 & 8),  that  the  salt  begins 
to  decompose  at  temps  as  low  as  100°, 
were  apparently  correct  because  the  sub- 
stance was  not  pure.  In  the  days  when 
nitric  acid  (used  for  the  manuf  of  AN)  was 
prepd  from  Chile  saltpeter,  some  nitrites 
and  chlorides,  as  well  as  other  impurities, 
remained  in  the  AN,  and  it  was  apparently 
due  to  them  that  the  stability  of  the  product 
was  not  satisfactory.  Tram  & Velde  (Ref  49) 
found  that  as  little  as  0.1%  of  Amm  or  Na 
chloride  increases  greatly  the  probability  of 
decompn  of  AN,  while  1—2%  of  such  impuri- 
ties are  definitely  the  cause  of  increase  of 
decompn  of  molten  AN 

In  summarizing  the  present  stability  data 
on  AN,  prepd  from  synthetic  ammonia  and 
ammonia  oxidation  nitric  acid,  it  may  be  said 
that  up  to  temp  of  its  mp,  AN  is  fairly  stable. 
At  slightly  above  it  s mp  (say  ca  170°),  slow 
decompn  begins,  but  this  is  hardly  perceptible 
until  temps  200—210°  are  reached.  From  this 
point  on  the  decompn,  accompanied  by  evolx) 
of  gas,  is  fairly  rapid  and,  if  the  substance 
is  confined,  explosion  may  take  place  above 
260°  (See  Refs  91,  92  and  124  for  more  in- 
formation on  the  thermal  decompn  of  AN) 

Following  are  the  results  of  some  tests 
conducted  for  the  US  Govt  (after  Texas  City 
disaster)  in  order  to  determine  the, safety 
factors  of  AN:  a)  100°  Heat  Test  0.74% 
loss  in  wt  in  the  first  48  hrs,  0.13%  loss  in 
the  2nd  48  hrs  and  no  explosion  in  100  hrs 

b)  120°  Vacuum  Stability  Test:  0.1— 1.0  cc 

gas  evolved  from  5 g of  pure  AN  in  40  hrs 
and  1.2  cc  gas  from  AN  coated  with  1%  wax 

c)  150°  Vacuum  Stability  Test;  0,3  cc  gas 
from  5 g pure  AN  in  40  hrs  and  3.2  cc  gas 
from  FGAN  d)  Storage  at  80°  N content 

of  pure  AN  decreased  in  2 weeks  from  33.3% 


A334 


to  32.9%,  but  that  of  AN  coated  within  wax 
decreased  in' N 'content  only  from  32,7  to  32.6% 
Note:  According  to  Ref  122a,  p 123, 

4AW  ic  3,  wAry  $mKIp  material  cvcfi  at  150° 
as  indicated  by  the  Vacuum  Stability  Test 
at  that  temp.  It  can  be  heated  at  100°  for 
100  days  without  appreciable  decompn.  This 
does  not  appear  to  begin  until  the  compd 
meits.  At  220°  there  are  formed  nitrous  ox- 
ide, water  and  nitrogen,  and  this  reaction  is 
used  for  the  snaouf  of  nitrous  oxide.  If  an 
organic  material  such  as  cellulose  is  pres- 
ent, decompn  of  the  mixt  begins  at  100°  and 
is  pronounced  at  120°.  Admixture  with  TNT 
has  little,  if  any,  effect  on  the  stability  of 
AN  at  temps  lower  than  120° 

Toxicity.  Not  toxic  (Ref  122a,  p 123) 


Trauzl  Block  Test  Value.  See  under  Power 


Uses.  AN  is  one  of  the  most  widely  used 
components  of  explosives.  The  most  import- 
ant explosives  contg  high  percentages  of 
AN  include  amatols,  ammonals,  ammonites, 
dynamites,  dynammons,  Favier  type  explo- 


sives, grisounites,  grisoutines,  schneider- 
ites  etc.  In  addition,  AN  and  mixts  contain- 
ing it  have  been  used  extensively  as  fertili- 
zers 


s of 

AN,  see  ' 'Ammonium  Nitrate  Explosives  and 
Propellants":  and  also  "Ammonium  Nitrate 
Fertilizer" 

Note:  According  to  Ref  128,  AN  has  been 
used  as  an  ingredient  of  mixtures  for 
large  bombs 


Vacuum  Stability  Test  Values.  See  under 
Thermal  Stability 


Vapor  Pressure.  See  Dissociation  Pressure 
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Volume  of  Gases  of  Explosion.  See  Gas  Vol- 
ume Developed  on  Decomposition  or  Detona- 
tion 


Water  Resistance  and  Prevention  of  Caking. 
AN  and  its  expl  mixts  are  hygroscopic  and 


absorb  moisture  unless  this  tendency  is 
prevented  by  coating  the  AN  particles  with 
a water-repellent  agent.  Gershtein  (Ref  47) 
c the  «iy ^ro s copici v &r»cl  Cukiu^  £ssici“ 
ency  of  AN  and  its  admixt  with  Amm  sulfate. 
He  reported  that  a moisture  content  in  AN 
varying  between  0,5  and  30— 40%  showed  no 
difference  in  the  absorption  of  water.  Thick 
layers  of  nitrate  absorbed  but  little  moisture 
and  if  the  nitrate  was  covered  with  a thin 
layer  of  sand,  the  absorption  of  moisture 
was  reduced  still  further.  The  size  of  the 
lumps  of  nitrate  was  almost  without  effect. 
At  32°  AN  changes  from  one  modification  to 
another.  Dry  AN  does  not  cake  at  this  point, 
but  if  more  chan  0,1%  of  moisture  is  present, 


severe  caking  accompanies  the  transition.- 
Drying  the  moist  salt  results  in  caking.  Al- 
though methods  of  mixing  and  small  varia- 
tions in  the  relative  amts  of  AN  and  Amm  sul- 
fate in  a mixt  of  these  compds  did  not  af- 
fect their  absorption  of  moisture,  increase 


the  caking  tendency.  If  a double  salt  was 
formed,  the  mixture  caked  about  as  much  as 
AN  alone,  but  when  these  were  mechanical 
mixtures,  the  caking  was  less 


Snelling  (Ref  14)  suggested  that  the  water- 
proofing of  AN  may  be  accomplished  by  allow- 
ing the  crystals  to  fall  through  an  atmosphere 
of  nitron aphthalene  vapor  in  such  a manner 
that  a water  resistant  coating  is  deposited. 
More  recently  Davidson  and  Rigby  (Ref  97) 

/‘rt-afinn  A \T  /ws******  nr<vU  a ^«**^*T1 
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amount  of  methylcellulose.  Other  coating 
materials  such  as  clay,  chalk,  silica,  alumina 
etc  were  used  by  Whetstone  (Ref  103),  but 
the  best  results  were  obtained  by  spraying 
AN  crystals  with  "acid  magenta".  Goodaie 
(Ref  107)  found  that  coating  of  AN  with  0.1— 


5.0%  of  2, 2-dinitro propane  combined  with 
about  5—30%  of  a nonvolatile  liquid  rendered 
the  AN  less  hygroscopic  and  less  water- 
soluble.  Le  Roux  (Ref  108)  noted  improvement 
in  resistance  to  water  of  explosives  contain- 

ANT  £ -11  ££Z^ 

mg  /I-li  wi/aicu  WiUl  (.Ictii^IUliilCl  pdldUlll, 

naphthalene  acids,  Al  or  Ca  naphthenate, 
rosin,  natural  resins,  Ca  resinate,  abietic  acid, 
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beeswax,  polyvinyl  acetate  dissolved  in  liq 
DNT,  silicone  grease  dissolved  in  trichlo- 
roethylene, MNT,  tetrachloronaphthalene, 
starches,  Na  or  A1  alginate,  kaolin  or  Al 
stearate  (See  also  Explosifs  N) 

According  to  Lytle  (Ref  111),  the  water 
resistance  of  AN  used  in  explosive  compo- 
sitions may  be  improved  by  the  addition  of 
a solid  hydrophilic  urea-HCHO-type  reaction 
product  such  as  Uformite,  Cascamite,  Melmac 
and  other  resinous  products  such  as  glues 
and  adhesives.  Taylor  (Ref  112)  obtained 
water-resisting  explosives  containing  AN 
coated  with  0.4—15%  of  a gel-producing 
mannogalactan  such  as  guar  flour,  locust- 
bean  gum  or  carob-bean  gum.  Improved  re- 
sistance to  water  damage  of  coal-blasting 
explosives  was  achieved  by  Davidson  and 
Rigby  (Ref  116),  who  incorporated  at  the 
time  of  manuf  a small  amt  of  a water-swella- 
ble  and  water-soluble  ether  of  a polysaccha- 
ride such  as  methylcellulose.  Nylander 
(Ref  121),  in  order  to  prevent  formation  of 
hard  lumps  on  storage,  treated  AN  with  0,01  — 
5%  of  Na  polymetaphosphate.  For  example, 
an  aqueous  soln  satd  at  160°  with  AN  was 


Note:  The  following  information  is  included 
in  Addnl  Refs  (See  p340):The  Hercules 
Powder  Co  patented  a method  of  coating  AN 
with  nitrates  of  metals  such  as  Cu,Pb,Zn, 
Cd,Ni  or  Fe  to  increase  its  sensitivity  to 
detonation  (Addnl  Ref  A).  Lindsey  proposed 
sensitizing  AN  by  coating  it  with  such  mate- 
erials  as  finely  divided  AI(Addnl  Ref  D). 
McGill  examined,  during  WW  II,  the  thermal 
stability  of  AN’s  melting  betw  163  & 169°  and 
found  that  at  100°  and  135°  the  materials  did 
not  become  acid  and  did  not  expl  in  300  mins 
(Addnl  Ref  C)..  The  NatlUurStds  detd  some 
thermodynamic  props  of  AN(Addnl  Ref  D). 
Societe  Technique  de  Recherches  et 
d’ Exploitation  (Addnl  Ref  E)  proposed  to  treat 


granulated  at  70°  until  the  water  content  was 
reduced  to  0.1%  and  during  the  final  stages 
of  the  drying  there  was  added  0,25%  of  Na 
hexametaphosphat  e 

Shneerson  et  al  (Ref  126)  recently  deter- 
mined the  effects  of  cooling,  moisture  con- 
tent, K nitrate  content  and  compression  up 
to  0,2  kg/cm3  on  the  caking  characteristics 
of  AN.  He  concluded  that  caking  occurred  at 
the  transition  of  forms  III  and  IV  into  each 
other  at  32.27°.  Based  on  thermographic  in- 
vestigations of  granulated  AN,  Alekseenko 
and  Boldyrev  (Ref  125)  suggested  rapid 
cooling  and  low  moisture  content  as  effective 
means  for  decreasing  caking.  Enoksson  & 
Enoksson  (Ref  122)  decreased  the  tendency 
to  lump  formation  in  AN  in  incorporating 
0.005  to  5%  of  an  alkyl  sulfate,  alkyl  sul- 
fonate, alkylaryl sulfonate  of  alkyl  phosphate. 
In  the  examples  given,  the  following  com- 
pounds were  added  either  before  or  after 
crystallization  of  AN:  (CgHl7)jNaP04,  iso- 
propylamine  dodecylsulfate,  RCHMeOSOsNa 
where  R is  an  alkyl  group  having  about  12 
carbon  atoms:  CjgHjjOSOjNa, 

C4H9CHEtCa  H4CH(S04Na)CHj  CH(CH,)2 
and  3,4(NaOsS)  (MeCOQHjNHOCC^Hj, 


AN  for  storage  by  coating  its  crysts  with 
diatomaceous  earth  and  to  incorporate  some 
urea.  It  has  been  claimed  that  some  org  im- 
purities in  present  commercial  AN  might  form 
in  storage  formaldehyde,  which  would  react 
with  inorganic  impurities  such  as  NlljOll  and 
HN02.  Urea  is  added  to  destroy  formaldehyde. 
The  NatlResCouncil  gives  compendium  on 
the  hazards  of  transportation,  manuf  etc  (Addnl 
Ref  F).  Nitroglycerin  AB  (Sweden)  proposed 
to  crystallize  AN  from  a soln  contg  a micelle- 
forming substance,  such  as  alkylsulfonic  acid. 
This  is  to  prevent  or  reduce  the  tendency  of 
AN  to  cake  (Addl  Ref  G).  Luft  detd  the  latent 
heat  of  sublimation  of  AN  as  41.8  kcal/mol 
(Addnl  Ref  H) 
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4 99(1939)  & CA  34,4907(1940)(Exptl  studies 
of  the  vel  of  detoh  of  AN  explosives)  67a) A. 
Scettbacher,  Nitrocellulose  10,  109-10,  128- 
30(1939)(Calcn  of  tech  experimental  char- 
acteristics of  oxidation  decompn  of  mixt  of 
AN  and  paraffin  leaving  no  residue)  68)V. 
A.Assonov  & R.D, Rossi,  GornyiZh  1939, No 
7,38-41  & CA  34,8283(1940)(AN  as  an  explos- 
ive in  open  mining)  68a)G.  A. Abinder  & 

K. Andreev, GornyiZh  1939, No  7,42-3(Expln 
of  AN  without  combustible  matter  causes  a 
35%  loss  in  work  effect  obtainable  with  a 
mixt  with  combustible  matter)  69)S.Perer- 
man  & V.Klevke,  ZhKhimProm  17,28-31(1940) 

& Ca  34,4868(1940)(Problems  in  the  produc- 
tion of  AN)  69a)Seideli,  ''Solubilities," 
v 1(1940),  v 2(1940),  Suppl(1952)  70)C.G. 

Dunkle,  PATR  1 145(  1942)(Study  of  mixts  of 
AN  with  TNT)  71)T.L.Davis, "Chemistry 
of  Powder  and  Explosives,"Wiley,NY(1943), 
pp  335-6,348-52  & 367  71a)A.F. Belyaev, 

DoklAkadN  38,178-80(1943)  & CA  37,6132 
(1943)(Vel  of  deton  of  mixts  of  AN  with  3% 
TNT)  72)Kast-Metz,  "Chemische  Unter- 
suchung,"  Vieweg,  Braun  schweig(  1944), pp 
367-71  73)W.M.Cobb,Jr,USP  2,324,363 
(1943)  Si  CA  38,256(1944)(AN  explosives) 
74)W.H.Ross  et  al,  IEC  36,1088-95(1944) 
(Prepn  of  AN  for  fertilizer  use)  75)D.F. 

Smith  et  al,  US  BurMines  Tech  Note  29 
(1944)(Preliminary  tests  on  the  initiation  of 
AN  by  heat)  76)A. Perez  Ara,"Tratado  de 
Explosives, "Cultural, La  Habana,Cuba 
(1945), pp  237-47  76a)R. O.E. Davis, "Ex- 

plosibility  and  Fire  Hazards  of  ANFerti- 
lizer,"US  Dept  of  Agric  Circular  No  719 
(1945)  77)A.F. Belyaev  & Y.B. Khariton, 

DoklAkadN  48,256-8(1945)  & CA  40,4884 
(1946)(Limit  diameter  of  a charge  of  AN) 

78) R.L. Grant  & J.E. Tiffany,  US  BurMines 
Tech  Paper  677(1945)(Detonators,  initiating 
efficiency  by  the  miniature  cartridge  test) 

79) O.K.Khaishbashev,  IzvestAkadN(Class 

of  ChemSci)1945, 587-96  & CA  40,5981(1946) 
(Soly  of  AN  in  organic  solvents)  80)M. Vivas, 
R.Feigenspan  & F.Ladreda,1  'Polvoras  y 
Explosivos  Modemos,MMorata,Madrid,v  2 
(1946), p338  81)A.N. Campbell  & A.J.R. 


Campbell,  CanJRes  24B,  93-108{1946)(Ef- 
fects  of  foreign  substances  on  the  transition 
of  AN  IV  into  AN  III  and  the  reverse  of  this) 

82) W.H.Ross  et  al,  US  DeptAgric  TechBull 
912(1946)(Prepn  of  AN  for  use  in  a fertilizer) 

83) J.O. Hardesty  & R.O-E. Davis,  IEC  38, 

1298-1303(1946)(Spontaneous  development  of 
heat  in  mixed  fertilizers)  84)Kirk  & Othmer, 
"Encyclopedia  of  Chemical  Technology," 
Interscience, NY, v 1(1947), 817- 21  84a)G.M. 

Kintz  et  al,  US  BurMines  RI  4245(1947)(Expln 
of  AN  fertilizer  on  Board  the  SS  Grandcamp 
and  SS  High  Flyer  at  Texas  City  on  Apr  16, 
1947)  85)P.  Miller  & W.C.Saemon,  Chem 

EngrgProgr  43,667-90(1947)(Continuous  vac- 
uum crystallization  of  AN)  86)C. Field, 
ChemEngrg  54,146-7(1947)(The  product  that 
could  not  explode)  ' 86a) J. Whetstone  & A.W. 
Holmes,  IndChem  23,717-23(1947)(Explosion 
and  fire  hazards  of  AN)  87)J.C. Holtz  & 

R.L. Grant,  USBurMines  Expl  Div  Rept 
3040-C,446(1947)(Manuf  of  AN  fertilizer  of 
the  type  that  exploded  at  Texas  City)  88) 
P.F.Macy  et  al,  PATR  I658(l947)(lnvestiga- 
tion  of  sensitivity  of  FGAN  to  explosion) 
89)A.H. Nuckolls,  Underwrit ersLablnc,  Bull 

of  Research  39(1947)(The  comparative  ex- 
plosion hazards  of  AN  coated  with  organic 
matter)  90)G.S. Scott  & R.L.  Grant,  US 
BurMines  Circ  7463(1948)(AN,  its  properties 
and  fire  and  explosion  hazards)  91)A. Robert- 
son, JSCI  67,221-4(1948)  & CA  43,405  (1949) 
(Thermal  decompn  of  AN  and  other  explosives) 

92) L.H.Herquet,"XXI  Congres  de  Chimie 
Industrielle, "Belgium, v 63, No  3bis(1950), 
351-3  92a)WmH.Rinkenbach,Explosibiiicy 
of  AN  Fertilizer, "Lecture  at  Pic Arsn(1948) 
92b)L.H.Eriksen,PATR  l675(1948)(Investi- 
gation  of  Sensitivity  of  FGAN  to  Explosion) 

93) Tennessee  Valley  Authority,  "Soil, 

People  and  Fertilizer  Technology,"US  Govt 
PrintgOff(1949)  93a)P.Varrato,  PATR 
1720(1949)(Investigation  has  shown  that 
FGAN  coated  with  0.4%  wax  is  not  more 
sensitive  to  initiation  than  pure  uncoated 
AN!  Pure  AN.  coated  with  0.4%  wax  is  more 
sensitive  than  pure  uncoated  AN,  but  the 
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most  sensitive  was  a sample  coated  with 
0.7%  wax.  When  heated,  all  coated  samples 
underwent  more  rapid  decompn  than  uncoated 
ones)  94)13. Lewis,  US  BurMines  RI  4502 
(l949)(Investigation  of  flammability  and  ex- 
plosibility  of  pure  AN  and  its  mixts  with 
carbonaceous  materials,  phosphorus,  sulfur 
and  certain  metals  such  as  Zn)  95)J*R* 
Partington, "Inorganic  Chemistry,  "Mcmillan, 
London(1950),541  & 710  96)W.R. Davis, 

USP  2,509,812(1950)  & CA  44,9150)(AN 
charges)  97)S.H. Davidson  & C.H. Rigby, 
BritP  645,039(1950)  & CA  45,4043(1951) 

(AN  blasting  explosives)  98)S.Strel’tsoff, 
USP  2,551,569(1951)  & CA  45,8215(1951) 
(Man uf  of  AN)  99)L.  A. Stengel,  USP  2, 
568,901(1951)  & CA  46, 224 7(195 2)(Manuf 
of  AN)  100)W.Lutz,  USP  2,600,25  3(1952) 

& CA  46,83 10(195  2)<Fereilizers  containing 
AN)  101)H.Henkin  & R.McGill,  1EC  44, 
1391-5(1952)(Rates  of  explosive  decompn 
of  mixts  containing  AN)  102)W.C. Seaman 

el  al,  IEC  44, 1912-5(195 2)(Manuf  of  AN  by 
continuous  vacuum  crystallization)  10 3)J - 

Whetstone,  IEC  44,2663-7(1952)(Solution  to 
the  caking  problem  of  AN  and  its  explosives^ 

104) W.H.Shearon  & W/B.Dunwoody,  IEC  45, 
496(1953)(Manuf  and  some  properties  of  AN) 

105) Anon,  ChemEngrg  59,215(1952)(One- 
step  manuf  of  AN)  106)A.Haid  & H.Konen, 
Sprengtechnik,No  10/11,196-8(1952)  & Chem 
Ztg  76,471-5  (195  2);  CA47,4083(I953)(AN 
explosives)  107)C.D.Goodale,  USP  2,615, 
800(1952)  & CA  47, 2487(195 3)(Coated  AN 
explosives)  108)A.LeRoux,  MP  33,265*82 
(1952)(Water-resistant  AN  explosives) 

109) Ullmann,MEnxyklopadie  der  technischen 
Chemie,’ 'Berlin  ,3rd  ed,v3(1953),pp  688-13 

110) L.Medard  & M. Thomas,  MP  35,155,160 

&172(I953)(Heats  of  combustion  and  forma- 
tion of  AN)  111)W.C. Lytle,  USP  2,630, 

3790953)  & CA  47,6658(1953)(lmproving  the 
water-resistance  of  .AN)  1 1 2)W.J .Taylor, 

USP  2,654,666(1953)  & CA  48,3692(1954) 
(Water-resistant  AN  explosives)  112a)G. 
Feick,  JACS  76,5859-60(1954)(Dissociation 
pressure  and  free  energy  of  formation  of 
AN)  113)J. Whetstone,  ActaCryst  7,697 


(1954)  & CA  50, 5 35 8(  19 56)(Ini tiation  of 
transition  between  AN  modifications  III 
& IV)  114)A.S. Hester  et  al,  IEC  46,622- 

32(1954)(Stengel  process  of  AN  manuf) 

1 15)H.G.Felio  & C.O. Brown,  ChemEngrg 
61,190-2(Aug,  1954)(Manuf  of  AN  by  a new 
two-stage  crystallization  process)  ll6)S. 

H. Davidson  & C.H. Rigby,  USP  2,680,068 
(1954)  & CA  48,9694(1954)(AN  blasting  ex- 
plosives) 117)S.I.Krichmar,  ZavodLab21, 
748(1955)  & CA  50,3685(1956)(An  apparatus 
to  decrease  AN  losses  through  waste  waters 
of  manufg  plants)  118)Anon,  ChemEngrg 
62,320-3(July,1955)(Three  commercial  proc- 
esses for  manuf  of  AN  are  compared  with  the 
aid  of  flow  sheets;  these  axe  the  Stengel, 
Prilling  and  Vacuum  Crystallization  proc- 
esses ) 119)M.A.Cook  et  al,  JPhChem  59, 
675-80(1955)  & CA  49, 16436(195 5)(Re action 
rates  of  AN  in  detonation)  120)T.Sakurai, 
JIndExplosiveSoc, Japan  16,90-4(1955)  & CA 
50, 1745 2(  1956)(Propagation  of  shock  waves 
in  air  and  powdery  materials)  121)L.R. 
Nylander,  SwedPat  146,307(1954)  & CA  49, 
2038(1955)(Treatment  of  AN  to  prevent  lump- 
ing) 122)E.C.Enoksson  & B.P.Enoksson, 
SwedPat  146,308(1954)  & CA  49,  2038(1955); 
BritP742,636(I955)(Minimizing  lump  forma- 
tion in  AN)  122a')  Anon, "Military  Explosives,” 
US  Army  TM  9-1910  and  US  Air  Force  TO 
11  A-l-34( April,  1955), US  GovtPrintgOff, Wash- 
ington 25,DC,pp  119-23  123)P. Tavernier, 

MP  38,311  & 330(1956)(Heats  of  combustion 
and  formation  of  AN)  124)T.M.Cawthon, 

Jr,  Princeton  Univ, Princeton, NJ , Univ  Micro- 
films(Ann  Arbor, Mich),  PublNo  13675(108  pp) 
and  Dissertation  Abstr  16,247-8(1956);CA 
50,7593(1956)(Kinetics  and  thermal  decompn 
of  AN,  amine  nitrates  etc)  125)L. Alek- 
seenko & V. Boldyrev,  ZhPriklKhim  29,529* 
35(1956)  & CA  50,  l60Il(1956)(Thermographic 
investigation  of  granulated  AN  contg  inorganic 
additives)  126)A.L.Shneerson  et  al,  ZhPrikl 
Khim  29,682-8(1956)  & CA  50,16011(1956) 
(Caking  characteristics  of  AN)  127)Faith, 
Keyes  & Clark,”lndustrial Chemicals, "Wiley, 
NY(1957),pp  91*5(Manuf  of  AN)  127a)Sax, 

’ 'Dangerous  Properties  of  Industrial  Materials,” 
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ReinhoId,NY(1957),pp  281-3(Fire  and  expln 
hazards  of  AN)  128)W.R. Tomlinson  & O.E. 
Sheffield,  PATR  1740,  Revision  1(1958), pp 
10-4  129)M.A.Cook,  ’’The  Science  of  High 

Explosives,  Reinhold, NY(1958),  pp  10-4  130) 

Wm.H.Rinkenbach;  private  communication(1958) 
I31)j. Taylor,  "Solid  Propellant  and  Exothermic 


Compositions,"  Interscience,  NY(1959), 
75-89  (A  description  of  the  decompn  of  AN 
into  product  gases;  examination  of  the  re- 
actions of  AN  with  Amm  bicarbonate,  Amm 
bichromate  and  Amm  acetate  and  a study 
of  burning  laws  using  a specially  designed 
apparatus) 


Addnl  Refs:  A)Hercules  Powder  Co,  BritP 


Lindsley,  Jr,  USP  2,126,401(1938)  & CA  32, 
7728(1938)  OR.McGill,  OSRD  Rept  830 
(1942)  D)NatlBurStds,  "Selected  Values  of 
Chemical  Thermodynamic  Properties,”  Series 
I,  US  Dept  of  Commerce,  Washington,  DC 
(1947)  E)Societe  Technique  de  Recherches 

J * T7  — 1 ^ ^ nc  *3  a -vw  i c\a  r\\  r->  a 

ti  u i^ApiunauuHj  Air  y jj  f a y-ty/  ot 

45,  7314(1951)  F)Narional  Research  Council, 


"Compendium  on  the  Hazards  of  Water  Trans- 
portation and  the  Manufacture,  Handling, 
Storage  and  Stowage  of  Ammonium  Nitrate 
and  Ammonium  Nitrate  Fertilizers,"  PB 
119969  or  NRC  R 4702(1953)  (255  pp,  dia- 
grams, graphs  & tables)  G)Nitroglycerin 
Aktiebolaget,  BritP  742, 636(19553  H)N.W. 
Luft,  Ind  Chemist  31,  502(1955)  & CA  50, 
5388  (1956) 


Note:  Comments  on  Plant  Processes  for 
manuf  of  AN  (private  communication,  March 
I960)  from  Dr  Ralph  D.  Miller,  Tech  Directot 
Agricultural  Chem  Div,  Spencer  Chemical 
Co,  Kansas  City,  Missouri: 

Under  Continuous  Process  of  Graining . There 
is  no  continuous  graining  carried  on  at  this 
time  and  certainly  none  in  the  United  States 
for  the  preparation  of  fertilizer  materials. 

TUffl  wwx'Z’tr  k /=»  frtr  tht*  nfpnaraftnn 

* »ivi ^ - — i i 

of  dynamite  grade  AN  where  they  can  prepare 
exceedingly  fine  particle  size  material.  Actu- 
ally, all  of  the  large  producers  and  all  of  the 
materials  made  for  fertilizer  are  made  either 
by  the  Stengel  process  or  by  prilling  through 
towers 

For  the  prilling  operation  "high  pans" 
have  been  completely  eliminated  and  the  AN 
solutions  are  evaporated  to  approximately 
95%  in  vacuum  evaporators.  Exit  the  vacuum 
evaporators,  the  material  is  pumped  to  the 
top  of  the  prilling  tower  dependent  upon  the 
size  and  design.  The  height  may  vary  from 
70  feet  to  200  feet.  The  material  is  sprayed 
through  nozzles  or  spray  headers,  and  as  it 
falls,  some  more  of  the  water  is  evaporated. 
This  leaves  spherical  particles  called  prills. 
These  materials  are  dried  further  through 
various  types  of  drying  equipment,  either 
counter  or  co-current  flow  with  hot  air  and 


are  then  parted  with  diatomaceous  earth  or 
kaolin  clay  to  prevent  caking 

There,  is  no  wax  or  paraffin  used  today  in 
modern  FGAN  nor  has  there  been  since  1948 

Under  Continuous  Vacuum  Crystallization. 
This  process  is  not  used  today,  except  for 
a small  quantity  which  is  manufactured  by 
TVA.  Here,  the  liquor  is  concentrated  by 
vacuum  crystallizers,  and  no  "high  pan"  is 
used  to  concentrate  the  liquor  prior  to  en- 
tering the  crystallizer.  All  AN  produced  to- 
day in  the  neutralizers  reaches  about  80%  to 
85%  concentration.  Therefore,  "high  pans" 
are  not  necessary 

Under  Preparation  of  Fertilizer  Grade  Am- 
monium Nitrate.  This  process  has  not  been 
used  for  making  ammonium  nitrate  fertilizer 
since  1948,  as  mentioned  above 

Under  Behavior  Towards  Metals  and  Other 
Substances.  AN  very  definitely  attacks 
shellac,  baked  oils  and  natural  rubber  com- 
pounds if  applied  as  a coating.  The  only  ma- 
terials that  we  know  of  which  can  be  used  as- 
coatings  for  AN  and  AN  solutions  are  certain 
polyvinyl  chloride  coatings  and  a number  of 
epoxy  resins.  The  Ordnance  Department  used 
acid-proof  black  paint,  shellac,  baked  oil 
and  rubber  paints.  AH  were  quite  unsuccess- 
ful over  long  periods  of  time 
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AMMONIUM  NITRATE  BLASTING 
EXPLOSIVES,  HIGH  EXPLOSIVES 
AND  PROPELLANTS 

As  was  mentioned  above  under  the  head- 
ing "Ammonium  Nitrate  Historical",  the  use 
of  AN  in  expls  began  about  1867  when  Norr- 
bin  & Ohlsson  patented  their  expl  called 
"Ammoniakkrut’ ' (Refs  2,3)-  This  expl  con- 
sisted of  AN  in  mixts  with  combustibles 
such  as  charcoal,  sawdust,  naphthalene, 
picric  acid,  NG  or  nitrobenzene,  Nobel  ac- 
quired the  patent  and  soon  introduced  a new 
series  of  AN  expls  called  "extra  dynamites", 
examples  of  .which  were  71/4/2/23— NG/collo- 
dian  cotton/charcoal/AN  and  25/1/12/62- 
NG/coliodion  cotton/charcoal/AN  (Refs  52 
& 94).  AN  has  steadily  increased  in  import- 
ance in  the  expl  industry,  especially  in  the 
"permissible  expls'  ’ used  in  coal  mining. 

One  of  the  principle  advantages  of  AN,  be- 
sides its  low  cost,  is  its  low  temp  of  expin, 
which  makes  it  suitable  for  use  in  gassy  and 
dusty  coal  mines  (Ref  16).  The  hygroscopicity 
of  AN  retarded  to  some  extent  its  use  in  gen- 
eral expl  mixts.  During  WW  I AN  found  ex- 
tensive application  in  military  expls  such  as 
amatol,  ammonal,  sabulite  etc.  These  expls 
are  described  under  their  individula  names. 
Notwithstanding  its  hygroscopicity  and  tend- 
ency to  pack,  AN  was  recommended  in  Russia 
prior  to  WW  II  for  use  as  a military  expl 
(Ref  39) 

AN  Blasting  Explosives  allowed  for  use  in 
American  coal  mines  are  called  1 'permissi- 
bles",  those  in  England  "permitted**,  in 
France  "explosifs  antigrisouteux* ' , in  Bel- 
gium "explosifs  S.G.P.  (securite,  grisou, 
poussiere)’  ’ , and  in  Germany  "schlagwetter- 
sichere  Sprengstoffe*  * (Ref  94).  According 
to  Taylor  and  Rinkenbach  (Ref  14),  one  of 
the  early  "permissibles’  ’ was  the  duPont 
Monobel,  consisting  of  80/10/10— AN /NG/ 
combustible  and  other  ingredients.  Early 
British  "permitted  explosives’ * included 
Ammonite  (88/12— AN/DNN),  Westfalite 
(95/5—AN /resin),  Bellite  (83.5/16.5  and 


93.5/6. 5-AN/DNB)  and  others.  French  safety 
expls  included  "grisounaphthaliteroche’ * 
(91.5/8.5— AN/DNN),  "grisoudynamite*  ’ 
(70/29/  1-AN/NG/colldion  cotton)  and 
"grisoudynamitecouche*  ’ (87.5/12/0.5— AN/ 
NG/CC).  Germany,  Belgium  and  other  coun- 
tries developed  many  similar  high- AN,  non- 
NG  safety  expls  (Ref  94) 

Schmerber  (Ref  5)  examined  mixts  of  or- 
ganic ingredients  with  such  proportions  of 
AN  as  to  give  sufficient  or  excess  oxygen 
for  complete  combustioa.  The  ealed  values 
for  temp  (t)  developed  on  expln  and  also  the 
specific  gas  pressure  (0  were  selected  as 
characteristic  of  these  mixts.  It  was  ob- 
served that  the  (f)  values  for  mixts  contg 
excess  0 were  proportional  to  the  lead  block 
expansion  values  in  cc  (Trauzl  test).  The 
approx  ealed  percentages  of  AN  required  to 
obtai  n maximum  expln  temps  (t)  of  1500° 
and  1900°  (reqd  in  France  for  coal  mining 
expls)  are  given  in  the  table  on  the  followi  ng 
page 

Assonov  and  Rossi  (Ref  40)  compared  the 
Trauzl  block  values  of  Russian  expls  used 
in  open  mining,  such  as  "ammonit  No  2” 
and  "dynamon  K*'  , having  Trauzl  valuesof 
280  and  300  cc  respectively,  and  concluded 
that  it  was  cheaper  to  replace  them  with 
straight  AN,  which  gave  a Trauzl  value  of 
225  cc.  Abinder  and  Andreev  (Ref  41)  dis- 
agreed with  the  conclusion  of  Assonov  and 
Rossi,  and  reported  a loss  of  about  35%  in 
expl  energy  when  AN  is  used  without  com- 
bustibles. Satisfactory  agreement  between 
ealed  and  exptl  values  for  expl  pressure  was 
found  for  mixts  of  AN  with  TNT  and  with  NG 
expls  (Ref  35) 

An  AN  expl,  having  no  special  name  but 
which  could  be  detonated,  consisted  of  granu- 
lated AN  (85  to  97%)  coated  with  a small 
quantity  of  solid,  nonexpl  vulcanized  oil  (for 
example,  the  product  obtained  by  treating 
cottonseed  oil  with  sulfur  chloride)  and  mix- 
ing with  a sensitizing,  detong  subst  such  as 
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Calculated  Values 


(t) 

(0 

°c 

kg  /cm 

2122 

8449 

2107 

8179 

2100 

8497 

2171 

8553 

2174 

8632 

2229 

8650 

2244 

8697 

2298 

8710 

2352 

8833 

2298 

8797 

2507 

8932 

3469 

10084 

2561 

9076 

Appro; 

k % AN  reqd 

to 

obtain  t 

1900° 

1500° 

95.3 

97.9 

94.7 

97.3 

95.4 

97.9 

93.0 

97.0 

92.9 

96.6 

91.2 

95.8 

90.2 

95.3 

90.0 

95.0 

87.0 

93.5 

89.0 

94.0 

83.5 

92.0 

68.0 

84.0 

78.5 

89.0 

% AN  for 
comp  lete 

Organic  ingredient  combustion 

Naphthalene  93.75 

Carbon  93,02 

Toluene  93.99 

Nitron  aphthalene(MNN)  90.86 

Nitrotoluene(MNT)  90,05 

Dinitronaphthalene(DNN)  87.45 

Dinitrotoluene(DNT)  85.11 

Trinitronaphthalene(TNN)  83.39 

Trinitrotoluene(TNT)  78.10 

Trinittoxylene(TNX)  81.75 

Picric  acid(PA)  69.42 

Nitroglycerin  e(NG)  0 

Guncotton(GC)  58.93 


NS  (Refs  11,13).  Snelling  also  patented 
(Ref  17)  ^n  expl  constg  of  AN  intimately 
mixed  with  sensitizers  such  as  TNT,  NS  and 
other  expls.  Wyler  (Ref  18)  patented  a deto- 
natable  expl  constg  of  AN  (76  to  96%)  and 
hexamethylenetetramine.  To  this  there  may 
be  added  one  or  several  of  the  following:  NS, 
NaNO,,  ZnO,  hydrocarbons  etc.  Snelling  and 
Wyler  (Ref  22)  proposed  sensitizing  AN  by  a 
coating  of  1 to  6%  of  one  of  the  following: 
aniline,  toluidine,  naphthylamine,  anthramine, 
diphenyl  amine,  ditolylamine,  phenylenedi- 
amine,  tolylenedi amine,  benzidine,  tolidine, 
phehylhydra2ine,  diphenylhydrazine,  tolylhy- 
drazine,  phenylhydroxyl amine,  azobenzene 
or  azoxybenzene.  Champney  (Ref  25)  used 
crystd  AN  having  a packing  d of  0.5  to 
0.8  g/cc,  as  detd  under  a pressure  of  10  psi, 
mixed  with  various  other  ingredients  such  as 
NG,  NaNO,  and  bagasse  pitch.  McFarland 
(Ref  63)  sensitized  AN  by  the  addition  of  6 
to  8%  NG.  The  presence  of  6%  water  was  con- 
sidered advantageous  in  blasting,  as  it  ap- 
peared to  decrease  the  brisance  without  af- 
fecting the  strength  of  the  expl 

The  popular  duPont  "Nitramon”  blasting 
agents  were  invented  in  1934  by  Kirst  et  al 
(Ref  30).  These  expls  contd  AN  as  the  princi- 
pal ingredient  with  at  least  one  sensitizer. 


such  as  DNT,  paraffin  cr  a mixt  of  fuels.  The 
fineness  and  intimacy  of  contact  of  the  con- 
stituents were  so  controlled  that,  at  a d of 
1.0  g/cc,  the  unconfined  expl  required  a 
detong  impulse  greater  than  that  from  any 
common  detonator.  Kirst  et  al  (Ref  32)  also 
patented  an  expl  of  high  blasting  strength 
and  relatively  high  density  consisting  of  a 
mixt  of  coarse  and  fine  particles  of  AN  and 
a sensitizing  agent  such  as  NG,  DNT,  etc. 
Handforth  and  Johnson  (Ref  33)  developed  a 
blasting  expl  of  relatively  low  d,  composed 
of  AN  having  an  apparent  d less  than  0.8  g/cc 
and  a sensitizer  such  as  NG.  Hauff  and 
Kirst  (Ref  34)  reported  an  expl  suitable  for 
blasting  coal  composed  of  AN  with  a puffed, 
porous  texture  and  an  apparent  d less  than 
0.7  g/cc  plus  a sensitizer  such  as  NG.  The 
porous  texture  of  the  AN  was  obtained  by 
subjecting  the  slightly  moist  salt  to  a special 
treatment  under  vacuum.  During  the  past  sev- 
eral years  a number  of  additional  expls  of  the 
"Nitramon’’  type  have  appeared.  These  in- 
cluded "Nitramon  A'*,  "Nitramex’  ’ , "Vibron- 
ite  B’ ’ and  various  trade  name  "Nitramon 
types’  ’ (Ref  94) 

Many  developments  of  AN  coatings  and  dope 
additives  have  improved  the  resistance  to 
water  and  moisture  of  high-AN,  low-NG  dynamites. 
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The  more  important  coatings  are  the  Ca 
stearate  coating  proposed  by  Baker  (Ref  31) 
and  the  Cairns?  *'PRP’  ’ (petrolatum,  rosin, 
paraffin)  coating  (Ref  47).  Winning  (Ref  51) 
described  the  use  of  pregelatinized  starch 
products  such  as  rye  flour,  cereals,  meals 
and  similar  starch  additives  [See  also  the 
AN/paraffin  expls  by  Stettbacher  (Ref  43)1 
One  problem  in  the  use  of  AN/fuel  mixts 
for  commercial  blasting  has  been  the  diffi- 
culty in  detong  such  expls  and  insuring  the 
propagation  of  deton  in  long  columns  having 
small  diams.  Stoops  (Ref  23)  reported  im- 
proved sensitiveness  of  AN  dynamites  ob- 
tained by  making  use  of  the  water  of  crystn 
of  some  metal  nitrates  and  heat  to  yield  a 
molten  mixture  contg  AN,  which  then  was 
absorbed  by  a suitable  combustible.  Spaeth 
(Ref  24)  described  another  method,  in  which 
AN/urea  mixts  were  heated  to  the  mp  and 
absorbed  by  dynamite  pulps,  Coatings  of 
trimethylolethylmethane  trinitrate  were  also 
used  by  Spaeth  (Ref  27).  Stettbacher  (Ref  20) 
suggested  the  use  of  PETN  and  other  explo- 
sives as  additives,  as  did  Lewis  and 
Johnson  (Ref  26),  for  increasing  the  sensi- 
tivity of  dynamites,  Cairns  (Ref  36)  increased 
the  sensitivity  to  deton  by  coating  crystals 
of  AN  with  a soln  of  inorg  nitrates  such  as 
Ca,  Mg  or  Zn,  and  drying  the  mixts.  Davis 
(Ref  38)  disclosed  an  expl  of  improved  sensi- 
tivity to  deton  and  of  decreased  sensitivity 
to  unintentional  initiation,  which  could  be 
prepd  by  dissolving  AN  in  liq  ammonia  and 
dispersing  in  it  finely  divided  sensitizers 
such  as  Al,  sulfur,  DNT,  NS  etc.  After 
evaporating  the  NH„  a product  remains  in 
which  the  sensitizer  is  distributed  in  a con- 
tinuous phase.  Davis  (Ref  45)  also  developed 
an  expl  of  good  sensitivity  to  initiation  prepd 
by  treating  92  p of  AN  with  a solid  aromatic 
compd  such  as  DNT,  and  a solid  fuel  such  as 
diphenylamine  or  p-toluidine  which  is  soluble 
in  the  nitrocompound.  The  Davis'  ammonia 
process  (Ref  38)  yields  soft  and  pliable  mixts 
that  propagate  deton  reliably  in  regular  dyna- 
mite cartridges  and  even  in  charges  having 
small  diams.  However,  these  AN/fuel  mixts 
were  not  easily  waterproofed  without  exces- 
sive loss  of  sensitiveness  (Ref  94) 


Cook  et  ai  (Ref  48)  developed  another  type 
of  expl  based  on  the  reaction  of  AN  with  Ca 
cyanamtde  to  yield  Ca  nitrate  and  ammonia. 

An  organic  substance  is  added  to  act  as  a 
fuel.  During  mixing  at  an  elevated  temp  such 
as  80°,  the  freed  ammonia  renders  the  mixt 
plastic  and  facilitates  intimate  mixing  of  the 
AN  with  the  fuel  and/or  expl  sensitizer.  Upon 
cooling,  the  mixt  remains  plastic,  and  while 
in  this  condition  may  easily  be  packed  at  any 
desired  density.  A few  hours  after  packing, 
the  free  NH,  reacts  with  the  Ca  nitrate  to  form 
Ca  nitrate-amine  and  the  product  "sets'  ’ like 
concrete.  Following  are  examples  of  mixts  pro- 
posed by  Cook 


Density 

Deton 

Composition,  % 

g/cc 

rote, 

m/  s 

83/12/5-AN/DNT/Ca(N03)2NH3 

1.30 

3830 

83/12/5-AN/DNT/Ca(NO,)2 

1750 

8 1 . 5/ 1 2/6. 5-  AN/  DNT/  B a(  NO,  )2- 

NH, 

1.30 

3500 

81-5/1 2/6. 5-  AN/DNT/  Ba(NO, ). 

— 

2250 

81.5/ 12/  6.5*  AN/DNT/Sr(NOA- 

NH, 

1.27 

3325 

81.5/12/  6. 5- AN/DNT/Sr(NO,)2 

- 

1900 

One  formulation  of  Cook’s  expl 

s was 

used  with 

satisfactory  results  when  pressed  wafers,  sealed 
in  cans,  were  subjected  to  trials  in  shooting  of 
oil  wells  (Ref  54) 

Two  high- AN  "permissible s’  ’ which  had 
excellent  safety  properties  for  use  in  gassy 
and  dusty  coal  mines  and  also  nearly  ideal 
blasting  properties  were  developed  by  Wahl 
(Ref  44)  and  by  Cook  et  al  (Ref  46).  These 
features  were  achieved  by  careful  regulation 
of  reaction  rate,  which  was  established  by 
appropriate  intimacy  of  mixing  and  by  control 
of  particle  size  of  the  product,  Whitworth  & 
Hornell  (Ref  61)  reported  a low  density  blast- 
ing expl  also  suitable  for  use  in  gassy  and 
dusty  coal  mines  and  particularly  useful  for 
obtaining  lump  coal.  This  expl  compn  con- 
sisted of  a liq  expl  org  nitrate  (such  as  a 
nitrated  80/20  mixt  of  glycerol  and  glycol) 

6—12%,  an  org  expl  sensitizer  (such  as  NGu 
in  needle  like  crysts)  ca  10,  a bulky,  sub- 
divided vegetable  material  (such  as  peat) 
ca  7,  AN  (or  other  inorg  power  producing  salt) 
ca  57—59,  resin  ca  0.5,  diammonium  phos- 
phate ca  0.5  and  a salt  (such  as  NaCl),  which 
acts  as  a flame-coolant  and  retardant  ca  11%. 

The  expl  described  had  a bulk  d 0.73  —0.76  g/cc 
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Taylor  (Ref  72),  in  prepn  of  low  density 
AN  expls  used  a special  low  d(bulk  d < 0.99 
at  1.77  atraj  dendritic  NaCI  as  the  coolant. 

Such  NaCI  was  prepd  by  rapidly  adding  KNOs 
to  a boiling  soln  of  equimol  quantities  of 
NaNO,  & KCl  satd  with  respect  to  the  result* 
ing  NaCI.  Using  these  NaCI  crysts,  the  fol- 
lowing expl  compn  was  prepd  by  Taylor:  AN 
(bulk  d 0.71  at  1.7  atm)  55.5,  NaNO*  10. 
mi»  80/20— NG/NGc  10,  peat  (bulk  d 0.20 
at  1,7  atm)  12,  dendritic  NaCI  12,  di  ammonium 
phosphate  0,2  and  rosin  0,3% 

Farr  (Ref  66)  in  1951  developed  a dynamite 
compn  having  high  d and  a low  vel  of  deton 
when  confined.  This  consisted  of  AN  (coarse 
and  coated  with  1%  microcryst  wax)  82,  NG  5, 
NaNO,  5,  corn  flour  2,  wood  pulp  1.5,  apricot 
pip  pulp  4 and  chalk  0.5%.  The  same  investi- 
gator developed  an  improved  AN  dynamite 
^vhich  could  be  detonated  by  a No  8 blasting 
cap)  of  the  following  compn:  AN  85.4,  TNT 
2,5,  liq  DNT  1,5,  granulated  soft  coal  6.1  and 
NaNO,  4.5%.  Farr  also  suggested  that  improve- 
ment in  AN/NG  expls  was  achieved  by  the  use 
of  cryst  AN  contg  from  4 to  11%  KNO,  distribu- 
ted in  solid  soln  throughout  the  AN  crysts 
(Ref  67) 

Semigelatin  dynamites  represented  a signifi- 
cant advance  in  the  development  of  high  AN 
dynamites.  These  dynamites  made  use  of  collo- 
dion cotton,  nitrobodies  and  waterproofing 
agent  s in  the  form  of  a gelatin  to  which  was 
added  balanced-dope  materials  (Ref  28).  These 
products  had  excellent  physical  and  expl  props 
for  small  diam  blasting.  Whetstone  & Taylor 
(Ref  62)  patented  an  expl  incorporating  AN  in 
a liq  mixt  with  certain  low-melting  eutectics. 
For  instance,  a liquid  mixt  consisting  of  AN 
50,  urea  25,  Na  .acetate  trihydrate  15  and 
Na,S,  0,»5H,0  10  parts,  was  gelled  by  boil- 
ing with  3%  starch  soln  and  into  this  20  p of 
NG  contg  1%  NC  was  dispersed,  TJ>e  resulting 
product  was  a soft  plastic  expl  having  greater 
sensitivity  than  similar  compds  using  dry  AN. 
Hauff  & Holmes  (Ref  49)  prepd  a nonsetting 
expl  by  coating  AN  crysts  with  Zn  tecrammino 


nitrate.  Sakurai  & Sato  (Ref  73)  measured, 
by  means  of  a plastometer,  the  stress-strain 
relationship  resulting  from  the  addn  of  20  to 
80%  of  AN  to  NG  gels,  A plot  of  these  data 
gave  an  "S’  * shaped  curve.  The  mechanical 
properties  of  these  dynamites  depended  upon 
the  amt  of  AN,  its  cryst  form,  density  and 
surface  props.  Young' s modulus  became 
greater  as  the  d of  AN  decreased 

Some  more  recent  safety  AN  blasting  expls 
have  been  described  by  Taylor  & Reid  (Ref  86), 
Davis  et  al  (Ref  84),  Rinkenbach  & Carroll 
(Ref  89),  Scalera  & Bender  (Ref  90)  and  Tay- 
lor (Ref  91).  Taylor  & Reid  described  an  expl 
prepd  by  grinding  together  AN  53,1  & TNT 
11.9  parts  so  that  all  the  mixt  passed  through 
a 150  mesh  Brit  Std  Sieve.  To  this  was  added 
35  parts  of  AN,  all  of  which  passed  a No  60 
sieve  and  only  50%  of  which  passed  a No  120 
sieve.  The  resulting  expl  compn  had  a vel  of 
deton  of  2400  m/sec  and  was  sensitive  to  a 
No  3 commercial  fulminate  detonator  (Ref  86). 
Davis  et  al  (Ref  84)  described  a NG-free 
blasting  compn  contg:  AN/NaNO,  mixt  60, 
DNT/TNT  mixt  10—30  and  finely  divided  metal- 
lic fuel  0,5—10%.  The  nitrate  mixt  contained 
30—80%  AN  which  passed  a 100  mesh  sieve. 

The  DNT/TNT  mixt  contd  1—50%  DNT,  but  the 
DNT  content  was  not  to  exceed  10%  of  the  en- 
tire compn.  The  fuel  was  preferably  ferrosili- 
con  contg  at  least  40%  Si.  The  resulting  mixt 
was  blended  at  160°F  and  packed  into  1-2" 
diam  cartridges  at  120— 150°F  to  obtain  a cold 
d of  1,3— 1,5  g/cc.  It  could  be  initiated  by  a 
cap  sensitive  primer  to  give  a rate  of  deton 
3500—3900  m/sec  and  had  approx  the  same 
blasting  strength  as  an  equiv  length  of  tamped 
dynamite.  The  compn  was  less  toxic,  much 
less  shock  sensitive  and  formed  more  rigid 
cartridges  than  dynamite.  Rinkenbach  & Car- 
roll  (Ref  89)  proposed  a blasting  expl  con- 
sisting essentially  of  mixed  crysts  of  AN, 
urea  and  a dry  pulverized  absorbent  for  liq 
thoroughly  mixed  with  the  said  crysts.  They 
patented  also  a cast  expl  of  high  d consisting 
of  AN,  urea  and  an  expl  sensitizer.  Scalera  & 
Bender  (Ref  90)  rendered  AN  blasting  corapns 
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water-resistant  by  incorporating  ethyienic 
monomers  which  polymerize  on  contact  with 
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was  related  to  a safety  AN  blasting  expl  for 
use  in  dusty  mines 


The  properties  of  AN  and  the  recommended 
practices  for  the  use  of  AN  in  field-compounded 
expls  have  been  described  by  Cooley  (Ref  96). 
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ing  agents  in  strip-mine  operations  and  Cook 
(Ref  98)  has  dealt  with  large  diam  bore  holes 
using  AN  expls  not  contg  NG.  One  of  the 
cheapest  types  of  AN  blasting  expls  is  prepd 
by  mixing  prilled  AN  with  2—10%  of  No  2 or 
other  fuel  oil.  The  mixing  can  be  done  in  the 
t:  u..  u~i  „ . — t 1 a : — 
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The  O-balanced  mixt  consists  of  94%  AN  and 
6%  fuel  oil.  Its  properties  are;  d 0.8  g/cc, 
heat  of  expln  890  cal/g,  max  available  energy 
855  cal/g,  av  heat  capacity  0.38  cal/g/°K, 
total  number  of  moles  of  gas  per  kg  43*  1>  max 
pressure  of  gas  42  kilobars,  deton  vel  4200 
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pletely  new  expl,  an  aq  slurry  of  AN  and 
TNT,  is  being  used  for  open  pit  blasting  at 
the  Iron  Ore  Co  mine  in  Newfoundland.  Ac- 
cording to  Canadian  Industries,  Ltd,  which 
developed  the  expl  in  collaboration  with  the 
inventors  Cook  and  Famum,  the  slurry  char- 


directly  or  in  bags  into  the  borehole.  Because 
of  its  high  d (1.4  g/cc)  and  good  water  toler- 
ance, the  expl  can  be  loaded  under  water  and 
performs  effectively  under  wet  conditions. 
Strength  of  the  expl  compares  to  that  of  70% 
gelatin  dynamite.  However,  the  slurry  is  much 
less  sensitive  and  requires  a HE  primer,  the 
preferred  primer  being  a six-ounce  pellet  of 
pentolite  which  can  be  initiated  by  an  elec- 
tric blasting  cap  or  a ''Primacord”  detonat- 
ing fuse.  The  explosive’ s high  strength  and 
efficient  loading  characteristics  are  expected 
to  make  it  especially  suited  to  open  pit  min- 
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The  so-called  Ammoniakkrut  originally 
patented  by  Norrbin  and  Ohlsson  in  1867 


consisted  of  AN  to  which  could  be  added 
either  a combustible  (charcoal,  sawdust, 
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Practically  the  same  AN/fuel  compos  have 
been  patented  over  the  years  and  recently 
for  use  in  large  diam  blasting.  These  mixts 
may  be  prepd  in  advance  like  the  Lee  and 
Akrei  mixt  of  AN  with  1 — 12%  carbon  black 
packed  in  polyethylene  tubes,  or  they  may  be 
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stance,  on  the  Mesabi  Range,  Minnesota,  in 
blasting  iron  ore,  good  results  were  obtained 
by  drilling  9"  diam  bore  holes  and  pouring 
into  each  hole,  one  80  lb  bag  of  AN,  followed 
by  one  gal  of  fuei  oil.  It  was  found  that  in 
large  diam  holes  (5"  or  more),  AN  is  capable 
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grained  and  adequately  boostered.  It  was 
also  found  that,  for  large  diam  holes,  it  is 
not  necessary  to  prepare  an  intimate  AN/fuel 
mixt  to  make  available  at  least  most  of  the 
high  explosive  potential  of  such  mixts  (Ref 
94).  In  very  recent  developments,  Crater 
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ing  of  AN  mixed  with  about  5%  fuel  oil  gave 
satisfactory  results  when  poured  into  large 
diam  holes  and  strongly  primed  with  dyna- 
mite to  insure  deton.  The  holes  must  be  dry, 
as  propagation  of  deton  under  unfavorable 

conditions  is  less  satisfactory  than  when  a 
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AN/DNT/carbonaceous  material  is  used. 
Present  trends  in  the  use  of  high-AN/fuel 
mixts  suggest  that  important  new  develop- 
ments can  be  expected  in  future  AN  blasting 
expls 


AN  nigh  Explosives.  As  outli  tied  above,  AN 
is  an  important  constituent  of  dynamites,  but 
it  is  also  a significant  constituent  of  a num- 
ber of  other  expls  in  which  it  is  present  in 
large  proportions.  These  expls  may  be  divided 
into  two  main  types:  a)  expls  in  which  a 

sensitizer,  itself  detonable,  is  used  as  a means 
of  increasing  the  sensitivity  to  deton  of  AN 
and  b)  expls  in  which  the  material  employed 
to  sensitize  AN  is  not  detonable.  In  general, 

AN  expls  have  low  rates  of  deton  (2000— 
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3500  m/sec)  and  high  gas  vols.  Consequently, 
they  have  low  shattering  and  good  heaving  or 
pushing  effects.  Their  ballistic  pendulum  test 
values  are  115—125%  that  of  TNT.  When  used 
in  quarries,  it  has  been  found  that  AN  expls 
often  show  a shattering  effect  greater  than, 
expected  on  the  basis  of  their  low  rates  of 
deton,  and  this  is  ascribed  to  their  large  vols 
of  gases  having  a disproportionate  effect  on 
shattering  power.  Although  AN  expls  are 
rarely  graded  commercially  in  terms  of  strength 
percent,  their  strength  may  be  as  great  as  65% 
dynamite,  ie, equivalent  to  a 65%  straight  NG 
dynamite  on  an  equal  weight  basis 

AN  Explosives  Containing  Detonable  Sensi- 
tizers, There  is  no  sharp  line  of  division  be- 
tween AN  dynamites  and  some  other  AN  expls; 
the  difference  being  mainly  that  AN  expls  are 
formulated  with  a lower  percentage  of  NG  or 
NS  and  therefore  a higher  percentage  of  AN. 
The  presence  of  as  little  as  1%  NG  or  NS  in 
AN  is  sufficient  to  cause  marked  sensitiza- 
tion. Commercial  AN  expls  are  made  by  in- 
corporating 3—10%  NG  or  NS  and  40—89%  AN. 
The  remaining  component  is  usually  a small 
amt  of  wood  pulp  or  other  carbonaceous  mate- 
rial which  would  also  be  sensitized  by  NG. 
TNT,  nitrotoluenes,  naphthalene  and  other 
similar  materials  have  been  proposed  for  use 
as  Sensitizers,  and  some  of  them  have  actu- 
ally been  used,  especially  in  foreign  count- 
ries. However,  in  the  US,  NG  and  NS  are  the 
principle  detonable  sensitizers 

AN  Explosives  Containing  Nondetonable 
Sensitizers.  Many  substances  which  are  not 
in  themselves  expls  greatly  increase  the  sen- 
sitivity of  AN  when  added  to  it.  To  these  be- 
long: powdered  metals  (such  as  flaked  Al) 
and  combustible  org  materials  (such  as  rosin, 
many  metallic  resinates,  hexamethylenetetra- 
mine, many  org  bases,  and  paraffin  oils  and 
waxes).  Usually  these  AN  expls  are  prepd  by 
coating  granules  of  AN,  either  alone  or  mixed 
with  NaCl,  with  a thin  layer  of  sensitizer.  If 
it  is  desired  to  make  an  expl  of  exceptional 
safety,  there  is  employed  an  amt  of  sensitizer 


insufficient  to  make  the  expl  capable  of 
deton  by  the  action  of  an  ordinary  blasting 
cap,  but  requiring  either  a US  Corps  of  Engi- 
neers cap  or  a heavy  booster  charge  such  as 
TNT  or  amatol.  A mixt  of  92.5  AN,  4 DNT 
and  3*5%  paraffin  wax  is  representative  of 
this  type  of  expl.  By  controlling  the  d,  bulk 
strength  from  less  than  40  to  75%  that  of 
straight  dynamite  may  be  obtained.  The  vel 
of  deton  varies  with  the  grade  of  AN  and  the 
diara  of  the  charge,  but  it  usually  is  between 
3500  and  5000  m/sec.  When  properly  initiated, 
the  deton  can  be  propagated  across  an  air  gap 
of  8—15  in.  In  order  to  exclude  moisture,  all 
AN  expls  must  be  packed  in  sealed  metal  con- 
tainers. The  simultaneous  action  of  Zn, 
humidity  and  AN  on  nitrocompds  such  as  TNT 
and  TNX  is  apt  to  produce  some  dangerous 
products.  As  Al  does  not  react  under  the  same 
conditions,  it  is  recommended  for  packing  any 
mixt  contg  AN  and  nitrocompd  expl  (Ref  74) 

In  1917  a patent  was  granted,  to  Vereinigte 
Koln-Rottweiler  Pulverfabriken  (Ref  6)  for  a 
cast  AN  expl  contg  nitrocompds  and  "cell- 
pitch  lye".  One  such  compn  contd  at  least 
60  AN,  less  than  20  NaNOs,  less  than  30  TNT 
and  up  to  10%  "cell-pitch  lye’  '(qv).  The 
addn  of  "cell-pitch  lye’’  lowers  the  mp  con- 
siderably, aids  in  the  mixing  of  the  nitrates 
and  nitrocompds,  and  prevents  separation  of 
the  ingredients.  Muller  (Ref  12)  proposed  mix- 
ing molten  AN,  in  an  autoclave  at  a pressure 
of  0.5  to  one  atm,  with  hydrocarbons  or  hydro- 
carbon derivatives.  Cook  & Talbot  (Ref  65) 
studied  the  sensitivity  to  explosion  of  AN/ 
hydrocarbon  mixts.  Manuelli  & Bernardini 
(Ref  8)  melted  together  AN  and  GuN  (guani- 
dine nitrate)  or  biguanidine  nitrate,  or  AN 
and  dicyandiamide  with/without  the  addition 
of  NGu,  in  such  proportions  that  the  product 
melted  below  130°.  To  the  above  could  be 
added  oxidizing  agents,  either  with  or  with- 
out oxidizable  substs.  Heating  AN  and  di- 
cyandiamide together  produces  salts  of  bi- 
guanide  and  guanidine  according  to  the  temp 
and  duration  of  the  process.  An  expl  compn 
consisting  of  AN  25  and  urea  nitrate  75%, 
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to  which  may  be  added  some  NC  and  Al,  also 
was  reported  (Ref  15).  In  another  procedure 
AN  was  melted  with  a nitrate  or  nitrates  of 
aliphatic  mono-  or  polyamines  and  then  cast 
(Ref  21).  Morris  (Ref  29)  obtained  a nongela- 
tinous  HE  by  agitating  hot,  pulverized  AN 
with  a moiten  or  partly  molten  mixt  of  a ni- 
trocompd,  such  as  TNT  or  DNB,  and  PETN 
at  a temp  not  exceeding  100°.  Davis  (Ref  42) 
described  a plastic  expl  consisting  of  granu- 
lar AN  and  molten  TNT  for  loading  into  shell. 
Some  promising  low-melting  AN  expls  were 
developed  at  Pic  Arsn.  It  was  found  that 
mixts  of  AN  with  Na  acetate  or  with  urea  and 
NaNO,  could  be  melted  and  cast  at  103° 

(Ref  50).  By  the  addn  of  A1  to  such  mixts, 
expls  were  obtained  having  brisance  and  sta- 
bility characteristics  equal  to  TNT.  However, 
when  cast-loaded  into  3"  shell  and  detonated, 
the  expl  was  of  too  low  brisance  for  military 
use.  Addn  of  Amm  picrate  to  the  basic  ternary 
mixt  resulted  in  an  expl  of  satisfactory  bris- 
ance; but  upon  storage  at  elevated  temps,  the 
expl  exuded  (See  also  Addnl  Ref  H on  p a352) 

In  an  effort  to  overcome  the  objection  of 
exudation,  two  additional  low-melting  AN 
expls  were  developed  at  Pic  Arsn  (Ref  53). 
The  most  promising  compns,  designated  as 
Ammonex  I,  J and  M,  had  the  followi  ng  com- 
ponents and  properties: 

i 

Composition,  % 


AN 

42.0 

Na  nitrate 

17.0 

Ca  nitrate,  anhyd 

— 

Di  cy  an  di  amide 

5.5 

Guanidine  nitrate  (GuN) 

5.5 

Expl  D (Amin  picrate) 

30.0 

The  three  mixts  shown  below  were  approx 
equal  to  TNT  io  brisance,  as  indicated  by 
fragmentation  tests  of  cast-loaded  3“  shell. 
Their  stability  was  satisfactory,  and  they 
did  not  exude  in  storage  tests  at  65° 

Campbell  & Campbeii  (Ref  60)  studied 
binary  and  ternary  eutectics  involving  AN 
and  found  that  compns  contg  AN,  a mixt  of 
nitrates  of  alkalies  or  heavy  metals  and  TNT 
were  unsatisfactory  for  filling  shells.  The 
eutectic  consisting  of  50/50 -AN/ethylenedi- 
amine  dinitrate,  however,  melted  at  100°  and 
satisfied  nearly  aii  requirements  for  a casta- 
ble shell  filler.  A castable  AN-based  expl 
was  reported  also  by  Taylor  & Whetstone 
(Ref  59).  Early  processes  for  the  loading  of 
AN  into  shell  were  described  by  Paris  (Ref  9) 
and  Olsen  & Bain  (Ref  19).  Paris  exhausted 
the  air  from  a hermetically  sealed  mold  having 
a riser,  and  siphoned  the  charge-forming  mate- 
rial from  a molten  supply  into  the  mold  and 
riser.  The  material  in  the  riser  was  maintained 
in  a molten  state  while  the  charge  solidified 
(Ref  9).  Olsen  & Bain  suggested  pouring  into 
shell  a predetermined  amt  of  expl,  such  as 
TNT,  followed  by  addn  of  AN  pellets  not 
larger  than  10  mesh  until  the  liquid  just 
covered  the  pellets.  Setting  of  the  mixt  was 
accelerated  by  absorption  of  heat  from  the 
molten  expl  by  the  AN  pellets  (Ref  19).  The 


J 

M 

32.5 

36.0 

5.0 

5.5 

7.5 

8.0 

5.0 

5.5 

50.0 

45.0 

Avg  chge  d,  g/cc  1.35  1.66  1.61 

Approx  pour  point,  °C  97  96  92 

Av  wt  chge  in  3"  shell,  lbs  0.74  0,91  0.89 

Note:  Compns,  designated  Ammonex  K and  L,  were  also  developed  with  tetryl  added  in  amounts 
equivalent  to  those  of  the  Amm  picrate  used  in  the  above  mixts.  These  mixts  were  not  superior  to 
those  contg  Amm  picrate  when  subjected  to  shell  fragmentation  tests 
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process  for  the  liquefaction  of  AN  of  rap 
152°  used  in  expl  charges,  by  mixing  AN 
with  dicyandi  amide  (mp  205°)  in  the  propor- 
tions 85/15  was  described  in  1917.  The  re- 
sulting mixt  (fluid  at  1 15°)  was  considered 
to  be  easier  and  less  dangerous  to  use  than 
AN  alone  (Ref  7).  (See  also  Ref  70  for  de- 
scription of  methods  of  prepn  of  AN  expls  by 
Medard  and  LeRoux) 

Some  miscellaneous  AN  expls  having  no 
special  names  include  the  followi  ng:  a)  A 
mixt  of  AN  93*6  and  charcoal  6.4%  similar 
to  *,thorite”(<Iv)  with  the  addition  of  a lit- 
tle Al  was  used  in  bombs  during  the  Spanish 
Civil  War.  This  mixt  had  low  brisance  but 
comparatively  high  power  (see  also  Ref  68) 
b)Mixts  of  AN  with  trinitrophenoxy ethanol, 

(0,  N),C6H3  -O.C,  H40H(Ref  63)  c)A  stabili- 
zed AN/NG  expl  corapn  in  which  4 to  12%  of 
KNOj  was  distributed  in  solid  soln  throughout 
the  AN  crysts.  The  expl  had  stable  rate  of 
deton,  small  setting  tendency  and  good  thermal 
stability  d)A  50/45.5/4.5  mixt  of  AN/RDX/ 
beeswax  that  has  the  characteristics:  OB  to 
COa  -24%,  power  by  Bal  Mort  122%  TNT, 

Qv  209.3  kcal/mol,  Q]L  94.5  kcal/mol,  calc 

temp  of  expln  4890°K  and  gas  vol  43.2  mol/kg 
e)A  60/40  AN/methylamine  nitrate  mixt  that 
has  the  characteristics:  OB  to  C0a  — 1.6%, 
power  122%  TNT,  Qv  108.0  kcal/mol,  Q J 

c 

102.2  kcal/mol,  calc  temp  of  expln  3430  K 
and  gas  vol  43.7  molAg  f)A  mixt  contg  AN 
60-40,  RDX  15-20,  TNT  0-10,  hydrated 
potters  clay  25  aQd  water  2— 6.25(Rcf  75) 
g)A  mixt  of  AN  35—60,  TNT  0— 10,  NC  0-0.5, 
carbohydrate  0.5-5,  NaCl  with  seaweed  5-25, 
WM(wood  meal)  with  starch  0—10  and  water 
5_15%(Ref  76)  h)An  expl  compn  prepd  by 
blending  mixt  A 8.8—12.5%  with  mixt  B 91.2— 
87.5%.  The  mixt  A consisted  of  Na  cellulose 
glycolate  0.8,  glutenous  millet  powd  2.5, 
glurenous  rice  powd  2.5,  nonglutenous  rice 
powd  3.0,  flour  3.5  and  potato  starch  4.5 
parts  to  which  8%  of  water  was  added.  The 
mixt  B consisted  of  NG  22,  NC  1,  AN  62.2 
and  WM  2 parts  (Ref  77)  i)An  expl  prepd  by 


mixing  918  g of  AN,  80  g of  TNN  or  TNT 
dissolved  in  coned  nitric  acid,  followed  by 
neutralization  of  acid  by  blowing  ammonia 
into  the  mixt(Ref  78)  j)A  compn  consisting 
of  AN  78.5-83.5,  hydrazine  nitrate  5-10, 

TNT  7.5,  Al  dust  0.5,  coal  3 and  chalk  0.5%. 
The  introduction  of  up  to  10%  of  hydrazine 
nitrate  in  an  AN  expl  markedly  increases 
sensitivity  and  deton  rate.  AN  and  hydrazine 
nitrate  are  preferbably  mixed  together  prior  to 
the  addition  of  other  ingredients,  or  they  may 
be  fused,  solidified  and  subdivided  prior  to 
such  addition  (Ref  80)  k)An  expl  obtai  ned 
by  neutralization  of  an  acidic  nitrated  polyol 
such  as  NG  by  the  addition  of  amines  or  am- 
ides such  as  urea,  especially  in  the  form  of 
a melt  with  AN  in  a eutectic  mixt.  The  expl 
is  stable  i n storage,  especially  when  the 
amine  or  amide  is  present  in  excess(Ref  87) 
i)An  expl  prepd  by  treatment  which  consists 
of  neutralizing  an  acid-contg  nitrated  org 
prod,  such  as  NG+nitroglycol  or  nitrosucrose, 
with  a.  mixt  or  soln  of  AN(with  or  wi  thout 
other  nitrates)  in  ammonia  and/or  org  bases 
such  as  amines,  amides  and  urea,  The  neu- 
tral mixt  is  then  converted  to  a powerful  expl 
by  the  addition  of  fuels,  such  as  peat  or  wood 
flour  and  powd  Al,  and  a gelatinizing  agent 
such  as  NC(Ref  83)  m)A  cored  AN  expl 
cartridge  having  a granular  base  charge  con- 
sisting  of  AN  88.5,  TNT  7,5,  coal  dust  3, 
chalk  dust  0.5  and  Alpowd(d  0.9— 1.0)  0.5%  is 
overlaid  with  a cast  core  of  HE  such  as  40% 
RDX(100  ^200  mesh)  in  60%  TNT.  The  core 
diam  may  be  varied  so  as  to  alter  the  strength 
from  60  to  90%  of  the  same  wt  of  NG  and  the 
deton  rate  is  simultaneously  varied  between 
4000  and  8000  m/sec(Ref  85)  n)A  Brit  1 ’non- 
permitted”  expl  contg  92  AN  and  8%  carbona- 
ceous material(Ref  95) 

It  is  koown  that  expls  contg  AN  possess  the 
undesirable  property  of  changing  their  vol  if 
there  are  large  variations  in  temp.  If  this  ex- 
pansion occurs  in  thin-walled  ammunition  com- 
ponents, considerable  damage  may  result.  This 
abnormal  expansion  is  due  to  the  fact  that  AN 
exists  in  five  cryst  modifications  and  great 
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changes  in  vol  occur  at  the  transition  points. 
According  to  G.  Romer(Ref  57),  E.  Janecke 
observed  that  if  5—10%  KNO,  is  melted  with 
95—90%  AN  and  the  melt  grained,  mixed 
crysts  are  formed  which  do  not  possess  any 
sharp  transition  points  jand  undergo  no  ab- 
normal expansion  or  contraction.  It  was  also 
observed  that,  in  mixts  contg  AN  and  PETN, 
if  part  of  the  PETN  is  replaced  with  "Tetra- 
Salt'  '(See  Tetra-methylammonium  Nitrate) 
the  abnormal  expansion  of  the  expl  is  very 
much  reduced(Ref  57) 

AN  Propellents,  Propellants  based  on  AN 
have  had  limited  uses  for  military  purposes, 
particularly  in  Germany  and  Austria,  since 
1885  when  Gans(Ref  1)  patented  a powd 
made  from  35—38  AN,  40—45  KNO,  and  14— 
22%  charcoal.  This  compn  came  into  use 
under  the  name  "Amidpulver’  An  improved 
"Amidpulver’ ' contained  AN  37,  KNO,  14 
and  charcoal  49%.  It  gave  a flashless  dis- 
charge and  only  a moderate  amt  of  smoke  when 
fired  in  a gun.  Another  propellant,  first  manufd 
in  Austria *in  1890  and  used  during  WW  I by  the 
Austrians  and  Germans,  was  called  "Ammon* 
pulver* ' . This  compn  incorporated  85  AN  and 
15%  charcoal  in  addition  to  a small  amt  of  an 
aromatic  nitro  compd.  "Aramonpulver”  was 
cheap,  powerful,  flashless,  smokeless,  and 
insensitive  to  shock  and  friction  but  it  had 
the  disadvantage  of  being  difficult  to  ignite, 
as  well  as  giving  irregular  ballistic  effects 
and  tended  to  disintegrate  on  storage  under 
widely  varying  temp  conditions.  According 
to  one  report(Ref  55),  the  "Ammonpulver* ' 
used,  during  WW  I contained  AN  50,  NC  (12% 

N)  22,  DEGN  22,  hydrocellulose  5 and 
Centralite  l%(Ref  52).(See  also  "Ammon* 
pulver’  * in  PATR  2510,  p Ger  5). 

Mayr(Ref  4)  has  discussed  the  advantages 
and  disadvantages  of  using  AN  in  gun  pro- 
pellants. Du  Pont(Ref  10)  adopted  a propel- 
lant for  use  in  guns  by  using  92.5%  AN  im- 
bedded in  7.5%  of  colloided  NC 

Roffey  et  al(Ref  56)  formed  a propellant 
by  evapg  a soln  of  AN,  with  small  amts  of 
KNO,  or  Mg(NOs),  added,  to  dryness  and 


grinding  the  resulting  cake.  Some  AN  propel- 
lants developed  by  the  Aerojet  Engrg  Corp 
(Ref  58)  include  those  shown  on  the  following 
page.  Taylor  and  Whetstone(Ref  59)  prepd  a 
rocket  propellant  by  melting  together  at  90° 
AN  67  and  magnesium  nitrate  10  parts  and 
adding,  just  before  casting,  8 parts  of  am- 
monium dichromate  to  yield  a gas-producing 
mixt.  In  a paper  reported  in  the  3rd  Symposium 
on  Com bustion(Ref  64)  Taylor  and  Sillitto 
described  the  use  of  AN  as  a solid  to  provide 
gas  for  propulsive  purposes.  A cast  of  a com- 
pressed mixt  of  AN  with  3%  or  more  of  potas- 
sium dichromate  reacts  completely,  when  ig- 
nited, to  give  gsseous  water,  nitrogen  and  a 
mixture  of  oxides  of  nitrogen.  Hannum(Ref  81) 
described  a liq  propellant  consisting  of  AN 
or  ammonium  perchlorate  dispersed  in  a poly- 
nitro  aliphatic  hydrocarbon  such  as  nitro- 
methane,  nitroethane,  1-oitropropane,  2-nitro- 
propane,  1,1-dinitropropane,  2,2-dinitropro- 
pane,  1,2-dinitropropane,  1,3-dinitropropane 
or  mixts  thereof.  The  Std  Oil  Co  of  Indiana 
also  has  contributed  to  the  development  of 
solid  propellants  based  on  AN(Ref  88) 


AN  propellants  assume  importance  in  the 
type  of  compn  known  as  "composite  propel- 
lants". These  contain  no  NC  or  NG,  and  are 
uncolloided,  heterogeneous  mixts  consisting 
of  org  fuel,  inorg  oxidizing  agent  and  org 
binder.  Such  compns  can  be  manufd  by  a sim- 
ple mixing  operation  and  then  molded  in  the 
desired  form  by  pressing.  The  development  of 
improved  binding  agents  less  affected  by  ex- 
treme temps  will  expand  the  future  usefulness 
of  this  type  of  propellent  compn(Ref  82) 

Some  AN  propellent  compns  developed  in 
the  USA  since  WW  II  are  classified  and  cannot 
be  described  in  this  work 

The  Table  on  next  page  lists  some  re- 
cently developed  US  AN  propellants  which 
are  not  classified 
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Aerojet  Propellant* 


Composition,  % 

SP— 42 

SP  — 43 

SP— 45 

5P-47 

S P -49 

AN 

70.00 

49.00 

50.00 

40.00 

20.00 

nh4cio4 

- 

31.00 

20.00 

- 

55.00 

kcio4 

- 

— 

- 

35.00 

- 

Parapiex  P—10 

29.83 

19.90 

29.80 

24.85 

24.85 

t-Butyl  hydrogen  peroxide 

0.17 

0.10 

0.20 

0.15 

0.15 

Compos i tian,  % 

SP-51 

5P-52 

SP-54 

SP-55 

AN 

71.70 

50.00 

50.00 

56.00 

Ni  tromethane 

- 

23.00 

23.00 

20.00 

Parapiex  P — 10 

- 

26.85 

26.45 

23.50 

t-Butyl  hydrogen  peroxide 

- 

0.15 

- 

' 0.50 

cat  KNR-neoprene  cement 

28,30 

- 

- 

— 

Dibenzoyl  peroxide 

- 

- 

0.55 

- 

References  on  Ammonium  Nitrate  Blasting 
Explosives , etc:  l)D.R.Gans,  GerP  37,. 

631(1885)  & Davis(1943),p  49  2)R.Escales, 
SS  1,456-7(1906)  3)O.Guttniann,  SS  2,57 
(1907)  4)J«Mayr,  SS  2,401-3(1907)  5)H. 

Schraerber.SS  12,128-32  & 15 1—5(1 917);CA 
12,426(1918)  6)VKRP,GerP  303,980(1917) 

& JSCI  41, 199A(1922)  7)Dynamit  AG,  Ger 
P 305,567-8(1917)  Si  JSCI  39,430A  (1920); 
CA  14,2555(1920)  8)C.ManuelIi  & L.Bern- 
ardinijBrltP  138,371(1917)  & CA  14,2086 
(1920)  9)P»G, Paris, USP  1,282,623(1918) 

& CA  13,188(1919)  10)F.I.du Pont, USP 

1,341,207(1920 )&  CA  14,2265(1920)  11) 

W.O.Snelling,U$P  1,343,063(1920);  J.B, 
Bronstein  & C.E.Waller,USP  1,343,077(1920) 
& CA  14,2420(1920)  12)E.Miiller,BritP 
152,199(1920 )&  CA  15,756(1921)  13)W.O. 

Snelling,USP  1,395,775(1922)  & CA  16,648 
(1922)  14)C. A.Taylor  & W.H.Rinkenbach, 

US  BurMines  Bull  219(1923)  15)Societe 
d*  Explosifs  et  des  Produits  Chimiques,  Fr 
P585,671(1924)(not  found  in  CA)  l6)E. 
Audibert,  RevIndMinerale  1925,1— 14  & CA 
19,11 98(1925)  1 7 )W.  O.  Sn  el  ling , U SP 

I, 617,182(1927)  & CA  21,1013(1927)  18) 

J.  Wyler, US P 1,720,459(1929)  & CA  23,4344 

(1929)  19)F.01sen  & C.J.Bain,  USP 

1,752,391(1930)  & CA  24,2606(1930)  20) 

A.Stettbacher,  SwissP  150,015(1930)  & CA 
26,4955(1932);USP  1,867,287(1932)  & CA 


26,4720(1932);  NC  4,166(1933)  21)Dynamit 
A-G,  BvitP  384,966(1932)  & CA  27,5981 
(1933);  FrP  742,312(1933)  & CA  27,3612 
(1933);  P.Naoum  & R.vofl  Soramerfeld  u 
Falkenhayn,USP  1,968, 158(1934)  & CA28, 
5986(1934)  22)W.O.SnelIing  & J. Wyler, 

USP  1,827,675(1932)  & CA  26,601(1932) 

23)B.I. Stoops,  USP  1,908,569(1933)  & CA 
27,3823(1933)  24)C.P.Spaeth,  USP 
1,920,438(1933)  & CA  27,4930(1933)  25) 

H. Champney,  USP  1,924,912(1933)  & CA  27, 

5542(1933)  26)H,A.Lewis  & N.G.Johnson, 
USP  1,922,938(1934)  & CA  28,7018(1934) 
27)C.P. Spaeth,  USP  1,932,050(1934)  Sc  CA 
28,646(1934);  CanP  340,401(1934)  & CA  28, 
3906(1934)  28)C. A. Woodbury,  USP 

I, 944,910(1934)  & CA  28,2538(1934);  J.A.Farr, 
USP  2,602,026(1952)  & CA  46,7771(1952) 
29)W,Morris,  BritP  437,035(1934)(not  found  in 
CA)  30)W*E.Kirst  et  al,  USP  1,992,216  & 

-17  CA  29,2744(1935)  31)S.G.Baker,Jr, 

USP  2,048,050(1936)  & CA  30,6200(1936) 
32)W,E.Kirst  et  al,  USP  2,069,612(1937)  & 

C A 3 1 , 20 10(  1 937)  3 3)S.L.  Han  ford  & N.G. 

Johnson,  USP  2,087,285(1937)  & CA  31,6466 
(1937)  34)T.W.Hauff  & W.E.Kirst,  USP 
2,125,161(1938)  & CA  32,7728(1938);  CanP 
380,363(1939)  & CA  33,5662(1939)  35)H. 

Muraour  & G.Aunis,  MP  28,182-203(1938)  & 
CA  33,8406(1939)  36)R.W.Cair ns,  USP 
2,130,712(1938)  & CA  32,9504(1938)  37) 
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E.F. Reese,  PATR  946(1938)  38)C.O.Davis, 

USP  2,168,562-3(1939)  & CA  33,9648(1939) 
39)M.Ovchinnikov,  KhimRefZh  2,  No  4,  135 
(1939)  & CA  34,2173(1940)  40)V.A.Assonov 
& R.D.Rossi,  GornyiZh  1939,  No  7,  38—41  & 
CA  34,8283(1940)  41)G.A.  Abinder  & K. 

Andreev,  GornyiZh  1939,  No  7,  42  — 3 

42)T.L. Davis,  ArOrdn  20,91— 4(1939)  43)A, 

Stettbacher,  NC  10,109-10  & 128-30(1939) 
44)M.H.Wahl,  USP  2,171,379(1940)  & CA  34, 
265(1940)  45)C.O. Davis,  USP  2,185,248 

(1940)  & CA  34,3092(1940)  46)M.A.Cook 
et  al,  USP  2,199, 217&8(1940)  & CA  34,6078 
(1940)  47)R, W.Cairns,  USP  2,211,738(1941) 

& CA  35,625(1941);  USP  2,338,164(1944)  & 

CA  38,3478(1944);  USP  2,355,269(1944)  & 

CA  38,6564(1944)  48)M.A.Cook  et  al,  USP 
2,220,891&-92;CA  35, 1636(1941);  Brit  P 
544,582(1942)  & CA  36,6804(1942)  49)T.W. 

Hauff  & H.H.Holmes,  USP  2,222,175(1941)  & 
CA  35,1636(1941)  50)A.J.Phillips,  PATR 
1106(1941)  51)C. Winning,  USP  2,314,806 

& 7,8,9,10(1943)  and  CA  37,5241(1943), 
52)Davis(1943),p  49  53)R.D.Sheeline, 

PATR  1234(1943)  54)M.A.Cook,  CanP 
411,896(1943)  & CA  37,3943(1943);  USP 
2,312,752(1943)  & CA  37,4902(1943)  55) 

Anon,  CIOS  Rpt  No  3 1-68, p 7(1945)  56)F. 

Roffey  et  al,  BritP  573,147(1945)  & CA  43, 
5952(1949)  57)G.Romer,  PBL  Rept  No 
85160(1945)  58)W,E. Campbell, Jr.  & W.H. 

Brown,  AerojetEngrgCorp  Rept  No  192(1946) 
(15  pp)  59)J»W'hetstone,  USP  2,409,919 
(1946)  & CA  41,  865(1947);  USP  2,460,375 
(1949)  & CA  43,  2776(1949);  J.Taylor  & J. 
Whetstone,  USP  2,434,872(1948)  & CA  43, 
852(1949)  60)  A.  N. Camp  bell  & A.J.R.Camp- 

bell,  CanJRes  25B, 90-100(1947)  & CA  41, 
3967(1947)  6l)E. Whitworth  & J.Hornell, 

BritP  595,443(1947)  & CA  48,6699(1954) 

6 2)J  .Whetstone  & J.Taylor,  BritP  597,7 16&8 
(1948)  & CA  42,4349(1948);  USP  2,548,693 
(1950  & CA  45,10590(1951)  63)D.McFar- 
land,  USP  2,463,709(1949)  & CA  43,6828(1949) 
64)J. Taylor  & G.B.Sillito,  * ’3rd  Symposium 
on  Combustion*  * , Williams  &Wilkins,  Balti- 
more, Md(1949), 5 7 2-9  65 )M.  A. Cook  & E.L. 
Talbot,  IEC  43,1098-1102(1951)  66)J.A. 


Farr,  BritP  649,473(1951)  & 649,613(1951); 

CA  45,10589(1951)  67)J.A.Farr,  BritP 
662,346(1951)  & CA  46,5320(1952)  68)A. 

Darche  & E.Delemotte,  FrP  986,807(1951)  & 

CA  50,574(1955)  69)F.M.Lang,  MP  34,189- 
94(1952)  70)L.Medard  & A.LeRoux,  MP  34, 
195-204(1952)  71)J.A.Farr,  BritP662,346 

& USP  2,602,026(1952);  CA  46.5320&7771 
(1952)  72)J. Taylor,  BritP  682,209(1952) 

& CA  48,6700(1954),  50,11672(1956);  USP 
2,736,262(1956)  & CA  50,6796(1956)  73) 

T.Sakurai  & Y.Sato,  J IndExplSoc Japan  14, 
111-6,226  -9(1953)  & CA  49,11283(1955) 
74)G.Bourjol,  MP  36,41-5(1954)  75)A.Sato, 
JapP  988(1954)  & CA  48,14210(1954)  76) 

T.Sakurai,  JapP  989(1954)  & CA  48,14210 
(1954)  77)N.Sakurai,  JapP  990(1954)  & CA 
48,14210(1954)  78}Y.Tsurusaki,  JapP  148 
(1954)  & CA  48,13222(1954)  79)H.B.Lee  & 
R.L.Akre,  USP  2,703,528(1955)  & CA  49, 
15248(1955)  80)L.F.Audrieth,  USP2,704,706 
(1955)  & CA  50,8208(1956)  81)J.Hannum, 

USP  2,721,792(1955)  & CA  50,3740(1956) 
82)Anon,  TM  9-1910/TO  11A-1-34(1955), 
p 259  83)B.P.Enoksson,  USP  2,736,742 
(1956)  & CA  50,6796(1956)  84)C.Davis  et 
al,  USP  2,752,848(1956)  & CA  50,13444(1956) 
85)J.Ruth  & R. Wakefield,  USP  2,754,755(1956) 
& CA  50,15087(1956)  86)J.Taylor  & T.Reid, 
BritP  743,710(1956)  & CA  50,14230(1956) 
87)B.P.Enoksson,  SwedP  154,069  & 70(1956) 

& CA  50,14230(1956)  88)Anon,  Std  Oil  Co 
(Ind)  Quarterly  Rpt  No  5,  Dec  1956— Feb  1957 
89)W,H,Rinke nbach  & W.H.Carroll,  USP 
2,814,555(1957)  & 2,817,581(1957);  OffGaz 
724,  No  4,  774(1957)  90)M.Scalera  & M. 
Bender,  USP  2,826,485(1958)  & OffGaz  728, 

No  2,  383(1958)  91)J.Tayior  & T.J.Reid, 

USP  2,839,374(1958)  & CA  52,14172(1958) 

92) W.DeC.Cr  ater  et  al,  IEC  50,43A(1958) 

93) Anon,  C&EN  17  Nov  1958, p 43  94)Cook 

(1958), pp  10-4  95)J. Taylor  & P.F.Gay, 

’'British  Coal  Mining  Explosives*’ , G.Newnes 
Ltd,  London(1958),p  26  96)G.B.  Clark, ed, 

ffThird  Annual  Symposium  of  Mining  Research)' 
Univ  of  Missouri  School  of  Mines  & Metallurgy 
(1958),pp  123-8,  C.M. Cooley  97)Ibid,pp  129— 
34,  F.W.Parrott  98)Ibid,pp  135-48,  M.A.Cook 
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Addnl  Refs:  A)Societe  Roth  (Germany),  FrP 

303,427(1900)  & 353,864(1905);  CA  1,  1343 
(1907)(An  expl  suitable  for  loading  shells 
contained:  AN  45,  DNT  or  TNT  19.5,  A1  22.0,  . 
BkPdr  4.5,  PbO,  1.0  sulfur  2.5  & KN03  with 
charcoal  5.5%)  B)A. Haller,  BulISocEncour- 
IndNat  119,  761(1920)  & CA  15,  1401(1921) 
(Expls  consisting  of  AN  coated  with  paraffin 
were  used  by  the  French  during  WWI  as 
bursting  chges  in  airplane  bombs,  trench 
mortar  projectiles  and  hand  grenades)  C). 
T.J.R. Alexander,  BritP  297,375(1927)  & CA 
23,  2827(1929)  (A  very  intimate  mixt  suitable 
for  use  in  expls  can  be  obtained  by  heating 
to  140°equimol  quantities  of  a coned  soln 
of  AN  and  Na  perchlorate,  followed  by  crys- 
tallization) D)Pepin  Lehalleur(1935),  352-3 
lists  several  AN  expls  manufdd  betw  WWI  & 
WWII  by  the  Poudreries  de  1 ’Etat(France)  and 
supplied  to  industry  for  cartridges.  These 
expls  were  known  under  the  general  name 
Explosifs  do  Favier  and  included  the  following: 

a ) Grisou-naphtbalite  couche  AN  95  & TNT  5% 

b ) Grisou-naphtbalite  salpfttree  AN  90,  K 
nitrate  5 & TNT  5/S  c)Grisou-napkthalite 
roche  AN  91-5  & DNN  8.5%  d)Gnsoz/- 
napbthaliie  roebe  salpetree  AN  86.5,  K nitrate 
5 & DNN  8.5%  e)Poudre  Favier  pour  mines 
rjon-grisouteuses  AN  87.5  & DNN  12.5%  f) 
Grisou-tetrylite  couche  AN  88,  K nitrate  5 & 
tetryl  7%  g)Poudre  de  mine  C lb  AN  78  & 

Amm  trinitrocresylate  22%  E)A,G. White, 

USP  2,128,576(1938)  & CA  32,  8782(1938) 
(Blasting  expls  consisting  of  AN  mixed  with 

a faster  burning  substance  such  as  black 
powder)  F)W m.E.Kirsr,  DSP  2,145,399 

(1939)  & CA  33  , 3 5 90(1939)  (Expl,  consisting 
of  AN  mixed  with  an  or g sensitizer  such  as 
DNT  which  is. normally  solid  but  fusible  G) 
E.I.  duPont  de  Nemours  & Co,  BritP  531,562 
(1941)  & CA  35,  8299(1941)  [Blasting  expls 
consisting  of  AN  sensitized  with  inorganic 
sensitizers  (such  as  Al,  Mg,  Sb,  Zr,  ferro- 
silicon,  Ca  silicide,  S etc)  or  organic  sensi- 
tizers (such  as  DPhA,  hexamethylenetetramine, 
acid  amides, nitrocompds,  ales,  nitrates, 
sugars,  etc).  These  substances  are  dis- 
persed in  AN  soln  prior  to  crystnl  H)A.  J. 


Phillips,  PATR  1106(1941)  [a  number  of 
commercial  AN  expls  tested  at  PicArsn,  have 
been  found  to  have  satisfactory  brisance 
values,  but  they  were  unsuitable  for  general 
military  use  because  they  could  not  be  cast 
or  extruded,  but  only  compressed.  When  com- 
pressed to  obtain  suitable  high  density,  they 
were  found  to  be  relatively  insensitive  to 
detonation.  An  effort  had  been  made  to  de- 
velop AN  expls  which  were  highly  brisant 
and  castable.  Two  promising  expls  were  de- 
veloped: No  1 which  contd  AN  80.1  Na  acetate 
9.9  & AI  10.0%  and  No  2 which  contd  AN 
60.5,  Na  nitrate  18.0,  Ai  11.0  & urea  10.5%. 
Both  compns  could  be  cast-loaded  at  ca 
103°  but  the  cast  material  was  more  difficult 
to  initiate  than  the  pressed  material,  espe- 
cially at  low  d.  Compsn  No  2 was  easier  to 
initiate  and  it  was  of  excellent  stability.  The 
sand  rest  value  of  pressed  material  initiated 
with  a No  8 elec  detonator  was  almost  equal 
to  TNT,  but  the  cast  material  gave  lower 
results.  The  cast  Compn  No  2 fragmentation 
test  value,  listed  in  PATR  1234  was  not  as 
satisfactory  as  expected  and  new  expls,  known 
as  Amatexes  were  developed  (See  Ref  53) 
I)CondChemDict  (1942),  p 287  lists  the  fol- 
lowing expl  compsn  AN  80,  NG  10,  K chlorate 

5 & coal  tar  5%  J)E.I.  du  Pont  de  Nemours 

6 Co,  BritP  535,137(1941)  & CA  36,  1496 
(1942)  (Coal  blasting  expl  consisting  of  AN, 
a solid  capable  of  functioning  as  both  a deto- 
nation sensitizing  agent  and  a binder  and  a 
liq  medium  capable  of  softening  superficially 
the  particles  of  binder)  K)J.Barab,  USP 
2,280,360(1942)  & CA  36,  3650(1942)  [A  low 
d expl  mixt  detonable  by  a No  6 or  No  8 cap 
is  prepd  by  intimately  mixing  very  finely 
divided  AN  and  combustibles  (such  as  coal, 
rosin,  Al  & TNT),  compressing  the  mixt 
thus  formed  and  crushing  the  resulting  mass 
into  a pdr,  detonable  by  a No  6 or  No  8 cap] 
L)A.J. Phillips,  PATR  1302(1943)  (Study  of 
corrosive  action  AN  expls,  such  as  amatols 
on  Cu  in  presence  of  moisture.  In  the  first 
stage  of  reactions  are  formed  basic  Cu  ni- 
trates and  ammonia  and  these  readily  combine 
giving  tetrammine  copper  nitrate,  which  is  expl) 
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N)Societe  Suisse  des  Explosifs,  Swiss  P 
228,940(1943)  & CA  43  2437(1949)  (An  expl 
mixt  consisting  of  AN  70,  PETN  10,  TNT  10 
& NaNH4HP04*4JH30  10%.  The  phosphate  is 
incorporated  in  order  to  lower  the  mp  of  the 
mixt  and  to  give  it  higher  stability)  0)A.H. 
Blatt,  OSRD  Rept  2014(1944)  lists  the  fol- 
lowing mixts  suitable  for  military  purposes: 

a) AN  55  Si  ethylenediamine  nitrate  45%;  casting 
temp  105°  and  power  by  Trauzl  test  126%  PA 

b) AN  50  Si  ethylenediamine  nitrate  50%;  mp 
102.5°,  d 1.6333  at  25/4°;  impact  sensitivity- 
requires  fall  height  161%  that  of  TNT;  decomp 
with  evoln  of  brn  fumes  at  278°  c)AN  60, 
ethylenediaminedinitrate  20  & TNT  20%;  the 
components  were  mixed  dry  and  then  molded 
at  108°;  power  by  ballistic  mortar  is  135% 

TNT,  impact  sensitivity-requires  fall  height 
170%  that  of  TNT;  decomp  with  evoln  of  brn 
fumes  at  260°  d)AN  60  & methylamine  nitrate 
40%;  can  be  cast  at  58°;  power  by  Trauzl  test 
121%  PA  COOpNav  Rept  30-3M(1945),  p 27, 
PBL  Rept  53045(1945)  and  PB  Rept  50394 
(1946)  list  the  following  AN  expls  used  by 

the  Japanese  during  WW II;  Ammonaru  Anbenyaku 
(Shobenyaku),  Angayaku,  "E"  Explosive, 
Shoanbakuyaku,  Shoanayaku,  Shonayaku, 
Shotoyaku,  Torpex-Type  Explosives,  Type 
4(Mk2K2),  Type  4(Mk3),  Type  4(Mk5K,)  and 
Type  88  Explosives.  These  compns  are 
listed  in  this  work  in  alphabetical  order  P) 

PB  Rept  1154(1945)  & All  & EnExpls(1946), 
p 134  list  an  AN  expl  used  during  WW  II  by  the 
Italians  for  press-loading  some  47  mm  AP 
shell.  Irs  compn  was  AN  73.4-75.0,  RDX  22.0 
& Wax  5. 0-4. 6%  R)T.Wacanabe,  JapP  176, 
113(1948)  & CA  45  , 4930(1951)  (A  blasting 
expl  consisting  of  AN  71.7  NG  8.0,  CC  0.3 
& pulverized  seaweeds  20.0%)  S)Belgrano 
(1952),  pp  33-6  Si  45  lists  many  Italian  AN 
expls,  for  example:  a)AN  75,  K perchlorate 
10,  DNN  10,  Ca  silicide  4 & wood  flour  1% 

b) AN  69,  K perchlorate  8,  TNT  20  & A1  3% 

c) AN  82,  DNN  9,  TNT  3,  cellulose  2 & Mn 
dioxide  4%  d)AN  76,  K perchlorate  8,  TNT 
12,  sawdust  2 & AI  2%  e)AN  68,  K per- 
chlorate 10,  TNT  12,  Ca  silicide  8 & saw- 
dust 2%  f)AN  79.5,  TNT  10,  Ca  silicide  8 


& wood  flour  2.5%  T)K.K. Andreev  & A.P. 
Glazkova,  DoklAkadN  86,  801-3(1952)  & CA 
47,  10229(1953)(Additives  such  as  NaCl  and 
BaCl2  exert  an  anti-firedamp  action  and  in- 
crease the  rate  of  combustion  of  AN)  D) 

Kirk  & Othmer  11  (1953),  777  stated  that  AN 
can  be  used  as  an  oxidizer  in  rocket  propel- 
lants in  place  of  K perchlorate  V)Warren 
(1958),  p 1 lists  a solid  rocket  propellant 
consisting  of  AN  80,  elastomeric  binder  18 
& additives  2%.  He  also  discusses  on  pp 
34-5  the  use  of  AN  as  an  oxidizer  in  rocket 
propellants  W)Dr  L.Deffet,  Belgium  listed 
in  private  communication,  10  March  1954, the 
following  AN  expls  as  currently  manufd  in 
Belgium:  Alkalite,  Alsilite,  Centralite  TA, 
Cooppalite  Dynamite  111,  Flammivore, 

Fractorite,  Matagnite,  Nitrocooppalite, 

Sabulite,  Securite  C and  Securite  G.  Their 
compositions  are  given  in  this  work  in  al- 
phabetical order  corresponding  to  their  given 
names  X)A.Stettbacher,  Switzerland  listed 
in  private  communication  July  9,  1954, 

Aldorfit  as  a powdery  AN  expl  manufd  by  the 
SweizSprengstoff-Fabrik  A-G,  Dottikon.  The 
same  plant  manuf  Gelatine- Aldorfit.  Other 
Swiss  AN  expls  are  Gamsit  and  Telsit  Y)J. 
Taylor,  "Solid  Propellent  and  Exothermic 
Compositions,”  Interscience,  NY(1959),  US- 
20  lists  the  following  ball-milled  powder:  AN 
78.5,  KN03  9.0,  anhyd  Amm  oxalate  6.9  and 
Aram  bichromate  5.6parts  with  0.7p  China  clay 
added  as  a compn  proposed  for  propulsion  of 
the  reciprocal  energetic  "William  & James” 
motor,  and  with  2.5p  China  clay  added  as  a 
compn  proposed  for  driving  a rotary  blower 
motor  Z)Spencer  Chemical  Co,  Kansas  City, 
Missouri  reports: "Ammonium  Nitrate  Explo- 
sives for  Underwater  Applications”,  Jan  18, 

I960  and  "Safety  Data”,  Feb 4,  I960  obtained 
through  the  courtesy  of  Mr.  S.J. Porter  give  some 
expl  properties  of  Spencer  AN  expls,  such  as 
94/6-N-IV  Prilled  AN/Fuel  oil  No  2.  These 
expls  are  the  least  sensitive  of  all  military 
expls  and  of  some  commercial  expls,  such 
as  40%  dynamite,  Nitramite,  Nitramon  A,  etc 
The  enclosed  table  gives  some  properties 
of  typical  Spencer  expls,  as  compared  with 
those  of  TNT,  dynamite,  etc.  In  all  cases, 
Spencer  expls  were  initiated  by  the  Pentolite 
booster (675  g) 


A354 


Charge 

Density, 

Cook-Off 
T e mp 

Deton 
Veloc  ity, 
m/ sec 

Wox-Gap, 

Impact-Friction  Pendulum 
Drop  Number  Exploded 

Height,  to  Total  Samples 

Exptosi  ve 

g/ee 

(ave  ) 

(max) 

inches 

feet 

N— IV  Prill  with  0.90 

270 

2,490 

0 

3^ 

0/5 

6%  Fuel  oil 

0.95 

- 

2,010 

4 

- 

- 

Ditto,  coated 

0.90 

270 

2,670 

0 

0/5 

with  3 % diato- 

0.87 

- 

2,220 

2 

— 

- 

maceous  earth 
N— IV  Prill 

0.86 

292 

No  detonation 

3M 

0/10 

without  oil 
Nitramite 

— 

255 

_ 

_ 

3^ 

2/4 

Nitramon 

- 

239 

- 

- 

3^2 

3/6 

40%  gelatin 

— 

— 

— 

Yi 

42/42 

extra  dynamite 
TNT 

240  & 260 





1 
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Notes: 

a)’’Cook-Off” 

Temperature 

is  the  temp  at 

which  the  material  decomp  by  heat 

and  this  provides 

a measure  of  its  thermal  sensitivity.  In  the  test  conducted  at  the  Spencer  Chem  Co,  a sample 
was  placed  in  steel(or  aluminum)  cylindrical  oven,  2%"  long  and  ID  and  sealed  with  a threaded 
plug.  The  oven  was  wrapped  with  nichrome  resistance  wire  and  insulating  asbestos.  Elec  energy 
surmlied  to  the  resistance  wire  raised  the  temo  of  the  oven  at  the  rate  of  13  to  1*5°  Der  min  and 

l r • " i 1 

was  measured  by  a thermocouple  and  galvanometer.  The  point  at  which  the  material  decompd  was 
noted  by  a sharp  rise  in  temp(caused  by  the  energy  release  on  decompn)  and  usually  an  audible 
reaction  b)Detonation  Velocity  was  detd  with  the  apparatus  using  the  Beckman-Whitley  High- 
Speed  Framing-Camera.  This  test  was  conducted  in  conjunction  with  the  ’’Wax-Gap"  test 
c)Wax-Gap  Test.  In  this  test  a Shelby  steel  seamless  tube(2"  ID,  36"  long  and  0.120"  wall  thick- 
ness) was  closed  at  the  bottom  with  paper  tape  and  charged  to  near  the  top  with  the  test  expl. 
Acrawax  plugs  of  the  same  diam  as  the  tube  and  of  varying  thicknesses  may  be  placed  on  top  of 
the  charge.  Two  elec  wires(connected  to  the  deton  velocity  app)  were  inserted  in  the  charge, 
one  near  the  middle  of  the  tube,  marked  "Start”  and  the  other  near  the  bottom  of  the  tube  marked 
’’Stop*  * . The  charge  was  detonated  by  a No  6 elec  blasting  cap  and  pentolite  booster! cylinder 
2 * 8",  weighing  675  g),  placed  on  top  of  the  Acrawax.  If  no  deton  took  place  with,  say  a 4"  wax 
thickness,  the  test  was  repeated  with  a thinner  wax  and  so  on  until  a complete  deton  of  charge 
was  produced.  When  no  deton  was  produced  with  any  thicknesses  of  wax  and  only  without  wax, 
the  gap  was  marked  as  0.  Those  expis  that  were  detond  through  longer  wax-gaps  were  considered 
more  sensitive  d)Impact-Friction  Pendulum  used  by  the  Spencer  Chemical  Co  consists  essenti- 
ally of  a hammer  with  a 9_ft  handle  and  a 400-lb  head.  The  hammer  delivers  energy  to  an  expl 
sample  by  falling  a specified  distance  before  striking  the  sample.  Variations  in  energy  delivered 
are  achieved  by  adjusting  the  height  from  which  the  hammer  is  released.  The  hammer  is  drawn  to 
this  height  in  an  arc,  by  an  electric  winch  and  released  from  a distance  by  a lanyard  connected  to 
a trigger 
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AMMONIUM  NITRATE  DYNAMITE  (AND) 
OR  AMMONIA  DYNAMITE 
(AMMONDYNAMIT,  IN  GER) 


A type  of  "straight”  (powdery)  dynamite 


m mk  t rk  11  i-a  r\(r  1 1 n n tf » 

W VI  AA^|  1*4  1.* 
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NG  + antifreeze  additives)  is  replaced  by 
AN  and  the  remaining  nitric  ester  acts  as  a 
sensitizer  for  the  insensitive  AN.  These 
expls,  which  originated  in  the  USA  about  50 
years  ago, are  notable  for  their  heaving  rather 
than  shattering  effect  and  their  strength  is 


u^ul  ' stj  m 


AND’s  have  been  used  for  blasting  soft 
rocks,  clays  and  for  earth  excavations.  They 
are  not  suitable,  however,  for  use  in  coal 
mining  except  "strip-mining"  , called  "open- 
cast mining’  ’ by  the  British 


The  included  table  vives  comDns  of  tvoical 

c?  a vi 

American  AND’s-: 


AND’s  were  also  used  in  some  European 
countries  and  compn  and  props  of  some  of 
these  AND’ s are  given  in  the  tables  shown 
on  top  of  the  next  page 

Some  AND’ s were  used  for  military  pur- 
poses, such  as  demolition,  excavation  and 
cratering  work 

DuPont  Co,  Wilmington,  Del  has  been 
manufg  severed  brands  of  ammonia  dynamites, 
such  as  "DuPont  Extra’  ’ , "Red  Cross  Extra’  ’ , 
* *P.cd  Cross  Blasting  FR*  * etc.  $on)s  of  thsir 
props  are  given  in  Ref  8,  but  their  compn  seems 
to  be  a trade  secret 

According  to  Stettbacher  (Ref  7),  the  Ger  AN 
expls  contg  more  than  4%  of  NG  were  not  con- 
sidered as  safe  for  use  in  coal  mines.  The 
n am  ^ ' Ammon salDerersDren vstoffe”  was  anolied 

' ' L O l l 

onlv  to  AN  expls  contg  not  more  than  4%  NG 
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Designation  and  Strength 


Compo  si  t ion(%) 
and  some 
properties 

American 

American  1 

AV/O  VV/O 

‘Ordinary1  f 

iA©  enar 

■tv  /n  ^y/o 

60% 

Ameri 

30% 

con  Low-Freezing 

in « c/vs  /Ltiar 

nr  wv/d  wvro 

Monobel 

(pormissi- 

jj!s  USA) 

NG 

9.50 

9.50 

12.0 

12.6 

16.5 

16.7 

22.5 

13 

17 

21 

27 

10 

NGc,  NSug  etc 

- 

- 

- 

- 

- 

- 

- 

3 

4 

5 

6 

- 

A mm  nitrate 

79.45 

69.25 

11.8 

25.1 

31.4 

43.1 

50.3 

15 

20 

25 

30 

80 

Na  nitrate 

- 

10.20 

57.3 

46.2 

37.5 

25.1 

15.2 

53 

45 

36 

27 

- 

Carbonaceous 

fuel 

9.75(a) 

9.65(a) 

10.2 

8.8 

9.2 

10.0 

8.6 

15(b) 

13(b) 

12(b) 

9(b) 

10 

Sulfur 

- 

- 

6.7 

5*4 

3.6 

3.4 

1 / 

1 . U 

- 

- 

- 

- 

- 

Anti-acid 

0.40 

0.50 

1.2 

1.1 

1.1 

0.8 

1.1 

1 

1 

1 

1 

- 

Moisture 

0.90 

0.90 

0.8 

0.8 

0.7 

0.9 

0.7 

- 

- 

- 

- 

- 

Density,  g/cc 

- 

- 

1.30 

1.31 

1.28 

1.26 

1.28 

- 

- 

- 

-• 

- 

Rate  of  detoo, 
m/see 

- 

- 

2700 

- 

3300 

3900 

4600 

— 

- 

— 

— 

— 

Ballistic 
pendulum, 
% TNT 

' 

' 

89 

91 

99 

109 

' 

Lead  block  ez- 

— 

- 

19.9  - 

27.5 

— 

34.7 

■ - 

- 

- 

- 

- 

pansion,  cc  per/ 
g sample 


(a) 


'Cintu3ii k j a «i->  Ayi  a. i ^ such  ^ s v.'ocd  p !p  f I Aur\  Annt a in^H  n i ^ a f ctparp  nt 

oil  which  was  added  to  AN  to  counteract  its  hygroscopic ity 

The  carbonaceous  combustible  material  of  these  Amer  dynamites  was  mired  with  some  sulfur 
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EUROPEAN  AND’ s 


Composition,  % 

Designation 
of  AND 

NG 

Amm 
n itrate 

Na  Wood-  or 

nitrate  cereal-meal 

Charcoal 

French  1 

40 

45 

5 10 

- 

French  2 

20 

75 

5 

-■ 

French  3 

22 

75 

- 

3 

NG  powder(Brit) 

10 

80 

10 

- 

EUROPEAN  AND’s 

P roperties 

Design  ation 

Density, 

g/cc 

Ob  to 
C02,  % 

Pb  block  expan- 
sion, cc/10  g 

P b bloc  k cru 

Ing,  mm 

French  1 

1.38 

+0.75 

400 

22.0 

French  2 

1.20 

+9.7 

335 

15.5 

French  3 

1.33 

+7.8 

330 

16.0 

NG  powder(Brit) 

1.0 

— 

Power:  78%  of  blasting  gelatin 

These  expls  were  also  called  1 'Sicherheits- 
sprengstoffe”  . [See  also  pp  6 and  177  in 
PATR  2510  (1958)] 

Refs:  (1)  C Hall,  W.  O.  Snelling  & S.  P. 

Howell,  "Investigation  of  Explosives  Used 
in  Coal  Mines’  ’ , US  Bur  Mines  Bull  15, 
Washington,  DC  (1912),  pp  171  & 173 
(2)  C.  A.  Taylor  & Wm.  H.  Rinkenbach, 


"Explosives,  Their  Materials,  Constitution 
and  Analysis”  , US  Bur  Mines  Bull  219,  Wash- 
ington (1923),  p 133  (3)  Naoum,  NG  (1928) 

285-6  (4)  Marshall,  v 3 (1932),  107 

(5)  Bebie  (1943),  22  (6)  Davis  (1943),  341 

& 351  (7)  Stettbacher  (1948),  p 86  (8) 

Blasters  Handbook  (1952),  59-62  (9)  Dept 

of  the  Army  Tech  Manual,  TM9-1910  (1955), 
205-6  (10)  Taylor  and  Gay  (1958),  p 26 
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AMMONIUM  NITRATE  EXPLOSIONS 
FIRES  AND  HAZARDS 


Glauber,  who  first  prepd  AN  in  1659, 


)mpd 


because  it  evolved  luminous  gas  when 
heated  but  did  not  explode.  In  1835  Turner 
(Ref  1)  stated  that  when  AN  is  exposed  to 
fire  it  liquifies,  emits  aq  vapor  and  deto- 
nates. However,  Berzelius  reported  that  when 
AN  is  heated  to  about  300°  (572° F)  or  drop- 

- i „ _i — : u-..  — i 

ptu  uiuu  a giw  wiu  g iiu  u vtuwuit.^  il  tyuiu  a ttiui 

a weak  hissing  noise  and  a yellow  flame 
(Ref  2).  About  the  same  time  Gmelin  (Ref  3) 
also  observed  that  if  AN  is  thrown  on  a red- 
hot  porcelain  plate,  it  burns  with  a pale  yel- 
low light,  produces  a very  slight  noise  and 
gives  off  HjO,  nitrous  acid  and  nitrogen. 

A J T ^ V i A VT I 
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thrown  on  red-hot  charcoal  (Ref  15);  with  pure 
AN,  explosion  does  not  occur  (Ref  80) 


The  value  of  AN  as  an  explosive  was 
recognized  in  1867  when  Ohlsson  and  Norr- 
bin  patented  a mixt  of  it  with  organic  fuels 
such  as  charcoal,  sawdust,  naphthalene,  ni- 
trobenzene etc  (Ref  49).  These  mists  were 
difficult  to  detonate  until  Nobel  added  NG  to 
them.  When  unconfined,  such  mists,  called 
"extra  dynamites'*  could  be  burned  without 
detonation  if  spread  in  a thin  layer  or  if  the 
end  of  the  cartridge  were  ignited 


In  1883  Berthelot  listed  AN  as  an  explo- 
sive and  showed  that  one  g-mol  of  AN  liber- 
ated 10.3  kcal  of  heat  when  undergoing  incom- 
plete decompn  and  30.7  kcal  when  completely 
confined  (Refs  4,  6).  According  to  Berthelot, 
the  probable  equation  of  detonation  is; 
2NH4NOj“  2N2  + 4H20  + 0lf  because  this  re- 
action developed  the  highest  temp.  Brunswig 
(Ref  7)  stated  that  the  above  reaction  occur- 
red as  the  result  of  sudden  heating  of  AN  to 
a very  high  temp  under  great  pressure,  and 
actually,  can  be  effected  only  with  the  aid  of 
a strong  detonator.  Tne  reaction:  2NH4NO,  - 
2NO  + Na  + 4HaO  occurred  as  the  result  of 
insufficient  initial  impulse,  as  with  a weak 
detonator 


In  1921  Krase  et  al  (Ref  8)  reported  that 
the  decompn  of  AN  proceeds  at  an  apprecia- 
ble rate  at  210u  and  is  accompanied  by  the 


evolution  of  heat  in  accordance  with  the 
mu  ma  _ M j.  iu  r i a n <rn  a 
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29,5  kcal.  The  exothermicity  of  this  equation 
accounts  for  the  explosive  properties  of  AN. 
Rosendahl  in  the  same  year  (Ref  9)  stated 
that  when  AN  was  heated  above  its  melting 
point,  decompn  into  HaO  and  NaO  was  great- 
est at  about  200°.  This  decompn  was  local 


subjected  suddenly  to  a high  temp  such  as  is 
obtainable  only  with  other  expls,  it  can  be  ex- 
ploded. The  decompn  of  AN  by  heat  was  stud- 
ied also  by  Saunders  (Ref  18),  who  observed 
that  at  some  temp  near  300°  the  decompn 
proceeds  explosively.  Fodtansperg  (Ref  13) 
stated  in  1922  that  even  when  large  masses  are 


ignited,  AN  burns  quietly  without  expln.  Al- 
though Kast  (Ref  31)  found  that  when  AN  was 
heated  above  300°  there  resulted  an  evolution 
of  heat  at  an  accelerated  rate  followed  by  expl 
decompn,  the  work  at  Neubabeisberg  (Rev  32) 
showed  that  AN  could  not  be  detonated  when 

Cukiprfprl  fr»  fke  kpaf  /if  l-kprm  ifp  rtr  w rtn /-?  f 1 c 

The  findings  of  Kaiser  (Ref  40),  who  studied 
the  explosiveness  of  molten  AN,  showed  the 
followi  ng  reaction  to  take  place  at  200  to 
260°:.  4NH4NO,  - 2NHS  + 3NOa  + NO  + Na  + 
5HaO  and  although  this  reaction  is  endother- 
mic, Kaiser  showed  that  the  gaseous  products 

ri\uM  ott(nI  Arlo  Tn  r>nn^l*d  I fka  f i»c  /if 


Kaiser  were  in  agreement  with  independent 
studies  made  by  Shah  and  Oza  (Ref  36)  and 
Kretzschmar  (Ref  38),  who  also  studied  the 
thermal  decompn  of  AN.  In  1936  Torsuev 
(Ref  41)  accepted  the  point  of  view  that  any 
deton  of  AN  which  is  caused  by  thermal  de- 

VU*Ui^/U  iVOUlLk?  LiVlU  UAL  LA^iVOltl.  UCCVUI^ll  V/4 

the  NaO  formed  at  the  beginning  of  the  reac- 
tion. Abinder  (Ref  42)  in  the  same  year  found 
that  no  expln  resulted  when  samples  of  53  and 
1110  lbs  of  AN  (loose  and  packed  in  bags, 
barrels  or  boxes)  were  burned  in-an  open  flame. 
The  temp  of  combustion  was  found  to  be  be- 
1 AW  Qfin°  f^pp  Nn tp  n A 36^ 
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Although  Parisot  (Ref  46)  in  1939  summa- 
rized the  findings  of  other  workers  as  estab- 
lishing that  AN  cannot  be  detonated  by  either 
direct  heating  or  heating  in  an  open  vessel, 
Nuckolls  (Ref  48)  stated  chat  AN  can  be  ex- 
ploded at  high  temp  under  certain  conditions, 
but  that  this  was  not  accomplished  readily. 

In  1945  Davis  (Ref  51)  observed  that  under 
favorable  conditions  of  pressure,  rapid  heat- 
ing and  retention  of  heat,  AN  may  be  exploded 
when  heated  to  approx  300°.  Davis  and 
Hardesty  (Ref  52)  also  emphasized  the  fire 
hazard  of  AN,  but  referred  to  the  expln  haz- 
ard only  obliquely.  Summarizing  the  foregoing, 
it  must  be  admitted  that  the  literature,  up  to 
this  time,  was  confusing  and  to  some  extent 
contradictory  with  respect  to  the  fire  and 
expln  hazards  of  AN,  Fortunately,  more  recent 
studies  of  the  mechanism  of  expln  of  AN  have 
been  made  by  Delsemme  (Ref  68),  and  kinetic 
studies  relative  to  its  rates  of  explosive  de- 
compn  and  hazardous  behavior  have  been 
made  by  Henkin  & McGill  (Ref  71),  Hamer 
(Ref  77)  and  Burns  et  al  (Ref  74) 

Between  1896  and  1948  there  occurred  about 
eighteen  fires,  serious  explosions  and  dis- 
asters in  which  AN  was  involved  (Ref  61).  Of 
these,  five  were  fires  only  and  thirteen  in- 
volved accidental  explosions  of  various  de- 
grees of  severity.  A list  of  these  incidents, 
together  with  a resume  of  the  conditions,  and 
a complete  bibliography  of  the  fire  and  ex- 
plosion hazards  of  AN  have  been  reported  by 
Scott  and  Grant  (Ref  61).  Other  reports  on  the 
fire  and  explosion  hazards  of  AN  have  been 
made  by  Sherrick  (Ref  21),  Munroe  (Ref  25), 
Nuckolls  (Ref  48),  Davis  (Ref  51)  and  Whet- 
stone & Holmes  (Ref  53) 

A disastrous  expln  of  1,000,000  lbs  of  AN 
occurred  during  crystn  in  October,  1918  at 
the  Morgan  Plant  of  the  T,  A.  Gillespie  Co 
in  New  Jersey.  Other  explosions  at  the  Oak- 
dale and  Repauno  plants  had  occurred  in  1916 
during  the  evapn  process.  These  explns  were 
attributed  to  the  presence  of  organic  impuri- 
ties. However,  a fire  occurred  on  board  the 


SS  "Halfried*  ’ at  Brooklyn  on  Apr  14,  1920 
in  which  about  half  of  over  4,000,000  lbs  of 
AN  was  consumed  without  expln  (Ref  62), 

On  July  26,  1921  two  carloads  of  99«3%pure 
AN  exploded  at  the  AG  Lignose  factory  in 
Germany  while  being  loaded  and  presumably 
being  broken  up  by  blasting  (Ref  14).  The 
most  disastrous  expln  involving  AN  that  has 
occurred  to  date  was  at  Oppau,  Germany  on 
Sept  21,  1921,  when  9,000,000  lbs  of  a raixt 
of  AN  & (NH«)aS04  detonated,  killing 
more  than  1,000  people  and  leaving  a crater 
250  ft  in  diam  and  50  ft  deep  (Refs  10,  11 
16,  18).  The  Oppau  explosion  aroused  the 
world  to  a new  awareness  of  the  explosibil- 
ity  of  AN,  since  (NH4)2S04  is  not  an  explo- 
sive. Although  the  exact  cause  was  never 
determined,  it  was  suspected  that  blasting 
of  the  caked  material  into  lumps  was  the 
cause  although  thousands  of  similar  blast- 
ing operations  had  been  carried  out  before. 
The  mixt  of  salts  had  been  assumed  to  be 
insensitive  to  detonation,  but  many  subse- 
quent investigations  showed  that  a mixture 
of  equal  parts  of  AN  & (NH4)2S04  can 
detonate  with  a velocity  as  high  as  1400  m/s 
(Refs  26,  44,  73),  and  that  sensitivity  of  the 
nitrate  to  detonation  increases  with  an  in- 
crease in  temp  (Refs  27,  29).  It  has  been 
shown  also  that  the  effect  of  an  increase  in 
density  of  AN  varied  with  the  degree  of  con- 
finement (Refs  21,  22) 

Kast  (Ref  30)  studied  the  sensitiveness  to 
impact  and  heat  of  AN,  AN/salt  mixts  and 
AN/combustibles  mixts.  He  reported  in  1926 
that  the  presence  of  up  to  30%  of  (NH4)2S04 
has  practically  no  effect  on  the  explosibility 
of  AN,  aad  that  sensitiveness  to  impact  as 
well  as  to  heat  increases  with  increasing 
amounts  of  KMn04  in  AN  mixts.  Naoum  and 
Aufschlager  (Ref  26)  had  found  in  1924  that 
mixts  of  AN  with  (NH4)2$04  were  explo- 
sive, but  with  increasing  amts  of  sulfate 
deton  became  more  difficult.  An  intimate 
mixt  of  equal  parts  of  dry,  powd  nitrate  and 
sulfate  were  detonated  by  an  extremely 
strong  impulse  only.  Torsuev  (Ref  41)  in 
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agreement  with  Kast,  observed  that  addition 
°f  (NH4)2S04  rendered  AN  less  sensitive 
and  dangerous.  Blinov  (Rev  44)  criticized 
the  results  of  Torsuev  and  showed  that  it  is 
possible  to  ignite  nitrate-sulfate  mixts  with 
a Bickford  fuse;  and  he  detonated  them,  as 

L „ J XT ] A ._/ L.  1 M . * l__ I 
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the  ingredients  were  pulverized  and  thor- 
oughly mixed.  The  effects  of  the  following 
other  inert  and  inorganic  additives  on  AN 
have  been  reported:  KC1  (Refs  19»  30),  acids 
(Refs  39,  76),  H,0  (Ref  68),  H,0  & Fe 
(Ref  42),  Fe,  Cu,  Al,  brass,  Zn,  & stainless 
/ u „ f Ki\  v r.  r\  tn-t  a*\ 
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inorg  coating  (Ref  70)  and  chalk  (Ref  72). 
Stengel  and  Broadhacker  (Ref  75)  proposed 
preventing  phys  disintegration  of  AN,  pro- 
duced from  NH,  and  HNOj,  by  adding  to  the 
HNOj  used  sufficient  Ha  S04  to  yield  a prod- 
uct contg  0.25-5.0%  (NH4S04.  The  sulfate 
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AN  after  its  formation.  Comparative  tests 
made  by  alternately  heating  and  cooling  10  g 
samples  between  22  and  55°  showed  that 
80  to  100%  of  pure  AN  disintegrated  into 
particles  having  less  than  % the  size  of 
those  originally  present;  but  samples  con- 


taining 2%  (NH4)j304  showed  no  di since gratimi 


Later  incidents  of  fire  or  expln  involving 
AN  were  the  burning  of  two  carloads  of  this 
material  in  transportation  from  Muscle  Shoals, 
Alabama  (Ref  28).  Bashford  (Ref  23)  de- 
scribed an  explosion  at  Nixon,  N J and  at- 
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Shreve  (Ref  35)  described  an  explosion  that 
took  place  during  the  graining  of  AN  at  a 
plant  of  the  Ammonite  Co,  but  no  explanation 
of  the  cause  was  given.  Fire  and  expln  at 
Roseburg,  Oregon  is  described  in  Ref  79 

At  Brest,  France,  a shipload  of  6,600,000  lbs 
of  AN  exploded  on  July  28,  1947,  killing  21 
persons,  injuring  100  others  and  doing  major 
damage  for  a distance  of  three  miles  (Refs  61 
& 78).  Another  cargo  of  AN  fertilizer  (FGAN) 
(2280  tons)  on  the  SS  Grandcamp  at  Texas 
City,  Texas,  detonated  on  Apr  16,  1947  and 
set  off  a series  of  fires  and  explosions  that 


led  to  the  deton  (16  hours  later)  of  960  tons 
of  FGAN  on  the  SS  High  Flyer  berthed  600  ft 
from  the  Grandcamp  (Refs  59,  64,  66).  These 
explosions  took  the  lives  of  over  600  per- 
sons, injured  300  others  and  caused  property 
damage  of  over  $58,000,000.  US  Bureau  of 
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12  hours  after  the  initial  expln,  investigated 
the  disaster  and  prepared  a detailed  descrip- 
tion of  the  event.  Suggestions  were  given  for 
prevention  of  such  accidents  in  the  future 
(Ref  64).  Investigations  of  different  phases 
of  this  disaster  were  made  at  Picatinny 


Bureau  of  Explosives  of  the  Amer  Assoc 
Railroads  and  the  National  Board  of  Fire 
Underwriters.  Detailed  accounts  of  these 
investigations  are  given  in  a number  of  re- 
ports (Refs  54,55,  56,  59,  62,  66).  It  has 
been  accepted  generally  that  the  fire  on 
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careless  handling  of  lighted  cigarettes  on 
the  part  of  stevedores  engaged  in  loading  the 
cargo,  and  that  other  possible  origins  were 
highly  improbable.  The  paper  bags  contain- 
ing the  FGAN  were  not  marked  to  indicate 
the  hazardous  nature  of  the  material,  the 
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the  danger  in  the  presence  of  fire  and  the 
captain  of  the  ship  did  not  enforce  the  regu- 
lations against  smoking  in  the  hold  of  the 
ship.  In  May,  1947  the  Secy  of  the  Treasury 
appointed  an  interagency  committee  to  de- 
velop additional  information  relative  to  the 
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handling  and  storage  of  AN  and  recommend 
a national  safety  policy  in  this  connection. 
In  1947,  the  interagency  committee  issued 
two  of  three  parts  of  its  report  (Refs  57,  58) 


Irrespective  of  the  origin  of  the  fire  on  the 
Grandcamp,  the  following  surmises  were 
offered  as  possible  explanations  of  the  trans 
formation  of  combustion  of  the  nitrate  and 
paper  into  detonation  (Ref  62):  a)  abnormal 
sensitivity  of  FGAN  b)  impact  of  falling 
steel  members  on  molten  FGAN  c)  addition 
of  steam  to  the  gaseous  combustion  products 
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in  the  hold  d)  entry  of  fuel  oil  from  adjacent 
tanks  and  its  admixture  with  FGAN  to  form 
a sensitive  explosive  e)  initiation  by  the 
fire  of  smal  1-arras  ammunition  adjacent  to  the 
hold  in  which  fire  occurred  0 formation  of 
gaseous  products  of  combustion  or  thermal 
decompn  which  were  explosive  and  detonated 
upon  ignition  after  reaching  a lower  limit 
of  concentration  and  g)  transformation  of 
combustion  into  detonation  as  a result  of  in- 
creasing gas  pressure  due  to  conditions  of 
partial  confinement.  Each  of  these  possible 
causes  was  evaluated  with  respect  to  its 
probability  as  the  cause  of  an  explosion 

PicArsn  and  BurMines  data  on  sensitivity 
and  some  other  expl  properties  of  FGAN  and 
pure  AN  (Refs  59  & 62)  were  as  follows: 


PA  Impact  Test,  2 kg  wt,  inches 

At  25° 

At  90°  (molten  TNT) 

At  175°(molten) 

Pendulum  Friction  Test,  steel  shoe 

Unaffected  in  10  trials 

Explosion  Temp  Test 

3 sec 
5 sec 

Rate  of  Deton,  m/sec 

At  25° 

Molten 

The  above  data  show  that  FGAN  is  not  ab- 
normally sensitive  to  initiation  by  impact, 
friction  or  heat,  but  the  molten  FGAN  is  much 
more  sensitive  than  the  cryst  material.  How- 
ever, a 5 2-lb  wt  allowed  to  fall  10  ft  on  a 
mist  of  molten  FGAN  and  bagging  paper  con- 
fined in  a steel  tube  caused  no  expin.  The 
impact  on, and  immersion  in  similar  mixes  of 
burning  wood  or  charcoal  also  failed  to  cause 
deton  of  FGAN.  The  probability  of  expln  by 
impact  oq  molten  FGAN  appears  to  be  unlikely 


The  injection  of  steam  into  the  hold,  as 
was  done  aboard  the  SS  Grandcamp,  was  not 
a logical  cause  of  the  expln.  This  was  not 
done  aboard  the  High  Flyer.  Steam  is  one  of 
the  major  products  of  decompn  or  expln  of 
AN  and  is  not  reactive  with  the  nitrate.  Steam 
should  retard  rather  than  accelerate  the  de- 
com^n  of  molten  FGAN,  and  its  wetting  ef- 
fect ion  paper  bagging  should  tend  to  retard 
the  burning  of  this.  The  possible  effect  of 
fuel  Pil,  which  might  have  soaked  into  FGAN 
and  formed  a sensitive  explosive  mixture, 
was  also  considered.  Tests  at  PicArsn  (Ref  59) 
showed  no  reactivity  between  fuel  oil  and 
FGAN  even  at  120°.  Numerous  investigators 
have  studied  the  effects  of  organic  combusti- 
bles on  AN,  for  example:  TNT  (Refs  12,  24, 

43,  30),  petrolatum  or  paraffin  (Refs  24,  42, 


FGAN 

AN 

TNT 

30 

31 

14 

- 

- 

3 

. 12 

12-13 

10 

10 

10 

333-85 

325 

— 

— 

47  5d 

1350 

1190 

6800 

2109 

— 

- 

44,  47,  67,  69),  petrolatum-ro sin-paraffin 
(PRP)  (Refs  51,  52,  72),  combustibles  such 
as  wood  pulp,  etc  (Refs  17,  20,  30,  34,  42, 
63,  70,  74)  and  other  organics  (Refs  37,  41, 
60).  In  general,  it  has  been  found  that  such 
mixts  are  only  slightly  more  sensitive  than 
AN  itself.  Elliott  (Ref  63)  made  an  investi- 
gation of  an  expln  that  occurred  during  evapn 
by  air  agitation  of  an  AN  solution  in  a high- 
pan  with  the  possibility  that  lubricating  oil 
in  the  air  compressor  might  have  passed 
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through  the  air  filter.  His  tests  showed  that 
no  rapid  exothermic  reaction  took  place  in 
mixts  of  compressor  oil  and  AN  at  temps  be- 
low 250°.  Tests  also  showed  that  highly  con- 
fined AN  at  146°  could  be  detonated  by  means 
of  a No  8 detonator,  but  not  when  the  AN  was 
at  21°.  The  possibility  that  fuel  oil  may  have 
been  a factor  in  causing  the  Texas  City  ex- 
plosion was  dismissed  as  negligible 

Since  there  were  16  cases  of  small-arms  am- 
munition in  a hold  of  the  Grandcamp  adjacent 
to  that  in  which  the  fire  started,  their  initia- 
tion and  sympathetic  deton  of  the  burning  cargo 
have  been  suggested  as  being  responsible  for 
the  expln.  As  small-arms  ammunition  contains 
no  HE  charge  and  the  propellant  charges  are 
small  and  separated  by  cartridges,  fire  involv- 
ing the  ammunition  should  result  only  in  the 
combustion  and  low-order  expln  of  the  charges, 
with  high-order  deton  of  these  only  a remote 
possibility.  Also,  there  was  a heavy  steel 
bulkhead  between  the  two  holds,  and  the  trans- 
mission of  such  an  explosive  wave  through 
this  would  be  improbable.  However,  Abinder 
(Ref  42)  found  in  1936  that  a shell  loaded  with 
AN  and  detonated, did  transmit  the  deton  by 
influence  to  other  shells.  The  fact  that  a simi- 
lar explosion  following  a fire  took  place  on 
board  the  High  Flyer,  which  had  no  small-arms 
ammunition  cargo  aboard,  disposes  of  this 
possible  explanation  of  the  explosion  on  the 
Grandcamp 

Sherrick  (Ref  21)  suggested  in  1924  that  the 
expl  decompn  of  nitrous  oxide,  a product  of 
the  decompn  of  AN,  or  its  mixt  with  carbon 
monoxide,  might  be  capable  of  causing  the 
deton  of  AN.  Mixts  of  equal  vols  of  nitrous  ox- 
ide and  carbon  monoxide  were  detonated  by 
me? ns  of  an  electric  spark  by  Berthelot  and 
Vieille  (Refs  5&33)»  who  found  the  rate  of 
deton  of  the  mixt  to  be  1106  m/s.  As  would  be 
expected,  some  carbon  monoxide,  as  well  as 
carbon  dioxide,  was  produced  by  the  burning 
of  a.  mixt  of  FGAN  and  bagging  paper  in  tests 
made  at  Pic  Arsn  (Ref  59).  In  laboratory 
tests,  the  gaseous  phase  produced  by  heating 
the  mixt  at  175°  underwent  expln,  but  whether 


the  residual  solid  material  was  detonated 
could  not  be  determined.  It  can  be  postulated 
that  as  the  burning  of  paper  and  wood  dunnage 
progressed,  the  concn  of  nitrous  oxide  and 
carbon  monoxide  could  increase  until  the 
limit  of  inflammability  was  reached,  when 
deton  of  this  would  occur  and  cause  deton  of 
unburned  FGAN 

The  final  surmise  as  to  the  cause  of  trans- 
formation of  fire  into  expln  aboard  the  Grand- 
camp was  an  increase  in  gas  pressure  due  to 
a condition  of  confinement.  In  an  effort  to 
simulate  the  conditions  existing  in  the  hold 
of  the  Grandcamp,  small  and  intermediate 
scale  tests  in  bomb  cases  were  made  at  Pic 
Arsn  and  Aberdeen  Proving  Ground.  These 
indicated  that  a certain  minimum  gas  pressure 
must  be  developed  before  the  deton  of  a burn- 
ing FGAN-paper  mixt  can  take  place  (Ref  65). 
Charges  of  2,000  and  3,000  lbs  of  bagged 
FGAN  in  12,000  lb  T10  Bomb  cases  underwent 
only  burning  when  some  degree  of  venting  was 
provided.  However,  when  confinement  was 
complete,  deton  of  the  entire  charge  occurred 
after  64  min  of  heating  of  an  attached  auxiliary 
tube  contg  approx  8 lb  FGAN  and  bagging 
paper  and  also  after  only  45  sec  of  burning  of 
a mixt  of  FGAN,  excelsior  and  kindling  in  the 
center  of  the  bomb  charge.  It  was  calculated 
that  the  gas  pressure  at  the  instant  of  expln 
was  not  greater  than  235  psi  in  the  case  of 
the  charge  that  detonated  in  45  sec,  approx 
75  psi  or  less  for  the  auxiliary  bomb  that 
detonated  in  64  min  and  approx  22  psi  for  the 
vented  bomb  in  which  the  FGAN-paper  charge 
burned  for  120  min  without  expln.  Branconier 
and  Delsemme  (Ref  72)  found  that  it  is  neces- 
sary to  have  sufficient  confinement  to  build 
up  a pressure  of  1400  psi  in  order  to  cause  the 
expln  of  AN  solely  by  heating.  If  the  AN  is  not 
stabilized  or  has  a coating  of  thePRP  type, 
the  minimum  pressure  required  for  expln  is  only 
42  psi 

In  the  hold  of  the  Grandcamp,  the  condition 
of  confinement  was  one  of  venting,  as  the  hatch 
was  open  at  the  instant  of  explosion.  Whether 
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a gas  pressure  of  42  psi  could  be  developed 
under  this  condition  or  whether  the  hull  of 
the  ship  could  have  withstood  this  much  pres- 
sure is  not  known.  There  is  the  possibility 
that  collapse  of  part  of  the  burning  mass  could 
have  produced  a localized  pressure  of  42  psi 
or  more  and  caused  transformation  of  burning 
in  this  region  into  detonation  which  was  then 
transmitted  to  the  rest  of  the  FGAN  in  the 
hold 

In  conclusion,  it  might  be  said  that  most  of 
the  investigators  of  AN  prior  to  the  Texas 
City  disaster.recogni zed, especially  after  the 
Oppau  disaster, that  this  compound  may  be 
exploded  by  impact  or  a powerful  detonator, 
but  very  few  recognized  the  possibility  of 
exploding  it  by  heat  alone.  With  the  know- 
lege  of  the  explosibility  of  AN  acquired  after 
the  disaster,  it  is  now  known  that  AN  and 
mixtsof  it  with  organic  materials  and  even 
ammonium  sulfate  can  be  caused  to  detonate 
by  heating  under  conditions  of  confinement. 
With  this  knowledge,  the  problems  of  handling, 
storage  and  transportation  of  these  materials 
can  be  solved  by  controlling  conditions  so  as 
to  insure  safety  and,  in  spite  of  potential 
hazard,  prevent  accidental  explosions  similar 
to  those  at  Texas  City  and  Brest 
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and  Conflagration,”  Report  by  the  National  Board 
of  Fire  Underwriters,  New  York  38,  NY  (A 
truck-load  consisting  of  4 Vi  tons  of  blasting 
agent  called  Car-Prill  and  2 tons  of  40% 
dynamite  exploded  with  great  violence  at 
1:14  AM  on  August  7,  1959.  The  expln  which 
was  probably  initiated  by  the  intense  heat 
from  a fire  in  a nearby  warehouse,  killed  13 
persons,  injured  more  than  125  and  devas- 
tated the  downtown  section  of  Roseburg.  The 
Car-Prill  is  a trade-name  of  240  parts  AN 
(prilled),  12  parts  ground  walnut  shells  & 10 
parts  Diesel  oil.  It  belongs  to  the  class  of 
blasting  agents  known  as  Nitro-Carbo- 
Nitrates . These  mixts  are  less  sensitive  and 
less  powerful  than  dynamites  and  axe  used 
in  blasting  operations  around  quarries,  in 
strip-mining,  road  construction,  etc  80)S. J. 
Porter  et  al,  Spencer  Chemical  Company, 

Kansas  City,  Missouri;  private  communication 
(I960) 

Note:  Dr  R.D. Miller  of  Spencer  Chemical  Co, 
Kansas  City,  Missouri,  pointed  out  (private 
communication,  March  I960)  that  the  Inter- 
Agency  Rept  which  was  issued  after  Texas 
City  disaster  stated  that  two  reactions,  one 
endothermic  and  the  other  exothermic,  occur 
at  the  same  time: 

"AN  melts  at  about  170°  (338°F).  If  the  melt 
is  heated  to  about  210°(410°F)  in  an  open 
container  it  will  begin  to  decomp  into  NaO 
(the  "laughing  gas"  of  commerce)  and  HaO. 

This  reaction  produces  heat,  and  it  would, 
therefore,  ordinarily  be  expected  that  a mass 
of  decompg  AN  would  become  progressively 
hotter  and  decomp  at  an  accelerating  rate 
until  finally  the  decompn  would  become  expl. 
However,  a process  which  absorbs  heat  is 
going  on  at  the  same  time  as  the  heat-pro- 
ducing decompn  which  gives  N20  and  H20. 

This  process  includes  the  simultaneous 
vapzn  and  dissocn  of  AN  into  gaseous  NHj 
and  HNOj." 


AMMONIUM  NITRATE,  FERTILIZER 
GRADE  (FGAN) 

The  history  of  restoring  fertility  to  the 
soil  shows  that  in  500  BC  the  Celts  of  West- 
ern Europe  had  learned  the  virtues  of  lime, 
wood  ashes  and  compost.  However,  agri- 
cultural science  as  such  is  only  a hundred 
years  old.  The  foundations  of  soil  chemistry 
were  laid  down  in  1840  by  Justus  Liebig,  a 
German  chemist,  in  his  classic  text  "Organic 
Chemistry  in  its  Applications  to  Agricultural 
Chemistry”.  Complete,  mixed  fertilizers  em- 
bodying various  proportions  of  nitrogen,  phos- 
phate and  potash  were  virtually  unknown  in 
England  and  Europe  until  1925—30,  but  mixed 
fertilizers  dominated  the  American  market  al- 
though most  of  the  individual  ingredients 
were  imported  prior  to  World  War  II.  Both,  ni- 
trogen and  phosphorus  have  double  roles: 
they  are  plant  nutrients  and  materials  useful 
in  the  production  of  war  munitions  (Ref  24) 

Since  1930  increasingly  larger  quantities  of 
nitrogen  in  the  form  of  anhydrous  ammonia  and 
ammoniating  liquors  contg  mixts  of  AN- 
ammonia-water  or  urea-ammonia-water  have 
been  used.  Most  of  the  AN  used  as  fertilizer 
in  the  USA  is  applied  directly  to  the  soil.  AN 
shows  a marked  tendency  to  cake  and  absorb 
moisture  from  the  air  (Ref  27)  when  the  humid- 
ity exceeds  60%  at  ,30°.  A study  by  Gershtein 
(Ref  4)  of  the  hardening  and  caking  of  AN  in 
storage  showed  that  the  granulated  material 
with  a max  of  0.15%  HaO  does  not  cake  under 
any  storage  conditions;  with  a 0.4  to  0.5% 

HaO  content,  caking  is  excessive  at  temps 
above  31.5°,  while  a higher  H20  content 
(0.5  to  1.5%)  has  no  influence  on  the  degree 
of  caking.  The  rate  of  hardening  is  reduced 
sharply  by  an  increase  in  particle  size  and 
is  retarded  by  coating  die  nitrate  with  0.1% 
paraffin.  Gorshtein  also  describes  a series  of 
expes  on  producing  granulated  AN  and  mixed 
fertilizers  (such  as  AN  + (NH4)2S04  + CaO 
+ phosphorite)  employing  Kestner  evaporators 
and  crystallizers  (Ref  4) 


During  the  past  twenty  years  many  develop- 
ments of  AN  coatings  and  additives  for  im- 
proved moisture  resistance  have  been  dis- 
closed. For  instance,  Baker  (Ref  5)  reported 
a Ca  stearate  coating,  Cairns  (Ref  10)  the 
PRP  (paraffin,  rosin,  petrolatum)  coating, 
and  Winning  (Refs  11  & 12)  a pregelatinized 
starch  products  coating.  It  was  not  until 
1943  that  the  TVA  (Tennessee  Valley  Author- 
ity) developed  American  FGAN,  consisting 
of  AN  coated  with  1%  PRP  and  4%  kaolin 
dust  (Ref  15)*  The  method  of  prepn  of  Amer 
FGAN  is  described  briefly  under  "Ammonium 
Nitrate” . In  1945  the  US  Dept  of  Agric 
(Refs  13  & 14)  published  the  results  of  in- 
vestigations which  showed  the  fire  hazards 
of  FGAN,  but  no  definite  statement  was  made 
with  respect  to  its  explosibility  by  heat.  Pre- 
vious to  these  publications,  dynamite  manu- 
facturers for  many  years  practiced  the  coat- 
ing of  AN  with  up  to  2%  of  petrolatum  or 
PRP.  Cook  (Ref  2)  showed  in  1924  that  mixts 
of  AN  with  1%  petrolatum  were  more  sensi- 
tive to  initiation  than  uncoated  AN.  US  Bur 
Mines  investigations  indicated  that  1%  nitro- 
starch  increased  the  sensitivity  of  AN  to 
expln  at  elevated  temp  and  under  confinement 
(Ref  3).  Torsuev  (Ref  6)  stated  that  the  pres- 
ence of  org  matter  in  AN  facilitated  its  thermal 
decompn  with  the  formation  of  an  expl  mixt  of 
gases.  His  claim  that  even  0.1%  of  paraffin  is 
dangerous  was  denied  by  Abinder  (Ref  7)  and 
also  by  Blinov  (Ref  8),  but  both  agreed  that 
larger  amounts  of  paraffin  than  0.1%  would 
considerably  increase  the  sensitivity  of  AN 

The  explosibility  of  AN  with  approx  7% 
rosin  was  investigated  by  Hopper  (Ref  9), 
who  found  that  rosiQ  increased  the  sensitiv- 
ity to  initiation  and  rendered  the  mixt  less 
hygroscopic.  The  mixt  was  also  satisfactory 
with  respect  to  stability,  brisance  and  impact 
sensitivity,  being  unaffected  in  the  rifle  bul- 
let and  pendulum  friction  tests.  Marshall 
(Ref  23)  and  Banik  (Ref  26)  studied  the  explos- 
ibility of  Amer  FGAN  contg  1%  petrolatum  and 
5%  kaolin  in  comparison  with  Brit  FGAN  contg 
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99.8%  AN  and  about  0.15%  Ha0.  Marshall 
reported  laboratory  and  field  tests  which 
showed  that  the  Amer  FGAN  ignited  more 
readily  and  decompd  more  quickly  than  Brit 
FGAN  when  these  were  subjected  to  heat; 
when  confined,  the  Amer  product  exploded 
violently,  whereas  the  Brit  product  either 
did  not  explode  at  all  or  did  so  only  mildly. 
When  heated  in  steel  tubes  2 ft  long  which 
had  an  ID  of  0.45"  and  a wall  thickness  of 
0.08",  the  Brit  FGAN  burst  the  tube  only  at 
the  end  where  it  was  heated,  whereas  the 
Amer  FGAN  burst  the  tube  from  end  to  end. 
This  test  showed  that  the  explosion  propa- 
gated throughout  the  unheated  mass.  Admix- 
ture of  either  type  of  FGAN  with  paper  and 
wood  (packing  materials)  in  the  form  of  small 
pieces  did  not  cause  the  explosion  of  the  un- 
confined mass.  An  intimate  mixture  of  Brit 
FGAN  and  1%  hydrocarbon,  when  heated 
strongly  under  confinement,  exploded  in  a 
manner  similar  to  that  of  Amer  FGAN  (Ref  23). 
In  general,  the  discussion  of  Bank  (Ref  26) 
is  in  agreement  with  the  findings  of  Marshall. 
Cook  and  Talbot  (Ref  28)  reported  that  AN 
grains  coated  with  hydrocarbons  were  more 
sensitive  to  initiation  than  uncoated  AN  or 
AN  coated  with  inorganic  materials.  Max 
sensitivity  occurred  in  fine-grained  AN  coated 
with  0.75  to  1.5%  wax.  A No  6 blasting  cap 
was  sufficient  to  deton  this  material,  and  the 
expln  propagated  indefinitely  in  charges 
1.875"  in  diam  (See  Note,  p A340) 

Early  investigation  of  the  sensitivity  of 
mixed  fertilizers  was  made  by  Rosendahl 
(Ref  1),  who  reported  that  mixts  of  Amm  nitrate 
& sulfate  decompd  on  heating  according  to 
the  equation:  2NH4NOs  + (NH4)2S04  “ 

3N2  + 8HaO  + S02.  Hardesty  and  Davis 
(Ref  16)  observed  the  spontaneous  develop- 
ment of  heat  in  mixed  fertilizers.  Macy  et  al 
(Ref  17)  at  PicArsn,  tested  FGAN,  consisting 
of  AN  nodules  coated  with  0.75%  wax  and 
3.5%  clay  (identical  with  the  material  loaded 
oq  the  SS  Grandcamp  and  SS  High  Flyer),  with 
the  following  results:  a)FGAN  at  d 0,7  to 


1,0  can  be  detonated  by  sufficiently  strong 
boosters  (50—100  g of  cetryl)  in  columns 
8—10  cm  in  diam  when  confinement  is  weak 
(paper)  and  in  3—4  cm  diam  columns  when 
confinement  is  strong  (steel).  Rates  of 
deton  are  between  1000  and  1350  m/s  in  die 
solid  state  and  2100  to  2500  m/s  in  the  liq- 
uid state.  Rate  and  sensitivity  depend  upon 
the  particle  size,  density,  confinement, 
charge  diam  and  temp  b)Due  to  the  action 
of  heat  alone,  gas  phase  explns  have  been 
noted  at  260°  aod  above  c)Certain  inorg 
and  org  contaminants  in  small  amts  can  cause 
FGAN  to  decomp  explosively  at  a temp  as 
low  as  200°,  or  it  may  be  ignited  at  lower 
temps.  For  example,  moist  Zn  dust  and  FGAN 
explode  while  in  the  presence  of  phosphoric 
acid,  at  30°,  mixts  of  FGAN  and  combustible 
may  ignite  spontaneously  or  explode  at  ele- 
vated temps.  FGAN  is  apparently  reactive  . 
with  substances  like  resins,  starch,  sugar, 
dry  sawdust  or  bagging  paper,  with  consequent 
charring  or  gassing.  It  is  less  reactive  with 
iron,  only  slightly  so  with  asphalt,  and  nonre- 
active with  lubricating  oil  of  SAE  30  at 
120°C(248°F).  The  presence  of  10%  sawdust 
or  bagging  paper  in  FGAN  reduces  the  igni- 
tion temp  by  70  to  200°  for  exposure  times 
from  0.5  to  6 min,  and  such  mixts  can  ignite 
at  150 °C  (302°F)  within  30  min.  Mixts  of 
FGAN  with  sawdust  or  bagging  paper  which 
react  at  150°  do  so  exothermically,  but  at 
temps  of  135  to  150°  the  reactions  are  very 
slow  and  not  exothermic  d)Tests  to  det  the 
susceptibility  of  FGAN  to  deton  by  impact 
or  initiation  show  it  to  be,  in  the  liquid  state, 
as  sensitive  to  impact  as  cryst  TNT  tested 
under  the  same  condi  tions  e)At  a temp  of 
about  50°(120— 125°F),  FGAN  is  far  easier 
to  explode  than  below  this  temp  f)Liquid 
FGAN  can  be  exploded  by  a booster  charge  in 
spite  of  its  relatively  high  density  (1.4  g/cc) 

g) The  fragmentation  effect  of  solid  FGAN  is 
about  24%  that  of  TNT  at  the  same  density 

h) An  electric  spark  passed  through  the  gas 
over  a 1,6  g sample  of  FGAN  heated  for  5 min 
at  175°  in  a partially  closed  glass  tube,  re- 
sulted in  a flash 
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Eriksen  (Ref  20)  found  that  2,000  and 
3,000  lb  charges  of  bagged  FGAN  can  be 
detonated  by  the  application  of  heat  alone 
if  confinement  is  such  that  the  products  of 
decompn  can  develop  a gas  pressure  of  about 
100  psi.  When  some  degree  of  ventilation  was 
provided,  FGAN  could  not  be  detonated  by 
heat  and  underwent  burning  only.  Eriksen 
also  showed  (Ref  21)  that  six-ply  asphalt 
laminated  paper  bags  stored  with  FGAN  at 
60°(l40°F)  were  adversely  affected  after  a 


Pure 

Composition,  % AN 

AN  99.83 

Wax  (PRP)  0.03 

Clay  0.14 

Moisture  0,04 

Nitrogen  content,  % 34,62 

Gronulation 

Through  No  S US  100 

Std  sieve 

On  No  323  US  Std  57,5 

sieve 

Apparent  density,  g/cc  0,97 


Varrato’ s tests  showed  that  AN  coated  with 
0.38%  wax  was  not  more  sensitive  to  initia- 
tion by  heat  than  pure,  uncoated  AN,  The  sam- 
ple of  AN  coated  with  0,38%  wax  was  more 
sensitive  than  FGAN-A,  The  most  sensitive 
of  the  above  mixes  was  that  contg  about  0,7% 
wax  (FGAN-B) 

Ottoson  (Ref  19)  investigated  a mixt  called 
* 'Cal-Nitro’  contg  60%  AN  and  40%  CaCOt 

supplied  by  the  Semmett  Solvay  Co  of  Hope- 
well,  Va.  He  found  that  Cal-Nitro  was  less 
reactive  with  paper  and  sawdust  than  ordinary 
FGAN.  It  did  not  yield  significant  amts  of 
expl  gases  when  decompd  at  realtively  low 
temps,  and  bagged  Cal-Nitro  represented  a 
slightly  lesser  fire  hazard  than  bagged  FGAN 
"Uraform’’  (95%  AN  and  5%  urea -form aldehyde 
resin),  also  investigated  by  Ottoson  (Ref  19), 
was  found  to  be  more  explosive  than  FGAN, 
since  its  expl  temp  of  280°  is  considerably 
lower  than  that  of  FGAN  (333-385°).  The 


period  of  eight  weeks;  similar  bags  without 
FGAN  were  not  appreciably  affected  by  the 
same  storage  conditions,  and  FGAN  stored 
in  such  bags  at  a temp  as  high  as  88° 
(190°F)  remained  unchanged.  Rinkenbach 
(Ref  18)  summarized  these  studies  and  others 
in  a lecture  delivered  at  PicArsn,  Dover,  Nj. 
The  relative  sensitivity  of  pure  AN,  wax- 
coated  AN  and  FGAN  to  initiation  by  heat 
was  studied  by  Varrato(Ref  25).  These  mate' 
rials  had  the  following  characteristics: 


Wax-coated 

AN 

FGAN-A 

FGAN-B 

94.45 

96.03 

96.22 

0.38 

0.40 

0.68 

0.17 

3.57 

3.10 

0.02 

0.04 

0.12 

34.81 

32.98 

33.40 

100 

100 

100 

59.5 

55.0 

58.0 

1.06  1.01  1.0 1 


impact  sensitivity  values  for'Tlraform^  ob- 
tained with  PicArsn  test  apparatus,  using  a 
2 kg  wt,  were  23"  at  20°  and  8"  for  molten 
material  at  175°.  These  values  are  to  be  com- 
pared with  31"  and  12"  respectively  for  FGAN 
under  the  same  test  conditions.  A detonation 
velocity  of  1760—1910  m/s  at  d 0.80  was  ob- 
tained for  Uraform  as  against  1350  m/s  at  d 
0.90  for  FGAN 

A more  recent  study  by  Bums  et  al  (Ref  29) 
of  the  explosibility  of  AN  may  be  summarized 
as  follows: 

Explosion  took  place  at: 
Temperature,  °C  Pressure,  psi 

Pure  AN,  mp  1 6<f  277  to  34 4 2600  to  3000 

Pure  AN  with  1.5%  134  to  153  250  to  300 

bagging  paper 

FGAN  304  to  350  - 

FGAN  1.5%  bagging  140  to  153  — 

paper 
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According  to  Bums,  the  incorporation  of 
about  25%  of  an  inert  material  such  as  lime* 
stone  materially  decreased  the  expln  hazard 
of  AN 

In  conclusion  it  may  be  said  that  currently 
produced  American  FGAN,  as  well  as  some 
other  ammonium  nitrate  fertilizers,  can  ex- 
plode when  confined  and  subjected  to  heat, 
impact  or  initiation  by  powerful  detonators 
or  boosters 
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AMMONIUM  NITRATE  GELATIN  (ANG) 

OR  AMMONIA  GELATIN  DYNAMITE 

ANG  is  a blasting  type  expl  similar  in 
compn  to  Ammonium  Nitrate  Dynamite,  ex- 
cept that  gelacinzed  NG  is  used  in  lieu  of 
straight  NG.  For  the  prepn  of  “'gel’’,  the  NG 
is  thoroughly  mixed  with  2 to  5.4%  of  collo- 
dion cotton  (CC)  and  the  mass  is  left  for 
several  hours  at  40— 45°.  The  resulting  soft 
gel  is  mechanically  incorporated  with  pre- 
viously pulverized  and  thoroughly  mixed  AN, 
carbonaceous  material,  anti-acid,  etc,  to  give 
a plastic  mass.  The  above  mixt  of  solid  in- 
gredients is  called  in  the  USA  "dope"  and 
it  serves  as  an  absorbent  for  NG.  The  pres- 
ence of  gel  makes  these  explosives  gelatin- 
ous or  semi-gelatinous  and  more  water-resist- 
ant than  corresponding  ammonia  dynamites. 

As  these  expls  produce  comparatively  small 
amounts  of  abnoxious  gases,  it  is  permissi- 
ble to  use  them  for  underground  quarrying, 
mining  (except  gaseous  and  dusty  coal  mines) 
and  tunneling  operations.  Their  velocity  of 
deton  is  4750  to  5750  m/sec,  when  confined 
The  table  shown  on  next  page  gives  compn 
and  some  props  of  ANG’ s 

Refs:  l)MarshalI  1(1917), 372  2)Naoum, 

NG(1928),328  & 349  3(Marshall  3(1932),  108 
4)Davis(1943),346&351  5)Bebie(1943),23 

6)Stettbacher(1948),86  7)TM9-1910(1955), 
206  8)Taylor  & Gay  (1958), 26  9)PATR 
2510(1958), p 5(Ammongelatin) 


Carbonaceous  fuel  consisted  of  2.5%  cereal  meal  and  0.5%  lamp-black 
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AMMONIUM  NITRATE  GELATINS(ANG*») 

American  Belgian  British  French 

amposition(%)  and  (Non-Permissible)  (Non-Permissible)  (Not-Permitted)  (Non-Permissi ble) 

same  properties  30%  40%  50%  60%  - Forcites  Forcite  Ammon-Gela-  Ammon-  Semi-  Dynamite  0 Forcite  Gri  sou-dyne 

Extro  tine  Dynamite  Gelignite  Gelatine  Extra  mite-roche 
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AMMONIUM  NITRATE,  ANALYTICAL 
PROCEDURES 

I.  Qualitative  Tests  for  AN.  This  can  be 
done  either  by  detecting  the  NH4  ion  or  the 
NO,  ion 

A) Detection.of  the  NH^lon.  Add  to  2-3  ml 
of  liquid  to  be  tested,  a few  drops  of 
Nessler's  reagent.  If  ammonia  is  present 
(free  or  bound)  in  small  quantities,  the  liq 
turns  dark  yel  to  reddish-bm  (Ref  3 & Ref  6, 
p 145).  If  a large  amt  of  NH4  ion  is  pres- 
ent, a bm  ppt  of  NHgjI.HjO  is  formed  (Ref  3) 

B) Detection  of  N03  Ion.  If  it  is  desired  to 
detect  AN  in  the  absence  of  nitric  acid 
and  inorg  or  org  nitrates,  use  the  diphenyl- 
amine  method.  For  this  pour  about  5 ml  of 
liquid  to  be  tested  into  a narrow  test  tube 
of  ca  25  ml  capacity  and  while  holding  the 
tube  in  an  inclined  position  (ca  45°  angle), 
add  slowly  ca  2 ml  of  DPhA  reagent  (prepd 
by  dissolving  1 g DPhA  in  106  ml  coned 
HjS04)  in  such  a manner  that  the  reagent 
flows  down  the  wall  of  the  tube  without 
mixing  with  the  sample.  If  NOs  ion  is 
present,  a blue  ring  appears  at  the  interface 
(Ref  3 & Ref  6,  p 140) 

Note:  Instead  of  using  DPhA,  the  ferrous 
sulfate  reagent  may  be  used.  The  reagent 
can  be  prepd  by  dissolving  the  max  amt  of 
powdered  FeS04.7H20  in  cold  ca  60%  sul- 
furic acid  (previously  prepd  by  slowly  adding 
with  stirring  1 vol  of  coned  H2S04  to  1 vol 
of  w,  cooled  in  ice).  This  test  is  conducted 
in  the  same  maimer  as  the  DPhA  test  and 
the  presence  of  a brown  ring  indicates  the 
presence  of  a nitrate  (Ref  6,  p 140) 

II.  Quantitative  Tests  for  AN.  The  following 
methods  may  be  used: 

A) Colorimetric  Methods  are  applicable  for 
detn  of  small  quantities  of  AN  such  as  0.1- 
10  mg.  This  can  be  done  by  using  one  of 
the  following  reagents:  Nessler's  (Refs  3 
& 6),  m-xylenol  (Refs  5 & 12)  or  sulfanilic 
acid  & a-naphthyl amine  (Ref  6,  p 140) 

B) Other  Quantitative  Methods.  For  larger 


quantities  of  AN,  the  gravimetric,  volumetric, 
gasometric  and  other  methods  can  be  used, 
such  as: 

ajNessler  s Reagent  Method  consisting  of 
weighing  NHg2I.H20  precipitated  on  treating 
a soln  of  AN  with  the  reagent  (Ref  3) 

b) Ammonium  Chloroplatinate  Method  consist- 
ing of  weighing  (NH4)2PtCl4  (Ref  3) 

c) Direct  Titration  of  Nitrates  with  Titanous 
Chloride  Using  Alizarin  as  an  Adsorption 
Indicator,  described  by  Wellings  (Ref  1) 
djVolumetric  Determination  of  Nitrates  with 
Ferrous  Sulfate  as  Reducing  Agent , de- 
scribed by  Kolthoff  et  al  (Ref  2)  (See  also 
Ref  3,  p 644) 

e)Schulze-Tiemann  Method  for  Determination 
of  Nitrates,  described  in  Ref  9,  p 218 
fX)xidimetric  Nitrate  Analysis  of  Fertilizers 
and  Other  Commercial  Products,  described 
by  Leithe  (Ref  10) 

g) Formaldehyde  Method,  proposed  by  Mill'er 
for  rapid  detn  of  nitrogen  in  AN  fertilizers 
(Ref  11)  (See  also  Ref  8,  p 6) 

h) Devarda  Method,  in  Allen's  modification, 
described  in  Ref  3,  pp  640-3 

i) Kjeldahl  Method , described  in  Ref  6,  pp 
142-5 

I)N Urometer  Method,  described  in  Ref  8, 

pp  6-7 

k) Refractometric  Me  thod , described  by  Miaud 
& Dubois  (Ref  14) 

l)  Phase  Analysis  in  Non- Aqueous  Medium, 
described  by  Sarto rius  & Kreyenbuhl  (Ref  18) 

Gordon  & Campbell  (Ref  17)  described 
the  differential  method  of  analysis  in  the  in- 
vestigation of  thermal  decompn  of  inorganic 
oxidants,  such  as  AN 

Jacobs  (Ref  12)  stated  that  AN  is  usually 
estimated  in  dusts  by  detg  the  NHS  content 
of  a sample  either  by  nessleri zarion  or  by 
the  m-xylenol  reagent.  When  the  dust  also 
contains  nitrocompds  (such  as  nitrated  derivs 
of  toluene),  it  is  necessary  to-make  a disen  in 
the  presence  of  an  alkali  (as  in  the  Kjeldahl 
method)  and  then  test  the  distillate  by  one 
of  the  above  reagents 


A3  70 


Detn  of  moisture  in  AN  is  described  by 
the  following  investigators:  a)Gui chard 
(Ref  4)— detn  of  small  amts  of  w by  con- 
tinuous weighing  on  a specially  designed 
analytical  balance  b)Roberts  & Levin 
(Ref  13),  —detn  of  small  amts  of  w employ- 
ing azeotropic  distn  and  subsequent  detn 
of  w in  the  distillate  by  titration  with  Karl 
Fischer  reagent  c)Eberius  (Ref  15)— detn 
of  w by  the  Karl  Fischer  method  in  ex- 
plosives chemistry  d)Jensen  et  al  (Ref 
16)— detn  of  moist  using  a modified  high 
frequency  apparatus  e)Engelbrecht  et  al 
(Ref  19)— a rapid  method  for  detn  of  moist 
in  AN  using  the  Karl  Fischer  reagent  0 
Zii’berman  (Ref  7)— cal’en  of  moist  content 
in  AN  melt  by  detg  bp’s  at  pressures  of 
500  to  560  mm  Hg  and  interpolating  the  re- 
sults from  concn-temp  curves  prepd  for 
pressures  520,  540  & 560  mm  Hg 
Kast-Metz(  1946)  described  detn  of  AN  in 
some  expl  mixts,  such  as  blasting  expls 
of  black  powder  type,  permissible  expls, 
etc  (See  also  under  Amatol  and  Ammonal) 

AN  intended  for  military  uses  must  comply 
with  the  following  requirements  of  Spec 
JAN- A- 175  (Ref  8,  p 2) 


Grade  1 

Grade  III 

Moisture  (max),  % 

0.15 

0.15 

Ether  solubles  (max) 

0.10 

0.10 

Water  insolubles  (max) 

0.18 

0.18 

Insolubles  retained  on 

0.01 

0.01 

US  Std  No  40  (420  micron) 

sieve  (max) 

Acidity,  as  HNOs  (max) 

0.02 

0.02 

Alkalinity,  as  NH3  (max) 

0.025 

0.025 

Nitrites 

None 

None 

Sulfates  as  (NH4)jS04  (max) 

0.05 

0.02 

Chlorides  as  NaCl  (max) 

0.50 

0.02 

Soly  in  nitric  acid  (min) 

- 

100.0 

NH4NOj  content  (min) 

99.0 

99.0 

Note:  Apparent  density  for  Grade  I,  Class  B AN 
shall  be  not  less  than  1.06 


Granulation,  % 

Grade  1 

Grade  1 1 

Cl 

ass  A 

Class  B 

Class  C 

Through  a 2.5" 

- 

- 

- 

99.9 

opening  (min) 
Through  No  10 

_ 

99 

99 

(2000  micron) 
sieve  (min) 
Through  No  12 
(1680  micron) 

99.9 

- 

- 

- 

sieve  (min) 
Retained  on  No 
35  (500  micron) 

- 

32-48 

50-80 

- 

sieve 

Through  No  35  and 
retained  on  No  80 
(177  micron)  sieve 

7-29 

Through  No  80  sieve 

- 

- 

13-21 

- 

Through  No  100 
(149  micron)  sieve 

15-30 

Note : Grade  11  AN  covered  by  US  Army  Spec  50-11-59E. 
July  1944  is  a material  of  97%  purity 

Grade  I AN,  Classes  A & B are  intended 
for  use  in  the  manuf  of  cast-loaded  amatols, 
w'hile  Class  C is  for  extrusion-loaded  amatol 
(80/20).  Grade  III  AN  is  intended  for  use  as 
a nitrating  agent  in  the  manuf  of  expls 

Following  is  a brief  description  of  tests: 
AJMoisture  may  be  determined  by  one  of  the 
following  methods: 

a) \Veigh  accurately  ca  a 10  g sample  in  a 
tared  wide-form  weighing  dish,  heat  at  100° 
for  2 hrs,  cool  in  a desiccator  and  reweigh. 
Calc  the  loss  of  wt  as  %-age  of  moisture 

b) Transfer  a weighed  100  g portion  of  the 
sample  to  the  500  ml  flask  of  the  apparatus 
shown  on  Fig  1 and  add  200  ml  of  perchlor- 
ethylene,  which  has  been  stored  over  anhyd- 
rous CaCl2  in  a moisture  tube  the  interior 
of  which  has  been  cleaned  with  chromic 
acid.  Connect  a moisture  tube  (see  Fig  2) 
and  reflux  condenser  by  means  of  tight 
cork  stoppers,  and  support  on  a ring  stand 
with  the  flask  resting  on  a wire  gauze. 

Heat  to  a brisk  boiling  and  maintain  so  for 
15  mins.  Cool  and  disconnect  the  apparatus. 
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As  the  amt  of  w collected  in  the  moisture 
tube  usually  will  be  too  small  to  form  two 
distinct  menisci,  add  1.00  ml  of  distd  w from 
an  automatic  pipette,  allowing  it  to  run  down 
the  side  of  the  tube  and  unite  with  the  w 
collected  from  the  sample.  Read  the  vol  of 
w in  the  moist  tube,  correct  for  the  amt  added, 
and  calc  the  %- age  of  moist  (Ref  8,  pp  3-4) 
BJEther  Soluble  Material . Transfer  a weighed 
portion  of  ca  25  g of  the  sample  to  an  ex- 
tractor (Soxhlet  or  other)  and  extract  with 
anh  ether.  Evaporate  the  eth  from  the  extract, 
dry  at  100°  to  const  wt,  cool  and  weigh. 

Calc  the  wt  of  residue  as  %-age  of  ether- 
solubles.  Save  the  extracted  sample  (Ref  8, 
p 4) 

CJlf'ater  Insoluble  Material.  Transfer  the 


extracted  material  of  previous  proced  to  a 
beaker  and  stir  with  hot  w to  dissolve  the 
bulk  of  material.  Filter  through  a tared  sin- 
tered glass  crucible  and  wash  the  residue  in 
the  crucible  with  hot  distd  w until  it  is  free 
from  nitrate.  Dry  to  const  wt  at  100°,  cool 
and  weigh.  Calc  the  residue  as  %-age  of 
water-insolubles  (Ref  8,  p 4) 

Djlnsoluble  Material  Retained  on  US  Std  /Vo  40 
Sieve.  Treat  a 100  g sample  in  a beaker  with 
hot  dist’d  w and  pour  the  soln  through  the 
sieve.  Transfer  quantitatively  any  insol 
matter  from  the  beaker  to  the  sieve  by  means 
of  a jet  of  hot  distd  w and  when  no  more  in- 
sol matter  passes  through  the  sieve,  dry  the 
sieve  with  residue  at  100°  for  1 hr.  Transfer 
the  dry  residue  to  a piece  of  glazed  paper 
and  then  to  a tared  weighing  dish.  Weigh  the 
dish  and  calc  the  increase  in  wt  as  the  %-age 
of  insol  matter  retained  on  the  sieve  (Ref  8, 
p 4) 

E) Acidity.  Dissolve  a 100  g sample  in  400  ml 
of  distd  w,  filter  and  titrate  the  filtrate  with 
N/lONaOH  soln  using  methyl  red  indicator. 
Run  a blank  detn  on  the  same  amt  of  distd 

w and  methyl  red.  Calc  acidity  as  %-age  of 
nitric  acid  (Ref  8,  p 4) 

F) Alhlainity.  If  the  previous  detn  showed 
acidity,  report  no  alkalinity.  If  the  soln  prepd 
for  acidity  detn  is  alkaline  toward  methyl 
red,  titrate  with  N/10  sulfuric  acid  and  calc 
the  alkalinity  as  %-age  of  ammonia  (Ref  8, 

p 4) 

G) Nitrites.  Weigh  to  0.1  mg  ca  a 1 g sample, 
dissolve  it  in  20  mi  distd  w,  add  1 ml  of 
10%  aq  sulfuric  acid  and  1 ml  of  freshly 
prepd,  colorless  0.5%  m-phenylenedi amine- 
hydrochloride  soln.  No  yel  or  yel-brn  color 
should  develop. 

Note:  If  the  m-phenylenediaminehydrochlor- 
ide  soln  is  colored  when  prepd,  decolorize 
it  by  treating  with  animal  charcoal  (Ref  8, 
p 4) 

H) Sulfates.  Weigh  to  0.1  mg  ca  a 10  g sample 
and  dissolve  in  ca  20  ml  distd  w in  a por- 
celain dish.  Add  a little  more  Na  carbonate 
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(free  from  sulfates)  than  necessary  to  trans- 
form AN  to  carbonate  and  evaporate  to  dry- 
ness. Cool  the  dish  and  acidify  the  residue 
with  HC1,  taking  care  to  avoid  loss  during 
effervescence.  Evap  to  dryness,  moisten 
the  residue  with  HC1  and  again  evap  to  dry- 
ness to  insure  complete  removal  of  nitrates. 
Dissolve  the  residue  in  distd  w,  filter  if 
necessary,  heat  to  boiling,  and  add  5 ml  of 
a 10%  Ba  chloride  soln.  Allow  the  ppt  to 
settle  and  transfer  the  liq  and  ppt  quanti- 
tatively to  a tared  sintered  glass  crucible 
of  medium  porosity.  Wash  the  ppt  with  hot 
dist  w,  dry  the  crucible  at  100°  for  2 hrs, 
cool  in  a desiccator  and  weigh.  Calc  the 
wt  of  Ba  sulfate  to  %-age  of  Amm  sulfate 
in  the  sample 

Note : If  the  amt  of  sulfates  in  Grade  III  AN 
is  not  above  0.02%,  the  following  turbi do- 
metric  proced  may  be  used 

Transfer  ca  a 5-0  g sample,  weighed  to 
0. 1 mg  to  a tail-form  beaker  of  ca  180  ml 
capacity,  add  20  ml  coned  HC1  and  boil  the 
miit  gently.  From  time  to  time  replace  the 
HC1  lost  by  evapn,  and  continue  boiling 
until  a Kl-starcb  paper  moistened  with  distd 
w is  no  longer  colored  by  the  vapor.  Evap 
the  soln  to  dryness,  dissolve  the  residue 
in  a little  distd  w and  transfer  the  soln  to 
a 50  ml  Nessler  tube.  Add  5.0  ml  of  10% 

Na  citrate  soln,  mix  the  contents  and  add 
2.0  ml  of  10%  BaCl2  soln.  Dilute  the  mixt 
to  the  mark  with  distd  w.  Add  10.0  ml  of  2% 
(1:20)  HCl  soln,  mix  and  allow  to  stand 
10  mins.  Simultaneously  and  in  the  same 
manner  prep  in  the  2nd  Nessler  tube  a std 
contg  0.001  g of  Amm  sulfate,  5 g AN  (sul- 
fate-free) and  the  same  reagents  as  in  the 
1st  Nessler  tube.  Shake  both  tubes  and 
compare  the  turbidity,  while  holding  the 
bottoms  of  the  tubes  over  a source  of  strong 
light.  Consider  the  Amm  sulfate  content 
of  the  sample  to  be  not  more  than  0.02% 
if  the  turbidity  of  the  test  soln  is  not 
greater  than  chat  of  the  standard.  If  the 
turbidity  in  sample  tube  is  greater,  use 


the  gravimetric  procedure  described  above 
(Ref  8,  p 4) 

I)Chlorides.  Add  to  ca  a 10  g sample  weighed 
to  0.1  mg  in  a porcelain  casserole,  ca  80 
ml  of  10%  NaOH  soln  and  boil  until  all  am- 
monia is  driven  off.  Dissolve  the  residue  in 
ca  150  ml  cold  distd  w,  neutralize  with 
nitric  acid  and  add  a slight  excess  of  Ca 
carbonate  (free  from  chlorides).  Titrate  with 
N/10  Ag  nitrate  soln,  using  K chromate  as 
an  indicator.  Calculate  the  chlorides  found 
to  %-age  of  NH«C1  in  the  sample 
Note:  If  the  amt  of  chlorides  in  Grade  III 
AN  is  not  above  0.02%,  the  following  turbi  do- 
metric  procedure  may  be  used: 

Transfer  a 5.0  g sample,  weighed  to  0.1  mg, 
to  a 100  ml  low- form  Nessler  tube,  add  50  ml 
of  distd  w and  shake  until  the  soln  is  com- 
plete. Add  10  ml  of  10%  HNOj  soln,  followed 
by  2.0  ml  of  10%  AgNOj  soln  and  mix  well. 
Protect  the  tube  from  the  direct  light.  Simul- 
taneously and  in  the  same  manner  prepare  in 
a 2nd  100  ml  Nessler  tube  a std  Contg  0.001  g 
of  NH,Ci  and  5 g of  AN  (chloride-free)  and 
the  same  reagents  as  in  the  1st  Nessler 
tube.  As  soon  as  the  AgNOj  soln  is  added, 
shake  both  tubes  and  compare  the  turbidity 
while  holding  the  bottoms  of  tubes  over  a 
source  of  strong  light.  Consider  the  Amm 
chloride  content  of  the  sample  to  be  not  more 
than  0.02%  if  the  turbidity  of  the  test  soln 
is  not  greater  than  that  of  the  std.  If  the 
turbidity  in  sample  tube  is  greater,  use  the 
gravimetric  test  described  above  (Ref  8,  p‘5) 
} )Soluhilily  in  Nitric  Acid.  Add  an  80  g 
sample  with  stirring  to  100  g of  97.5  to 
99.0%  nitric  acid  in  a 200  ml  beaker.  After 
allowing  the  soln  to  cool,  transfer  a 100  ml 
portion  to  a 100  ml  Goetz  (or  equal)  oil  sedi- 
mentation cube  and  centrifuge  at  1800  rpm 
for  20  mins,  using  an  8-in  centrifuge  head. 
The  sample  is  considered  completely  sol 
if  the  vol  of  sediment  does  not  exceed  0.15 
ml  (Ref  8,  p 8) 

K)AN  Content  may  be  detd  by  one  of  the  fol- 
lowing methods: 
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a) Volumetric  Method . Add  to  100  ml  distd  w 

in  an  Erlenmeyer  flask  25  ml  of  ca  40%  formal- 
dehyde soln  and  a few  drops  of  phpht  indi- 
cator. Neutralize  the  soln  with  caO.  15/V 
NaOH  soln  and  introduce  ca  a 1 g of  sample 
weighed  to  0.1  mg.  Heat  the  mixt  to  60°  and 
titrate,  after  cooling  it  to  RT,  with  ca 
0.15/V  NaOH  soln  to  a pink  end  point  which 
persists  for  30  secs 

% AN  = 8~ ^AB~-  1-494/)  - 1.212£,  where 

A = ml  of  NaOH  soln  used  in  the  titration 
B = normality  of  NaOH  soln  as  detd  by  titra- 
tion  against  AN  of  known  purity  D ~ %-a.ge 
of  Amm  chloride  in  sample  E = %-age  of 
Amm  sulfate  in  sample  and  Wt  — weight  of 
AN.  on  dry  basis 

b) Gasometric  Method.  In  this  proced  the  con- 
tent of  AN  is  calcd  from  nitrate  nitrogen 
contmt  as  detd  by  the  nitrometer  method. 

The  method  depends  on  the  following  reac- 
tion taking  place  when  nitrates  or  nitric  acid 
are  shaken  with  mercury  in  the  presence  of 
coned  sulfuric  acid: 

2NH4N03  + 4HjS04  + 3Hg  - 
(NH4)2S04  + 3HgS04  + 4H20  + 2NO 
The  amt  of  nitric  oxide  liberated  is  measured 
and  the  amt  of  AN  is  calcd  as  will  be  shown 
under  Calculation 

The  apparatus  used  for  this  test,  the  du- 
Pont  nitrometer  is  described  in  most  books 
on  Analytical  Chemistry,  eg  Scott  & Furman 
(Ref  3,  p 651),  but  the  description  of  proced 
is  usually  not  sufficiently  elaborate  for  any- 
one not  familiar  with  the  apparatus.  The  pro- 
cedure described  below  was  used  during  WWII 
for  training  technicians.  It  contains  enough 
details  to  permit  learning  the  handling  of 
the  apparatus  by  anyone  without  previous 
experience.  The  same  proced  can  be  used 
in  detn  nitric  acid,  K or  Na  nitrate,  NC, 

NG,  etc  and  it  is  not  considered  necessary 
to  describe  it  again  under  these  items 

•The  assembled  nitrometer  is  shown  in 
the  attached  fig 

If  the  nitrometer  is  in  an  unassembled 


condition,  cut  a 9/i  ft  piece  of  special 
thick-walled  rubber  tubing  (such  as  AHTh 
No  8842),  hang  it  vertically  doubled  up  to 
form  an  upright  U- shape,  and  fill  it  with 
10%  NaOH  soln.  After  about  Vi  hour,  drain 
the  tube,  rinse  with  tap  water,  and  cut  into 
the  following  lengths:  3 ft  for  tubing  A to 
B,  3a2  ft  from  F to  E,  2 ft  from  B to  D and 
1 ft  from  B to  C.  Roll  each  piece  under  the 
foot  and  wash  the  inside  and  outside  with 
tap  water.  Pass  a long  stiff  round  brush 
(such  as  made  by  trimming  of  AHTh  No 
2396)  several  times  through  the  tubes  to 
remove  all  dusty  material,  and  then  wash 
with  w and  with  aCet.  Dry  by  passing, 
through  the  tubes,  air  thoroughly  dehydrated 
by  bubbling  through  two  Drexel  wash  bottles 
contg  coned  H2S04  and  finally  through  glass 
wool  (to  catch  acid  droplets  mechanically 
entrained) 

Before  assembling  the  glass  parts  of  the 
nitrometer,  fill  them  with' a mixt  of  coned 
H2S04  and  K bichromate  to  which  a little 
oleum  is  added.  Let  stand  overnight,  drain, 
and  thoroughly  wash  first  with  tap  w and 
then  with  distd  w.  After  this,  rinse  three 
times  with  acet  and  dry  by  passing  air  de- 
hydrated by  bubbling  through  two  Drexel 
tubes  contg  coned  H,S04.  Wash  the  stopcocks 
in  the  same  manner  and  grease  them  slightly 
when  assembling  the  apparatus.  Tie  a piece 
of  soft  wire  around  each  rubber- to -glass 
joint  and  attach  the  assembled  apparatus  by 
means  of  clamps  to  a vertical  stand  speci- 
ally designed  for  the  nitrometer 
Preparation  of  Nitrometer  for  Standardiza- 
tion and  Tests.  Break  the  capillary  e of  the 
conpensating  tube  C and  with  the  cock  d 
open,  raise  the  levelling  bulb  A andpour 
into  it  pure,  dry,  redistd  mercury  until 
C and  D are  completely  filled  and  2-3“ 
of  mercury  are  left  in  A.  Close  cock  d and 
open  c and  f of  the  reaction  bulb  E.  Raise 
the  levelling  bulb  F andpour  into  it  pure 
mercury  until  E is  filled  and  2-3m  of  mer- 
cury remain  in  F and  close  c 
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Note:  In  order  to  obtain  direct  readings 
of  NO  without  the  necessity  of  correcting 
to  std  pressure  (760  mm),  the  compensating 
tube  C must  be  filled  with  dry  air  and  sealed 
at  the  top.  If  the  mercury  in  £ is  not 
thoroughly  dry  it  must  be  dried  as  follows: 
fill  the  cup  a with  pure  coned  H2S04,  lower 
the  compensating  bulb  F and,  by  communi- 
cating a with  E by  two-way  cock  c draw 
into  E all  the  acid  and  a small  amt  of  air 
through  a and  through  the  capillary  K2.  Close 
the  cocks  c and  f and  shake  E vigorously. 
Raise  Fr  open  / & c and  remove  the  acid 
through  K2  into  a small  beaker.  Fot  prepn 
of  dry  air,  fill  the  cup  a with  pure  coned 
H2S04  and  draw  it  into  E in  the  manner  de- 
scribed above.  By  leaving  the  cock  c open, 
draw  into  E enough  air  to  almost  completely 
fill  it,  leaving  1-2”  of  Hg  reamining  in  the 
bottom  of  the  bulb.  Close  cocks  c & / and 
remove  E from  the  stand.  While  holding  the 
top  of  E with  one  hand  and  the  bottom  with 
the  other,  keep  the  stopcocks  c 8c  f in 
place  by  pressing  against  them  with  the 
fingers.  Shake  E vigorously  for  1-2  mins, 


repeat  the  operation  every  hour  during  the 
day  and  allow  to  stand  overnight.  Attach 
to  the  capillary  k2,  previously  greased 
slightly  on  the  outside,  a piece  of  heavy 
rubber  tubing  sufficient  to  reach  capillary 
e of  C.  Without  attaching  rubber  tubing  to 
e,  expel  the  wet  air  in  k2  and  in  the  rubber 
tubing  by  raising  F slightly,  opening  f and 
then  communicating  E with  K3  for  a few 
seconds  by  the  2- way  stopcock  c.  Close  c 
8c  f and  immediately  attach  the  rubber  tube 
to  e (previously  greased  on  the  outside  with 
a stopcock  grease.  With  the  cock  d remaining 
closed,  lower  the  bulb  A,  reopen  c 8c  f and 
carefully  transfer  from  E sufficient  amt  of 
air  to  fill  C to  the  position  ca  £.  Close  the 
cock  c and  raise  the  bulb  A slightly  in  order 
not  to  draw  any  more  air  into  C.  Detach  the 
rubber  tubing  from  K2  and  from  e,  wipe  off 
e and  heat  its  upper  part  until  softening  of 
the  glass,  draw  out  the  end  and  seal  the 
tube.  In  order  to  expel  all  the  ait  from  E and 
the  capillary  K2  on  top  of  it,  raise  F and  by 
manipulating  the  two-way  cock  c (with  /'open), 
remove  the  acid  through  K2  into  a small 
beaker  and  as  soon  as  the  mercury  fills  the 
capillary,  close  the  cock 
Standardization  of  Nitrometer. 

Weigh  to  0.1  mg  in  a glass-stoppered  bottle, 
0.70-0.7 lg  of  finely  pulverized  CP  K nitrate, 
previously  dried  at  100°.  Dissolve  it  in  ca 
1 ml  distd  w and  pour  the  soln  into  cup  a of 
the  nitrometer 

Note:  If  KNOs  is  100%  pure,  the  quantity 
0.7078  g will  evolve  in  the  nitrometer  ex- 
actly 70  divisions  of  measuring  tube  D.  This 
i s because  the  tube  D is  designed  to  hold 
exactly  300.1  mg  in  its  100  divisions,  which 
means  that  each  division  corresponds  to 
3.001  mg  NO.  As  the  mw  of  KNOj  is  101.11 
and  that  of  NO  30.01  each  1.0111  g KNOj 
evolves  0.3001  g NO,  which  corresponds  to 
100  divisions  of  D,  and  each  0.7078  g KNOj 
will  be  equivalent  to: 

0.7078  x 100 


1.0111 


- 70.0  divisions 
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By  lowering  F and  opening  f & c draw  the 
contents  of  cup  a slowly  into  E being 
careful  not  to  introduce  any  air  in  E.  Close 
the  cock  c,  but  leave  the  cock  f open. 
Caution.  From  this  point  until  further 
notice  the  stopcock  / must  remain  open.  If 
it  is  closed  the  pressure  produced  by  the 
evolving  NO  will  blow  the  reaction  bulb 
E to  pieces 

Rinse  the  weighing  bottle  (after  removal 
of  KNOj  soln)  with  2 ml  of  cool  94.5%  +0.5 
(HjS04)  and  transfer  it  into  a..  By  open- 
ing the  cock  c,  accompanied  by  slight  low- 
ering of  bulb  F,  draw  a small  portion  of  the 
acid  from  a to  E and  wait  until  the  top  of 
E cools.  A gentle  swirling  of  the  mercury 
in  the  upper  portion  ot  E will  hasten  cool- 
ing. Introduce  through  c the  balance  of  the 
acid  slowly  (to  prevent  overheating)  and 
close  c.  Repeat  the  operation  of  rinsing  two 
more  times  and  then  rinse  the  inside  upper 
part  of  a 2 times  with  a stream  of  coned 
HsSQ4  from  a Schuster  dropping  bottle  (AHTh 
No  2250),  transferring  the  acid  each  time 
into  the  bulb.  About  10  ml  of  94.5%  i0.5 
H2S04  should  be  used  altogether.  This  amt 
will  dissolve  ca  0.34  ml  NO  at  RT 
Note:  Soly  of  NO  in  sulfuric  acid  varies 
with  conen  and  temp.  In  order  to  have  con- 
cordant results  the  acid  of  the  same  concn 
must  be  used  in  all  tests  and  its  amt  must 
be  approx  proportional  to  the  vol  of  NO 
evolved  in  the  reaction.  Still  better,  is  to 
use  always  approx  the  same  amt  of  acid 
and  the  amt  of  sample  which  would  evolve 
approx  the  same  vol  of  NO  (ca  70  divisions 
of  the  measuring  tube  D)  as  does  0.70- 
0.71  g of  CP  KNOj  used  in  standardization 

Atter  introducing  the  last  2 ml  portion 
of  HjS04,  close  the  cock  c and  lower  the 
bulb  F as  far  as  it  will  go.  At  this  point, 
inspect  the  cock  c to  det  if  any  air  is  leak- 
ing into  E,  which,  of  course  would  ruin 
the  te st.  Make  sure  that  /is open.  Put  on 
a full- view  mask,  wrap  bulb  E in  several 
layers  of  toweling  and  remove  it  from  the 


stand.  Holding  the  bulb  E vertically  and 
much  above  F (one  hand  on  the  top  of  the 
bulb  while  the  other  at  its  bottom,  place  one 
of  the  fingers  of  each  hand  on  the  stopcocks 
c & f in  such  a manner  as  to  prevent  them 
from  becoming  loose.  Shake  the  bulb  E, 
gently  at  first  and  then  more  and  more  vig- 
orously to  start  the  reaction.  After  ca  1 min 
examine  E to  see  if  there  is  any  gas  formed. 
Continue  to  shake  for  another  min  and  this 
is  usually  sufficient  for  evoln  of  the  bulk 
of  NO.  Care  must  be  taken  not  to  shake  the 
bulb  so  vigorously  that  the  acid  is  carried 
down  through  f into  the  connecting  rubber 
tubing 

Remove  the  toweling  and  raise  E.  The 
mercury  will  flow  into  F as  the  vacuum  is 
created.  When  1-2  inches  of  Hg  (not  of 
emulsion)  is  left  in  E,  close  the  cock  / 

Note:  If  too  much  Hg  is  left  in  the  bulb,  the 
reaction  will  proceed  slowly  and  a longer 
time  will  be  required  for  the  residue  to 
settle.  Also  some  of  the  gas  is  liable  to  be 
held  in  the  emulsion  bv  the  suspension 

With  the  cocks  c & f tightly  closed  and 
held  in  the  manner  described  above,  place 
E in  a nearly  horizontal  position  and  shake 
vigorously  for  exactly  2 mins.  By  this  time, 
the  mass  will  be  a nearly  homogeneous 
emulsion.  Replace  E on  the  stand  and  allow 
the  mixt  to  settle 

While  waiting,  slightly  grease  the  out- 
side of  capillaries  Kx  & K 2 and  see  that  they 
are  filled  with  mercury.  Raise  or  lower  the 
measuring  tube  D so  that  Kl  will  be  on  the 
same  level  as  K2.  Slip  a piece  of  heavy  rubber 
tubing  A,  7"  long,  over  kx  and  push  it  all 
the  way  through.  Place  the  end  of  K2  just 
against  K , and  push  the  rubber  tubing  k over 
the  junction  until  both  capillaries  are 
equally  covered 

Lower  A,  raise  F above  E and,  by  open  - 
ing  ft  let  the  mercury  enter  E from  F with 
formation  of  some  pressure.  Open  the  cock 
d and  examine  for  any  leakage.  Normally  the 
mercury  in  capillary  will  move  slightly  due 
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to  the  presence  of  rubber  connections  and 
traces  of  air 

If  there  is  no  leak,  leave  d open  and,  by 
manipulating  carefully  with  cock  c,  allow 
the  gas  to  flow  slowly  fromE  to  D.  Towards 
the  end  of  transfer,  partly  close  c to  slow 
down  the  rate  of  flow  and  just  as  soon  as 
the  acid  starts  to  fill  the  capillary,  close 
c.  No  acid  shall  enter  D and  no  gas  shall 
remain  in  the  capillary.  Close  dy  but  leave 
f open 

Allow  the  gas  in  D to  stand  until  it 
acquires  RT 

Note:  During  this  time,  clean  the  reaction 
bulb  E in  prep  for  the  test  of  the  sample. 

For  this,  lower  the  bulb  F,  fill  the  cup  a 
with  coned  H2S04  and  open  the  2-way  cock 
c to  admit  the  acid  into  E . Suck  in  some  air 
by  manipulating  c righf  and  left  and  then 
create  some  vacuum  in  E by  closing  c and 
leaving  / open,  while  F remains  si  below 
E.  Close  f,  remove  E from  the  stand  and 
shake  it,  while  holding  in  two  hands  to  wash 
the  white  deposit  of  mercuric  sulfate  from 
the  walls.  Replace  E on  the  stand,  raise 
F above  E,  open  f,  and,  after  the  mixt  has 
settled,  let  the  acid  and  a few  drops  of 
mercury  run  through  c and  into  a small 
beaker.  Repeat  the  operation  of  cleaning 
once  more  and  after  the  operations  are 
completed,  leave  both  capillaries  in  stop- 
cock c and  the  capillary  k2  filled  with 
mercury  so  as  not  to  introduce  any  air  in 
subsequent  operations 

Before  proceeding  with  actual  measuring 
of  vol  of  NO  evolved,  calculate  the  divi- 
sions in  D expected  to  be  produced  by  the 
amt  of  KNOj  used,  from  the  following  equa- 
tion: 


R 


Wt  * 100  ....  , n 

divisions,  where  K 

1.0111 


expected  divisions  in  the  measuring  tube 
D and  l Vt  m weight  of  KNO,  sample 

If  the  expected  vol  of  NO  is  70.0  divi- 
sions (which  corresponds  to  exactly  0.7078  g 
KNOj),  manipulate  A , C & D by  lowering 


and  raising  them  until  the  position  is  ar- 
rived at,  in  which  the  top  of  the  meniscus 

in  D is  at  70.0  and  at  the  same  time  the  top 
of  the  meniscus  in  C is  on  the  same  level 

as  in  D 


Note:  A convenient  arrangement  for  leveling 
the  mercury  in  D & C is  to  paste  on  a block 
of  wood  W (approx  5 x 5 x 10  cm)  two  pocket- 
sized  mirrors  & M2  so  that  the  two  long 
sides  touch.  Attach  this  block  of  wood  by 
means  of  a clamp  S in  the  center  betw  C & 

D . Move  ^ forwards  and  backwards  as  well 
as  up  and  down  until  the  images  of  the  two 
menisci  form  a single  image  as  represented 
on  the  fig. 

Paste  a strip  of  paper/1  on  the  compen- 
sating tube  C even  with  the  top  of  the 
meniscus  and  this  completes  the  standard- 
ization. Tighten  the  screws  on  the  clamp 
holding  C as  this  should  never  be  moved, 
otherwise  it  will  be  necessary  to  restandard- 
ize the  apparatus 

Note:  Another  method  of  standardization 
called  the  *' absolute  method ” is  described 
in  the  Spec  (Ref  8,  p 7) 

Determination  of  AN  by  Nitrometer  Method 


The  best  results  are  obtained  with  the 
nitrometer  method  when  sufficient  quantity  of 
the  sample  is  taken  to  produce  70  +10  divi- 
sions of  tube  D . In  case  of  AN,  the  ealen 
is  as  follows:  80.05  g of  CP  material  pro- 
duces 30.01  g NO  and  0.8005  g produces 
0.3001  g NO  which  corresponds  to  100  divi- 
sions. In  order  to  obtain  70  divisions,  the 
amt  AN  must  be 
70.0  x 0.8005 


100 


0. 5604  g 


If  the  sample  is  impure,  larger  amts  are 
required  to  obtain  70  divisions 
Procedure.  Weigh  to  0.1  mg  ca  0.56  g or 
larger  sample  of  finely  pulverized  material 
dried  at  100°  and  proceed  exactly  as  de- 
scribed under  standardization  of  nitrometer. 
Calculation 

% AN  = R x 80-05 


Wt  x 100 
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where  R = divisions  of  D and  Wt  = weight 
of  sample 

Note:  The  Spec  (Ref  8,  pp  6-7)  prescribes 
the  taking  of  a sample  of  exactly  1 g and 
to  proceed  in  practically  the  same  manner 
as  described  above 

L) Apparent  Density.  Transfer  a 20  g sample 
to  a stoppered  glass  cylinder  ca  6"  high, 
0.08”  ID  and  graduated  in  divisions  of 

0.5  ml.  Drop  the  cylinder  vertically  30  times 
from  a height  of  2.5",  permitting  the  base 
to  strike  against  a hard  leather  pad.  Level 
off  the  surface  of  the  column  and  note  the 
vol  occupied  by  the  AN.  Calc  the  d by  divid- 
ing the  wt  by  the  vol  occupied  (Ref  8,  p 9) 

M) Granulation.  Place  a 100  g sample  and  a 
silver  quarter  (25#)  on  a specified  nest  of 
sieves,  properly  superimposed  and  assembled 
with  a bottom  pan.  Break  up  lumps  or  ag- 
gregates by  gentle  brushing  with  a camel’s 
hair  brush.  Cover  and  shake  for  3 mins  by 
means  of  a mechanical  shaker  geared  to 
produce  300  +15  gyrations  and  150  + 10  taps 

of  the  striker  per  min.  Weigh  the  portions 
retained  or  passed  by  the  various  sieves 
and  calc  the  results  to  a %- age  basis  (Ref 

8,  p 9) 

N) Zinc  Oxide  Content.  Weigh  to  0.1  mg  ca 
10  g sample  in  a fared  evapg  dish  and  heat 
on  a hot  plate  until  the  disappearance  of 
fumes.  Then  heat  it  over  a gas  burner  to  a 
dull  red  heat,  cool  in  a desiccator,  and 
weigh.  Calculate  the  wt  of  residue  to  %-age 
of  ZnO.  If  the  residue  is  red  in  color,  det 
the  %-age  of  iron  oxide  present  by  dissolv- 
ing the  residue  in  HC1,  pptg  any  iron  pres- 
ent by  the  addn  ofNH4OH,  catching  the  ppt 
on  a filter,  igniting  and  weighing.  Correct 
the  wt  of  residue  by  subtracting  from  it 

any  iron  oxide  present  (Ref  8,  pp  8-9) 

Note:  ZnO  is  added  sometimes  to  AN  to 
prevent  its  caking.  It  is  also  added  to  AN 
in  order  to  enhance  its  burning  qualities 
in  pyrotechnic  compositions 

Jet  Propulsion  Laboratory  at  California 
Institute  of  Technology,  Pasadena,  Calif, 


under  the  Dept  of  the  Army,  Ordnance  Corps, 
ORDCIT  Project,  Contract  No  DA-04- 495- 
Ord  18,  has  been  investigating  themethods 
of  analysis 

In  their  Progress  Report  No  20-310  (Ref  20) 
are  given  descriptions  and  evaluations  of  the 
following  methods  of  moisture  detn:  a)Abder- 

halden  Drying  Procedure  (by  loss  of  wt) 
b)New  Procedure  for  Determination  of  Moist- 
ure by  Loss  of  Weight  c)Oven-Drying  at 
130°  d)Modified  Karl  Fischer  Titration  Ap- 
paratus for  Use  with  AN  Coated  with  ZnO 
e)Q-Metry  Method  (attempts  to  use  this  method 
were  unsuccessful) 

In  the  Progress  Rept  No  20-311  (Ref  21) 
are  given  the  following  procedures:  a)  As  say 

of  AN  by  a Redox  Titration  with  Alkali  Hy- 
pobromite  Solution  [This  method  is  based  on 
the  method  described  by  G.  M.  Arcand  & 

E.  H.  Swift  in  AnalChem  28,  440(1956)1 
b)Determination  of  Total  Ash  in  AN  (using 
a proced  of  slow  sublimation)  and  ^De- 
termination of  -Zinc  Oxide  in  AN  (using  a 
thioacetamide  separation  as  ZnS  and  sub- 
sequent chelatometric  titration  with  ethyl- 
enediaminetetraacetic  acid)  d)Determina- 
tion  of  Zinc  Oxide  by  a Short  Procedure  (for 
samples  winch  do  not  require  a sulfide  sep- 
aration) 

Note:  The  Specification  procedure  described 
in  Ref  8,  pp  8-9)  is  not  applicable  if  An  con- 
tains other  materials,  such  as  an  anticaking 
agent  Attasorb.  Zinc  oxide  acts  not  only  as 
an  anticaking  agent  but  it  also  enhances  the 
burning  characteristics  of  AN  which  is  im- 
portant in  case  of  pyrotechnic  compns  and 
may  be  of  propellants 

In  the  Progress  Rept  No  20-365  (Ref  22) 
are  given  the  following  procedures:  a) As- 

say of  AN  by  Quantitative  Distillation  of 
Ammonia  (modification  of  the  Kjeldahl 
method  described  in  various  books,  such 
as  in  Ref  3)  b)Assay  of  AN  by  Quantita- 
tive Reduction  with  Ferrous  Ammonium  Sul- 
fate (modification  of  a method  described 
in  Ref  2) 
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c)Reduction  of  An  with  Titanous  Salts  (mod- 
ification of  Knecht  & Hibbert  Method  de- 
scribed in  various  papers  and  books) 

Note:  It  has  been  claimed  in  the  Progr  Rept 
20-365  that  none  of  the  existing  methods  of 
reduction  of  nitrate  by  titanous  ion  are  ac- 
curate when  analysing  AN.  The  modification 
proposed  in  the  rept  is  not  as  accurate  as 
ferrous  sulfate  or  other  methods  and  for  this 
reason  cannot  be  recommended 
References  on  Ammonium  Nitrate,  Analytical 
Procedures: 

1) A.  W.  Wellings,  TransFaradSoc  28,  665-7 
(1932) 

2) I.M.Kolthoff  et  al,  JACs  55,  1454-7(1933) 

3) Scott  & Furman  (1939),  637-7  & 640-44 

4) M.  Guich ard,  CR  215,  20-1(1942)  & CA  38, 
5470  (1944) 

5) H.Yagoda  & F.H. Goldman,  JInd  Hyg  Tox^ 
icol  25,  440(1943) 

6) F.D, Snell  St  F.M.Biffen,  "Commercial 
Methods  of  Analysis,”  McGraw-Hill,  NY 
(1944),  109,  140,  145,  150,  152  & 237 

7) D. E.Zil’bennan,  ZaVodlLab  11,  No  1, 
108-9(1945)  & CA  39,4025  (1945) 

8)  Joint  Army-Navy  Specification  JAN-A- 
175,  "Ammonium  Nitrate,”  US  Govt  Print- 
ing Office,  Washington,  DC  (1945)  and 
Engineering  Change  Order  No  25859-S(  1954) 

9) Kast-Metz  (1946),  218,  337-8,  439,  441, 
446-7 

10) W.Leithe,  AnalChem  20,  1082-4(1948) 

11) R.D.Miller,  J AssocOfficAgrChem  31, 
373-81(1948)  & Analyst  74,  651-2(1 949) 

1 2)  J acobs(  1949),  364-6 

13) F.M. Roberts  & H. Levin,  AnalChem  21, 
1553(1949) 

14) P.Miaud  & P. Dubois,  MP  32,224(1950) 

15) E.  Eberius,  AngewChem  64,195-202 
(1952) 

16) F.W.Jensen  et  al,  AnalChem  26,1716 
(1954) 

17) S. Gordon  & C. Campbell,  AnalChem  27, 
1102(1955) 

18) R.Sartorius  & A.Kreyenbuhl,  MP  38, 
89-103(195  6) 


19)R.Engelbrecht  et  al,  jAgrFoodChem  4,. 
786-7(1956)  & CA  50,  17286(1956)  20 )R. 
F.Muraca&S.P.Vango,  Analysis  of  Ammon- 
ium Nitrate, ” ProgressReptNo  20-310,  Jet 
Propulsion  Lab,  Pasadena,  Calif  (1957)  21) 
R.F.Muraca  et  al,  "Analysis  of  Ammonium 
Nitrate,”  Progress  Rept  No  20-311,  Jet  Pro- 
pulsion Lab,  Pasadena,  Calif  (1957)  22)E.A. 

Burns,  "Analysis  of  Ammonium  Nitrate, ” Pro- 
gress Rept  No  20-365,  Jet  Propulsion  Lab, 
Pasadena,  Calif  (1958)  23)F.Pristera  et  al, 
AnalChem32,  503(1960Xlnfrared  Spectrograms) 

Ammonium  Nitrate,  Analytical  Procedures 
Used  by  the  Spencer  Chemical  Co,  Kansas 
City,  Missouri 

I) Ammonia,  Anhydrous.  See  under  Ammonia 

II) Ammonium  Nitrate  Solution.  (Standard 
Procedure  FP-4) 

A) Sampling , When  each  car  is  completely 
loaded,  it  is  sampled  while  the  liq  is  still 
hot  and  before  the  sepn  of  any  crysts.  Four 
clean  and  dry  12  to  16  oz  Pyrex  bottles  are 
placed  on  the  sampling  pole  and  lowered 
through  the  liq  in  the  car  and  raised  again 
to  the  top  at  a uniform  rate,  such  that  the 
bottles  are  filled  approx  2/3rd  full.  The  bottles 
are. then  tightly  stoppered  and  sent  to  the  lab 
for  analysis 

B) Preparation  of  Sample . Place  three  of  the 
bottles  on  a steam  heated  water  bath,  retain- 
ing one  bottle  as  a reserve  sample.  Heat 
until  all  crysts  are  completely  dissolved  and 
then  pour  all  three  bottles  into  a heated,  dry 
500  mi  Florence  flask.  Mix  well  and  analyze 
as  follows: 

OProcedures: 

1 )Acidity  or  Alkalinity.  Pour  two  100  ml 
samples,  accurately  measured  in  a 100  ml 
graduate,  into  a 400  ml  beaker  contg  200  ml 
distd  w.  Add  5 drops  of  methyl-red  indicator 
(prepd  by  dissolving  0.1  g of  MR  in  100  ml 
of  70%  alcohol  and  neutralized  to  a salmon 
pink  color).  If  the  soln  is  yel,  titrate  with 
N/10  sulfuric  acid  and  if  red,  titrate  with 
N/10  NaOH  soln.  Calculate  alkalinity  as 
NHj  and  acidity  as  nitric  acid 

mi  H2S04  x n x 0.017 

Alkalinity  » — — “ j 

SpGr  of  Sample 
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ml  NaOH  x N x 0.063 
Acidity  SpGr  of  Sample 

2)Ammonium  Nitrate  Content: 

a) By  Titration.  Using  a heated  1 ml  graduated 
pipette,  transfer  ca  0.8  ml  of  hot  sample  into 
each  of  two  tared  and  covered  30  ml  beakers. 
Weigh  quickly  and  wash  into  two  250  ml 
Erlen  flasks.  Dil  each  to  ca  100  ml  with 
distd  w,  add  25  ml  neutral  20%  formaldehyde 
and  heat  to  60°.  Cool  to  30°  and  titrate  with 
N/10  NaOH  so  In  using  5 drops  of  phenol  - 
phthalein  indicator  (prepd  by  dissolving  1 g 
phpht  in  100  ml  of  70%  neutral  ale) 

ml  NaOH  x N x 0.08005  x 100 

% AN  Z—T 

Wt  of  Sample 

b) By  Fog  Point.  Add  ca  75  ml  of  hot  sample 
into  a well  dried  100  ml  beaker.  Insert  a 
thermometer,  turn  on  an  electric  stirrer  and 
run  it  until  cloudiness  appears  in  the  AN 
soln.  Check  temp  and  det  % AN  from  the 
table  given  on  p 4 of  Standard  Procedure 
FP-4.  For  instance,  if  the  Fog  Point  is  at 
55.5°C,  the  % AN  is  78.89  and  if  it  is  at 
58.0°,  the  % AN  is  79.68,  etc 

c) By  Specific  Gravity.  Fill  to  near  the  top 

of  a preheated  hydrometer  jar  with  hot  sample. 
Insert  a 1.300-1.400  hydrometer  and  a thermo- 
meter, from  38°  to  82°  graduated  in  1/10°. 

Stir  the  soln  carefully  with  a thermometer  and 
when  the  hydrometer  has  come  to  equilibrium, 
take  a reading  at  the  bottom  of  the  meniscus 
and  note  simultaneously  the  temp  to  the  near- 
est 1/10°.  Det  % AN  from  the  table  given  on 
pp  5-6  of  Standard  Procedure  FP-4.  For  in- 
stance, if  sp  gr  at  60° C is  1.362,  % AN  is 
78.76%  and  if  sp  gr  at  70.1°  is  1.360,  % AN 
is  79.67  etc 

III) Unparted  Ammonium  Nitrate  Prills 

In  order  to  det  if  product  meets  specific  pur- 
chaser’s specifications,  the  following  detns 
described  in  Spencer’s  Standard  Procedure 
FP-5A  are  used: 

1) Ammonium  Nitrate  Content 

2) Moisture  Content 

3) Average  Particle  Size  (ca  1.8  mm) 


4) Water  Insoluble  Material  (example  given 
0.0024%) 

5) Chlorine  as  Cl  (less  than  5 ppm) 

6)  Ash 

7) pH  of  10%  Solution  at  20° 

8) Acidity  as  Nitric  Acid 

9) AIkalinity  as  NaOH 

IOA) Hther  Soluble 

IOB) CCI4  Extractible  Material 

11) Foreign  Material  (visual) 

12) P article  Size 

13) Density 

14) Nitrites 

15) Sulfates 
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ammonium  nitrides 

In  order  to  explain  certain  anomalous  be- 
havior of  cobaltous  amide,  Co(NHa)2,  ob- 
tained as  a result  of  the  reaction: 

Co(SCN)j  + 2KNHj  = 2KSCN  + Co(NH,)a, 
it  was  suggested  by  Bergstrom(Ref),  that 
actually  reaction  proceeds  further  and  co- 
baltous aitride  and  ammonia  are  formed: 

3Co(NHa)a  * Co,Nj  + 4NH,, 

As  a large  part  of  NHa  is  always  retained  by 
the  nitride,  the  resulting  compd,  CojN2-xNHa, 
may  be  called  ''ammonium  cobaltous  nitride". 
A similar  compd,  AlN*xNH3,  called  "ammonium 
aluminum  nitride”  was  prepd  by  pouring  a 
soln  of  NH4  Br  in  iiq  NH3  into  a soln  of  Na  K 
ammonoaluminate.  The  amt  of  NH3  retained  by 
these  complexes  varies  within  certain  limits 
depending  on  the  temp  and  pressure.  Attempts 
to  prepare  a similar  complex  from  stannous 
nitride,  SasNa,  were  unsuccessful 
Ref:  F.W. Bergstrom,  JPhysChem  32,433—40 
(1928) 

AMMONIUM  NITRITE 

NH4N0j,  mw  64,04,  N 43.74%.  Wh  to  yel 
ndl-like  deliquescent  crysts,  d 1.69,  mp  - 
starts  to  sublime  at  32—3°  and  decomp  ex- 
plosively >60°;  fl  p 158°F.  Readily  sol  in 
w(with  evoln  of  heat);  sol  in  ale  and  nearly 
insol  in  eth,  chlf  or  ethyl  acetate,  Was 
first  prepd  in  1812  by  J.J,  Berzelius  by  treating 
Pb  nitrite  with  Amm  sulfate  or  by  treating 
Ag  nitrite  with  Amm  chloride.  Later,  1874, 
M.Berthelot  used  the  reaction  betw  Ba  ni- 
trite and  Amm  sulfate  and  also  the  interac- 
tion of  ammonia  with  nitric  oxide  and  oxygen. 
O.L.  Erdmann  & S.P, Sorensen  prepd  it  by 
passing  a mixt  of  nitrogen  oxides(obtained 
by  the  action  of  arsenic  trioxide  on  nitric 
acid)  over  coarsely  ground  Amm  carbonate, 
kept  cool  by  ice;  the  half  iiq  mass  was 
treated  with  ale,  the  unchanged  carbonate 
filtered  off  and  the  Amm  nitrite  precipitated 
by  the  addn  of  ether.  The  nitrite  so  obtained 


was  of  90-94%  purity  and  was  further  puri- 
fied by  dissolving  in  ale  and  pptg  by  ether. 

All  these  methods  are  described  in  Meilor 
(Ref  1)  and  in  Gmelins(Ref  4).  Amm  nitrite 
cannot  be  obtained  by  evaporating  its  aq 
soln(Ref  2).  A procedure  for  prepg  its  aq 
solo  was  patented  by  Kahr(Ref  5)‘ 

Amm  nitrite  is  an  explosive  sensitive  to 
heat  or  shock,  When  a very  small  quantity 
of  the  dry  salt  is  heated  slowly  on  a spatula, 
the  salt  volatilizes  and  burns  with  a pale 
flame.  When  an  appreciable  quantity  is 
heated  above  60°,  a violent  expln  takes 
place,  Its  coned  aq  soln  de comps  explosively 
when  heated  to  60— 70°  and  if  a similar  soln 
is  acidified  with  1 drop  of  coned  HC1,  HN03, 
or  HaS04  a spontaneous  decompn  takes  place 
even  at  room  temp.  Following  props  were 
detnd  by  Kast(Ref  3):  heat  of  formation 
65  keal/mol  or  1016  cal/g,  heat  of  expln 
803  cal/g,  temp  of  expln  2210°,  tot  vol  of 
gas  evolved  on  expln  1050  1/kg,  vel  of 
deton(V)(calcd)  ca4000  m/sec  at  d ca  1, 
spec  energy (f)  9865  kg/1,  brisadee  (by  Kast 
formula  fdV)  39500  vs  86000  for  TNT,  Heat 
of  formation  in  Lange's  Handbook  is  given 
as  — 61.5,  while  in  Hodgman’s  Handbook  it 
is  + 62,5,  keal/mol 

Amm  nitrite  cannot  be  stored  under  ordinary 
condi  tions  because  it  is  very  deliquescent 
and  unstable,  decompg  slowly  in  winter  and 
rapidly  in  summer  into  N and  HaO.  The  salt 
may  be  transported  in  dry  ether,  free  from 
ale.  The  dry  salt  may  be  preserved  for  some 
time  under  an  atm  of  hydrogen  and  in  the 
presence  of  Amm  carbonate  and  CaO.  Its 
fire  hazard  and  toxicity  are  discussed  in 
Sax(Ref  6) 

Refs:  l)Mellor  8(1928),  470-2  2)H.Kast, 

SS2 1,207(1926)  3)H.Kast,  SS22,8(1927) 

4) Gmelins,  Syst  No  23, L fg  1(1936),  85-93 

5) K,Kahr  to  Inventa  A-G,  USP  2,606,813 

(1952)  & CA  47,278(1953);  BritP  685,726 
(1953)  & CA  47,4563(1953)  6)Sax(1957), 

282  and  under  Nitrites,  p 943 
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Ammonium  Nitroform.  See  Ammonium  Trini- 
trom ethane  under  Methane  and  Derivatives 

Ammonium  Oxalate.  See  under  Oxalates 

Ammonium  Perbromate.  See  under  Bromates, 
Perbromates,  etc 

Ammonium  Perchlorate.  See  under  Perchlo- 
rates 

Ammonium  Perchromote,  See  under  Bichro- 
mates, Chromates,  etc 

Ammonium  Periodate.  See  under  lodates, 
Periodates,  etc 

Ammonium  Permanganate.  See  under  Manga- 
nates,  Permanganates,  etc 

Ammonium  Peroxychromote.  See  under  Bi- 
chromates, Chromates,  etc 

Ammonium  Persulfate.  See  under  Sulfates 
and  Persulfates 

Ammonium  Picrate;  Explosive  “D*  ’ or  Dun- 
nite.  See  2,4,6-Trinitrophenol,  Ammonium 
Salt  and  Phenol  and  Deri  vatives 

Ammonium  Picrate  Mixtures.  See  under 
Phenol  and  Derivatives 

Ammonium  Softs  of  Aromatic  Nitro  Compounds 
such  a$  of  Nitrophenol,  m-Nitrocresol  or  of 
Picric  Acid.  For  prepg  phlegmatized  and 
substantially  shockproof  Amm  salts  of  the 
above  aromatic  nitro  compds,  ammonia  gas 
(in  excess)  is  dissolved  in  a viscous  petrol- 
eum jelly  or  viscous  lubricating  oil  having 
no  substantial  solvent  effect  upon  the  Amm 
salt  and  having  a high  bp.  The  above  reac- 
tion medium  is  brought  into  contact  at  RT 
with  the  desired  nitrocompd  in  the  solid 
state  and  the  resulting  Amm  salt  of  the  ni- 
trocompd i s removed 

Ref:  E.Berl  & W.Berl,  USP  2,350,  322(1944) 

& CA  38  , 4961(1944) 

Ammonium  Salts,  Quarternary.  Several  org 
quartern  ary  Amm  salts  were  prepd  by  Tadros 
et  al.  When,  in  the  prepn  of  4-formyl-2-nitro- 
pheny ltrimethy lammonium  salt,  a mixt  of 
4-dime  thy  lamino-3-nitrobenzaldehyde 


(CHj)2N*C#Hj(1M02  )-CHO  with  methyl  sulfate 
(CHj), S04  was  heated  to  ca  140°,  a violent 
expin  took  place 

Refs:  1)W. Tadros  & A.Latif,  JCS  1949, 

3337-40  & CA  44,  4888(1950)  2)W.Tadros 
& A. Kamel,  JCS  1951,  1890-2  & CA  46, 
920(1952) 

Ammonium  Salts  Which  are  Explosive,  ex- 
amined by  H.Kast  and  described  in  SS  21, 
205-9(1926)  and  SS  22,  6-9,  30-4,  56-61, 
77-80,  99-102  & 131-5(1925)  included: 
azide,  bichromate,  chlorate,  nitrate,  nitrite, 
perchlorate,  permanganate  and  trichromate 

Ammonium  Sulfomate,  See  under  Sulfamates 

Ammonium  Sulfate.  See  under  Sulfates  and 
Persulfates 

Ammonium  Sulfide.  See  under  Sulfides 

Ammonium  Sulfite.  See  under  Sulfites 

Ammonium  Tartrate.  See  under  Tartrates 

Ammonium  Tri  a zi  do  cuprate.  Same  as  Triazido- 
cuprate,  Ammonium 

Ammonium  Trinitrate,  NH4NCV2HNOj,  pris- 
matic ndls,  mp  29—30°  and  Ammonium  Dini- 
trate, NH4NOj-HNOj,  lfts  or  plates,  mp  ca  12°. 
Both  salts  were  obtained  by  Groschuff(Ref  1) 
from  AN  and  anhyd  nitric  acid  under  cooling. 
Both  salts  were  found  to  be  hygroscopic  and 
the  dinitrate  decompd  by  water.  Duke  & 
Lleveilyn(Ref  2)  gave  a detailed  description 
of  prepn  of  trinitrate  as  well  as  its  cryst 
structure  as  detd  by  means  of  X-rays.  Its  expl 
props  were  not  examined 
Refs:  l)E.Groschuff,  Ber  37,  1487-8(1904) 

2)J.R.C.Duke  & F.J.Llevellyn,  ActaCrystallo- 
graphica  3,  305-11(1950)  & CA  45,  923(1951) 

Ammonium  Trinitrocresylate  or  Ecrasite.  See 
Trinitrocresol,  Ammonium  Salt,  under  Cresol 
and  Derivatives 

Ammonium  U I mate  or  Ammonium  Humate  is  a 

substance  obtained  in  1889  by  Gaens  on  boil- 
ing peat(previously  washed)  with  a soln  of 
NajCOj.  An  expl  mixt  contg  this  "ulmate*  ’ , 
KNOj  and  collodion  cotton(gelatinized  by 
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ethyl  acetate)  was  patented  by  Gaens(Ref  1) 
and  another  expl  prepd  by  mixing  the  "ul- 
mate'  ’ with  molten  naphthalene  was  pat- 
ented by  Reuland 

Refs:  l)Daniel(1902),p  322(under  Gaens) 

2)Ibid,p  681(under  Reuland) 

Ammonium  Urate.  See  under  Urates 

Ammonlcarbonit.  See  Ammoncarbonit  in 
PATR  2510(1958), p Get  5 

Ammon-Nobelit.  See  in  PATR  2510(1958), 

P Ger  5 

Ammono-Basic  Lead  Nitrate, Pb,N(NOs)-nNH3, 
N(detd)  ca  7.6%.  Wh  to  yel  amorphous  pow- 
der obtained  by  Franklin  by  the  action  of 
K amide  on  Pb  nitrate,  both  dissolved  in  liq 
NHS.  The  resulting  ppt  which  settled  with 
difficulty  was  dried  and  analyzed.  Its  expl 
props  were  not  detd 

Ref:  1)E.C. Franklin, JACS  27,  846(1905) 

Ammonolysis  is  the  direct  reaction  of  am- 
monia with  an  organic  compd.  This  reaction 
is  used  for  the  prepn  of  various  amines,  ni- 
tramines,  etc  and  some  of  these  products 
are  or  may  be  converted  into  expls 
Refs:  l)W.C.FerneIius  & G.B.  Bowman, Che  ra- 

Revs  26,  3-48(1940)(286  refs) (Ammonoly- 
sis in  liquid  ammonia)  2)Kirk  & Othmer  1 
(1947),  826  — 44(89  refs)  3)A.C. Stevenson, 

IEC  Sept  1948  to  1952,  under  "Unit  Process 
Review”  4 )G.H. Coleman, IEC  Sept  1953, 
under  "Unit  Process  Review’  ’(No  ammonoly- 
sis reviews  appeared  in  the  years  1954-1957) 

5)Groggins(1958),388-485 

Ammonpek,  A Russian  coal  mining  expl  con- 
sisting of  AN  95  and  coal  tar  pitch  (pek)  5% 
Ref:  A. D. Blinov,  "Kurs  Artiileriee,”  Voyen- 
noye  Izdatei’  stvo, Moscow, v 2(1949) 

Ammonpentrinit  or  Ammonpenthrinife  is  a 

Pentrinit  in  which  some  AN  is  incorporated 
(up  to  50%)  in  order  to  obtain  expls  suitable 
for  blasting  purposes.  Pentrinits  are  plastic 
non-exudable  expls  invented  ca'1928  by 
Dr  A.Stettbacher,  Zurich,  Switzerland.  One 
of  the  first  mixts  contained  PETN  80  & 


NG  20%  and  was  considered  suitable  for 
loading  shells  and  as  a base  chge  in  deto- 
nators(using  0.04  g of  LA  as  a primary  chge). 
If  CC( collodion  cotton)  is  incorporated,  the 
expl  is  called  Gelatinepentrinit.  Pentrinit 
was  prepd  and  investigated  at  the  Gamsen- 
Brigue  plant  of  the  Societe  Suisse  des 
Explosifs  and  proved  to  be  an  outstanding 
expl,  particularly  effective  for  underwater 
expins.  Incorporation  of  ca  15%  of  A1  in- 
creases the  efficiency  but  higher  amts  seem 
to  decrease  it.  For  low -freezing  pentrinit, 

NG  is  mixed  with  20—25%  of  NGc(nitroglycol) 
The  enclosed  table  gives  the  composition 
and  some  props  of  Ammonpen  trinits 


Ammonpentrinits  of  Stettbacher 


Compn  & Props 

1 

2 

3 

4 

5 

PETN 

40.9 

40.6 

37.0 

31.0 

33.8 

NG 

40.9 

7.6 

7.2 

7.5 

50.7 

NGc 

- 

2.6 

2.0 

— 

— 

CC 

1.6 

— 

0.8 

0.5 

0.5 

an 

16.6 

47.5 

48.0 

59.0 

15.0 

DNT(liq) 

- 

- 

5.0 

— 

- 

Vaselin 

— 

1.7 

— 

2.0 

— 

d(loading) 

— 

— 

1.37 

— 

— 

d(max) 

— 

- 

1.45 

— 

— 

Deton 

— 

— 

6600 

— 

— 

Vel,  m/s 
Gas  Vol 

430 

at  NTP,I/kg 
Trauzl  Test 

Value, cc 

(See  also  Gelatinpentrinit  and  Pentrinit) 

Refs:  1)A .Stettbacher,  SS  23,  345—8(1928) 

2)Ibid,AngewChem  43  , 844  - 7(1930)  3)Ibid, 
Nitrocellulose  4,  179,199,222-7(1933)  & 5, 
6-12(1934)  4)Davis(1943),  281  5)Stett- 
bacher(1948),  83—5  6)Stettbacher,  Polvoras 
(1952),  113  7)Dr  A. Stettbacher, Zurich, 
Switzerland;  private  communication  Dec  14,1953 
Ammonpulver.  See  PATR  2510(1958),  p Ger  5 
Ammonsalpeter(Ger).  Ammonium  Nitrate 

Ammon  solpeterspr  eng  stoffe( Ger).  Ammonium 
Nitrate  Explosives(see  PATR  2510,  p Ger  5) 
Ammon  Semi-gelatine  or  Semi-gelatine  is  one 
of  the  modern  Brit  "non -permit ted”  expls 
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uased  on  AN:  NG  and  NGc  15.0,  NC  0.3, 

A Kl  "7  0 "7  Or  1 /:  r\rr* 

/ o*  / w i^aiuujjflvcuua  niiuciiiii  u.U/fl. 

It  is  a cohesive  substance  with  d of  1.2 
and  its  power  is  equal  to  82%  that  of  blast- 
ing gelatin 

Ref:  Taylor  & Gay(l958),  26 


Ammonsprenggelatine.  A gelatinized  dyna- 
mite consisting  of  NG(gelatinized  with 
2-3%  CC)  38-47,  AN  45-5  5,  dry  meal 
3.5-5. 0 and  Na2 C03  0.5% 

Ref:  CondChemDict(1942),  287(not  listed 
in  newer  editions) 


^ .a.  .!»  _ c _ _ r 

niiuii viisvi  iuiaui|it;ivr«  sjjci  name  iur  IIJIXIS  or 

AN  & Amm  sulfate  used  in  fertilizers 
Ref:  Stettbacher(1948h  81 


Ammontol  or  Russian  Mixture(Russkaya  Smes’). 
A castable  HE  mixt  used  for  filling  project- 
iles: AN  50,  TNT  38  and  TNX(called 
* *ksilil*  * in  Russian)  12%. 

Ref:  A. D. Blinov,  "Kurs  Artilleriee,* * Voyen- 
noye  Izdatel’ stvo,  Moscow ,v  2(1949),  64—5 

Ammonxyi.  See  Ammoksil 


Ammonyaku.  A mixt  of  AN  & charcoal  used 
by  the  Japanese  as  a ’’substitute  explo- 


p„/.  A, 


* * LI  r»n  ^ k rv  ( Ta«-yo**w 


Explo- 


sive  Ordnance,’’.  OpNav  30-3M,  GovtPrtg 
Off, Washington, DC(1945),  29 


AMMUNITIONS  AND  WEAPONS  OR  ARMS 

[Munitionen  und  Waffen  in  Ger;  Munitions  et 

ArmAC  in  Pr*  \ Hm^hivp 

— - - 3 / ~ [ £ / “ V-- / - 

(Boyevyiya  Sredstva)  in  Russ;  Municiones  y 
Armas  in  Span;  Munizioni(Proietti)  e Armi 
in  Ital],  Ammunition  is  any  material  used  in 
warfare  and  designed  to  inflict  damage  upon 
the  enemy.  The  term  includes  the  complete 
round  of  ammunition  as  well  as  other  compo- 
nents or  elements.  Reduced  to  its  funda- 
mentals, ammunition  usually  consists  of  a 
container(metallic  or  other  material)  con- 
taining propeliant  and  a missile  with/ or 
without  explosive.  We apons  may  be  sub- 
divided into  small  arms  (calibers  up  to  about 
0.60"  in  the  OS)  such  as  pistols,  revolvers, 
carbines,  rifles,  submachine  guns  & machine 


guns;  artillery  ammunition{ca\ibets  of  20  mm 
and  larger  in  the  US),  such  as  guns(cannons), 
howitzers  & mortars  as  well  as  recoiless 
rifles,  rocket  launchers  & pyrotechnic  pistols 
The  basic  types  of  ammunition  are: 

I.  Small  Arms  Ammunition(SAA),  which  in- 
cludes various  kinds  of  bullets  to  be  fired  by 
propellants  enclosed  in  metallic  cartridges 

fr^rry  .....  „ ~~~  f l„  J ' » II » > J 

4AVUI  Y¥  l_  apUil  LD  V CL  1*U  U 3111  flil  0X1110  OUU 

which  are  carried  by  one  or  two  men.  US  small 
arms  axe  weapons  0.60  inch  or  under  in  cali- 
ber and  include:  rifles(except  recoiless), 
semi-automatic  rifles,  automatic  rifles,  pis- 
tols, revolvers,  carbines,  machine  guns  and 
submachine  guns.  This  category  also  in- 
cludes shells  used  in  shot  gun  and  rifle  gren- 
ade s 

Note:  The  British  also  use  inches  to  express 
calibers  of  their  small  arms  and  ammunition, 
whereas  nearly  all  other  countries  of  the 
world  use  the  metric  system 


II.  Artillery  Ammunition  consists  of  project- 


I o/  f/y  fr/ 


/ onnn  c 


I r 


than  0.60  inch  in  caliber.  Calibers  of  US 
artillery  ammunition  and  weapons  are  given 
mostly  in  millimeters,  some,  however  are 
given  in  inches(eg,  most  naval  guns) 


Artillery  ammunition  may  be  classified  as 
fol 1 ow  s : 

A)According  to  Service  Use:  This  includes: 
a)Service  Ammunition— designed  to  inflict 
damage  on  the  enemy  b)Practice  Ammuni- 
tion-designed for  training  troops  in  marksman- 
ship. The  filler  of  the  projectile  may  be  inert 


or  consist  of  a small  explosive  charge  serv- 
ing as  a ' ‘spotting  charge’’  c)Drtll  or 
Dummy  Ammunition— designed  to  train  gun 
crews  in  the  motions  of  loading  and  firing  a 
weapon  without  actually  firing  it;  there  is  no 
explosive  filling  d)Blank  Ammunition— de- 
signed primarily  for  saluting  purposes  and 
for  simulated  fire.  It  is  also  used  for  accus- 
toming animals(such  as  horses,  mules,  dogs, 
etc)  to  the  sound  of  fire;  there  is  a propel- 
lant which  is  retained  by  a wad  but  no  pro- 
jectile 

Note:  This  classification  may  also  be  ap- 
plied to  small  arms  ammunition 
6) According  to  Tactical  Use.  This  includes 
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the  following  projectiles(shells):  HE(high 
explosive),  HE— T(high  explosive  with 
tracer),  AP(armor-piercing),  AP— T(armor- 
piercing  with  tracer),  CP(concrete-piercing), 
SAP(semi-armor-piercing),  HE  AT(high- 
explosive,  antitank),  HEP-T(high  explo- 
sive-plastic, with  tracer),  HEI(high  explo- 
sive-incendiary), H V AP(hyper-vel  oc  ity 
armor-piercing),  HVTP— T(hyper-velocity, 
target  practice,  with  tracer),  TP-T(target- 
practice,  with  tracer),  |ncend(incendiary), 
lllum(illununating)  and  Con(canister) 

C) According  to  the  Type  of  Weapon  from 
which  the  Projectile  is  Fired.  This  includes 
two  types  of  artillery  weapons:  a)Fixed 

Artillery  or  Artillery  of  Position— designed 
for  permanent  emplacements.  This  may  in- 
clude: siege  artillery,  harbor  and  seacoast 
defence  artillery,  antiaircraft  artillery  and 
sometimes  antitank  artillery.  Guns(cannons), 
mortars  and  howit2ers  of  calibers  155  mm 
and  higher  are  used  for  this  type  of  artillery 
b)Mobile  Artillery— designed  to  be  movable 
from  place  to  place  to  accompany  or  follow, 
the  troops.  This  may  include:  field  artillery 
(self-propelled  and  towed),  tank  and  anti- 
tank artillery,  armored  vehicles  artillery  and 
antiaircraft  artillery.  Weapons  of  smaller  than 
155  mm  are  used  for  this  type  of  artillery  but 
there  are  some  mobile  guns(usually  towed) 
which  are  larger  than  155  mm.  Artillery  used 
on  gunboats,  as  well  as  naval  and  railroad 
artillery,  may  also  be  included  in  this  type. 
Naval  artillery  is  of  all  ca li be rs( large  and 
small)  whereas  railroad  artillery  comprises 
mostly  large  caliber  weapons,  such  as  the 
155  mm  gun  and  larger.  Antiaircraft  artillery 
may  also  be  considered  as  one  of  the  types 
of  mobile  artillery,  but  it  is  usually  con- 
sidered separately 

Note:  It  is  regrettable  to  say  that  there  are 
no  modern  comprehensive  treatises  on  US, 
Brit,  French,  Ital,  Spanish,  etc  Artillery 
Weapons.  Most  of  the  existing  books  are 
either  too  brief  or  obsolete.  The  Russian 
book  ' 'Kurs  Artilleriee’ ’ by  Blinov(Ref  52) 
is  fairly  comprehensive  but  it  is  now  out  of 
print(A  copy  is  available  in  the  Library  of 
Congress) 


III.  Aircraft  Ammunition  includes  anything 
fired  or  dropped  from  a plane,  such  as  shells, 
bullets,  rockets,  bombs,  aerial  torpedoes, 
aerial  mines  and  pyrotechnic  devices 

IV.  Rocket  Ammunition  is  fired  from  a device 
called  a "launcher,’’  such  as  the  "bazooka’’ 
of  WW  II  fame.  Rocket  launchers  consist  of 
either  guide  rails  or  guide  tubes  fitted  with 
some  electric  ignition  device.  Each  rocket 
carries  its  own  propelling  type  motor  and  a 
warhead  containing  an  HE  or  a chemical  agent 

V.  Jotos  consist  of  propelling-type  motors 
used  to  furnish  auxiliary  thrust  in  the  launch- 
ing of  aircraft,  rockets,  guided  missiles,  tar- 
get drones  and  mine  clearing  detonating  cables 

VI.  Guided  Missiles  consist  of  propelling -type 
motors  fitted  with  warheads  contg  HE  or  other 
active  agents  and  equipped  with  guidance  de- 
vices 

VII.  Grenades  are  explosive-  or  chemical- 
filled  projectiles  of  a size  and  shape  conveni- 
ent for  throwing  by  hand  or  projecting  from  a 
rifle  or  a launcher 

VIII.  Bombs  are  containers  filled  with  an  ex- 
plosive, chemical  or  other  agent,  designed  for 
release  from  aircraft 

IX.  Land  Mines  are  containers,  metal,  plastic 
or  wood,  filled  with  HE  or  chemical  agents, 
designed  for  placing  in  or  on  the  ground  for 
initiation  by  and  effect  against  enemy  vehicles 
or  personnel.  This  includes  some  booby  traps 
(Other  booby  traps  are  not  land  mine  types) 

X.  Demolition  Materials  consist  of  explosives 
and  explosive  devices  designed  for  demolition 
purposes  or  for  blasting  in  connection  with 
military  construction 

XI.  Pyrotechnic  Ammunition  includes  devices 
used  for  signaling,  illuminating  or  igniting 
purposes.  It  may  be  classified  according  to 
tactical  use  as  ground  devices,  which  are 
fired  or  used  on  the  ground,  and  aircraft  de- 
vices released  from  aircraft.  Following  are 
examples  of  pyrotechnic  items:  flares(trip, 
airport,  ground,  aircraft,  parachute,  reconnais- 
sance & landing,  observation,  bombardment 
and  tow  range);  photoflash  cartridges  and 
bombs;  tracers  in  artillery  projectiles;  igniters 
(in  incendiaries  and  for  jet  propulsion  units); 
signal  smokes  and  gunflash  simulators 
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Xll.  Miscellaneous  Ammunition  includes  items 
not  listed  in  the  above  groups,  such  as  torpe- 
does(sea,  aerial  and  bangalore),  depth  charges, 
sea  mines,  destructors,  cartridge -actuated 
devices(designed  to  facilitate  an  emergency 
escape  from  high-speed  aircraft),  etc 
Ammunition:  Complete  Round  of,  includes  all 
the  components  necessary  to  fire  a weapon 
once.  In  the  case  of  small  arms  ammo,  a com- 
plete round  consists  of  a primed  cartridge 
with  propellant  and  a bullet  with/or  without  a 
tracer.  In  the  case  of  artillery  ammo,  a com- 
plete round  consists  of  propellant  in  a primed 
cartridge  case  or  in  bags,  an  igniter  train  and 
a projectile  and/or  high  explosive  shell. 
American  artillery  ammo  may  be  divided  into 
the  following  three  classes,  depending  upon 
the  type  of  enclosure  used  in  loading  the 
propellant  charge: 

a) Fixed  Ammunition.  The  propellant  charge 
is  enclosed  in  a metallic  cartridge  which  is 
provided  at  the  base  with  a primer  and  an 
igniter  and  at  the  open  end  with  a rigidly 
fixed  projectile.  The  round  is  all  in  one  unit 

b) Semifixed  Ammunition.  The  propellant 
charge  is  contained  in  several  cloth  bags 
which  are  placed  in  the  cartridge  provided 
at  the  base  with  a primer  and  an  igniter.  The 
other  end  of  the  case  is  loosely  attached  to 

a projectile  so  that  it  can  be  removed  before 
firing  in  order  to  adjust  the  number  of  bags 
to  the  desired  muzzle  velocity  and  range 
selected  for  the  projectile.  The  unit  is  self- 
contained  and  ready  to  fire  c)Separate- 
loaded  Ammunition.  The  propellant  charge 
is  contained  in  several  bags  which  are  trans- 
ported separately  from  the  projectile.  In 
loading  the  gun,  the  projectile  is  inserted 
through  the  breech  of  the  gun  and  rammed 
into  place;  this  is  followed  by  bags  of  pro- 
pellant, loaded  one  by  one  until  the  desired 
charge  is  reached;  the  breech  is  then  closed 
and  the  primer-igniter  and  the  firing  mechan- 
ism inserted 

The  above  classification  applies  only  to 
the  US  artillery  ammunition.  Other  countries 
may  have  different  systems 

For  instance,  the  German  artillery  of 
WW  II  consisted  of  the  following  two  types: 


a) Einheitsmunition  oder  P atronenmunition 
(One-piece  Ammunition  or  Cartridge  Ammuni- 
tion), corresponding  to  US  fixed  ammunition 

b) Kartuscbmunition  oder  Getrenntemunition 
(Canister  Ammunition  or  Separated  Cartridge 
Ammunition)— This  was  somewhat  interme- 
diate between  US  semi-fixed  and  separate- 
loaded  ammunition.  It  consisted  of  a pro- 
jectile which  was  placed  in  the  weapon  first 
and  a canister(cartridge),  provided  with  a 
primer  and  contg  one  or  several  bags  with 
propellant  charges,  which  was  loaded  into 
the  breech  afterward.  The  canister  was  not 
fixed  to  the  projectile.  The  number  of  bags 
with  propellant  charges  could  be  varied 
according  to  the  range  requirement  at  the 
place  of  firing 

The  Russians,  according  to  Blinov,  vol  5 
(Ref  52),  used  the  following  types  of  artil- 
lery complete  rounds: 

a)P alronnoye  Zariazbeniy e(Cartridge  Load- 
ing). This  corresponds  to  US  "fixed’  ’ am- 
munition and  is  used  for  rounds  up  to  and 
including  100  mm  b)Patrony  s Sostavnymi 
Zanadami  v Metalicbeskikb  Ghil'  za&ik(Raunds 
with  Composite  Charges  in  Metallic  Car- 
tridges)—corresponds  approximately  to  US 
"semi-fixed"  ammunition,  but  the  round  is 
loaded  in  two  operations*  first  the  projectile 
(snariad)  and  then  the  metal  cartridge  case 
(ghil'za)  with  the  propel  lant(porokh).  This 
type  of  ammo  was  fired  from  107,  122  and 
most  152  mm  weapons  c)Razdel’  noye 
Zaj7az&em'ye(Separate-Ioaded  Ammunition)  — 
corresponds  to  the  US  "separate-loaded" 
ammo,  but  the  round  is  loaded  in  three  opera- 
tions; first  the  projectile( snariad),  then  the 
cloth  bag(kattoozy)  with  propellant(porokh) 
and  finally  igniterfvosplamenitel’).  This  type 
of  ammo,  also  known  as  Kartooznoye  Zaria - 
zheniye,  was  used  in  152  mm  Ml 93 5 cannon 
and  in  all  cannons  and  howitzers  of  larger  caliber 

Mote:  More  information  on  German  ammo  & 
weapons  may  be  found  in  PATR  2510(1958) 

(Ref  100)  and  in  Refs  25,45,73,75,76,89  & 

102.  A comprehensive  treatise  on  Russian 
artillery  may  be  found  in  the  books  of  Blinov 
(12  vols)(Ref  52)  and  a brief  description  is 
given  in  conf  PATR  2145(1955)  (Ref  89a)  and 
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in  Ref  45.  Russ  ammo  in  general  is  de- 
scribed in  Ref  44  and  in  conf  Ref  74.  Russ 
machine  guns  and  other  automatic  weapons 
are  described  in  conf  vol  2 of  Chinn’ s 
books(Ref  73).  Some  French  ammo  & wea- 
pons are  described  in  Refs  12  & 14  and  in 
a series  of  booklets  by  Pichene(Ref  63,  64, 
65,  66,  67,  68,  81,  86,  & 88).  A few  Fr  items 
are  described  in  TM  9— 1985— 6(Ref  79), 
which  is  identical  with  OP  1668(1946) 

(Ref  44a).  Some  info  on  British  items(mostly 
obsolete)  is  given  in  Refs  1,2*3,4,5,6,7,28 
& 96).  Several  Brit  ammo  items  are  described 
in  conf  TM  9— 1985— 6(Ref  79)-  Incomplete 
inf  o on  Italian  ammo  is  given  in  Refs  44a  & 
79-  Some  info  on  Japanese  ammo  may  be 
found  in  Refs  40,  77  & 78.  No  info  at  our 
disposal  exists  on  ammo  & weapons  of 
Austria,  Belgium,  Egypt,  Greece,  India, 
Mexico,  South  American  countries(except 
Argentina),  Persia,  Spain,  Sweden,  Switzer- 
land, Turkey,  and  of  the  countries  with 
communistic  governments(Albania,  Bul- 
garia, China,  Hungary,  Poland,  Rumania 
and  Yugoslavia) 

Calibers  and  Uses  of  Small  Arms  Ammuni- 
tion^ SA) 

Cal  .22(0.223")  (5.59  mm)-for  cal  .22  long 
and  short  rifles(TM  9-1990) 

Cal  7.62  mm(0.300"),  M6l-for  cal  7.62  mm 
NATO  rifles  M14  & M15  and  for  AR-10 
"Arroalite”  rifles(Ref  100, pp  34-9) 

Cal  7.62  mm— for  cal  7.62  mm  machine  gun 
M60(Ref  100,p  44) 

Cal  .30(0.3075")  (7.81  mm)  M2-for  rifle  Ml, 
carbine,  Krag(subcaliber)  machine  gun  and 
rifle-grenade  cartridges(TM  9-1990) 

Cal  .32  (0.314")  (7.98  mm)— for  automatic 
Colt  revolver  and  S & W revolver  (TM9-1990) 
Cal  9 mm(0.354")— for  Parabellum  pistol 
(TM  9-1990) 

Cal  .380(0.356")  (9-04  mm)— for  automatic 
pistol,  called  9 mm  short(TM  9-1990) 

Cal  .38(0.359")  (9.12  mm)— for  super  auto- 
matic Colt  special  and  S & W (TM  9-1990) 
Cal  .38(0.375")  (9.52  mm)— for  short  Colt 
(TM  9-1990) 

Cal  .45(0.4505")  (11.44  mm)— for  automatic 
pistols,  revolvers  and  submachine  guns 
(TM  9-1990) 


Cal  .50(0.5110")  (12.98")— for  machine  guns, 
including  multiple  MG.M55  Shotgun  shells: 
12,  16,  20  and  .410  gage  (TM  9-1990) 

Calibers  and  Uses  of  Artillery  Ammunition 
and  Rockets(USA) 

Cal  20  mm(0.787")  (fixed)— for  20  mm  auto- 
matic guns  AN-M2,  M3,  BRHS  & M24  mostly 
used  as  aircraft  cannons(TM  9—1901) 

Cal  37  mm(1.457")  (fixed)— for  37  mm  auto- 
matic guns  M1A2,  M4,  M6  & M9,  used  as  AA 
and  as  aircraft  cannon(TM  9—1901)  & Ref  49, 
pp  140-1) 

Cal  40  mm(1.575")  (fixed)— for  40  mm  auto- 
matic A A gun  Ml(Bofors)  (Ref  49, p 146) 

Cal  40  mm(fixed)— for  40  mm  guns  M1A2, 

Navy  MK1  and  for  twin  self-propelled  gun 
M42(TM  9-1901  and  Ref  100, pp  14  & 20) 

Cal  57  mra(2.244")  (fixed)— for  57  mm  gun  Ml 
(TM  9-1901) 

Cal  57  mm(fixed,  perforated  cartridge )— for 
57  mm  recoilless  rifle(TM  9—1901  & Ref  100, 
P 39) 

Cal  2.36"(59.9  mm)  rocket  M6A3— for  2.36" 
rocket  launcher  ’’Bazooka”  (Ref  49,p  178) 
Cal  60  mm(2.362")  mortar  ammo— for  60  mm 
mortars  M2  & M19(TM  9-1901  & Ref  49, 

P 161) 

Cal  75  mm(2.953")  (fixed)— for  75  mm  guns 
M3,  M6,  M17  and  the  "Skysweeper ’*  (Ref 

100, p 15) 

Cal  75  mm(fixed  and  semifixed)— for  75  mm 
howitzers  MlAl(pack)  and  M3(TM  9-1901) 
Cal  75  mm(fixed,  perforated  cartridge)— for 
75  mm  recoilless  rifle  M20(TM  9— 1901) 

Cal  76  mm(2.992")  (fixed)— for  76  mm  guns 
M1A1C  & M29(TM  9-1901) 

Cal  3 "(76.2  mm)— for  3"  A A gun  M3  and 
A/T  gun  M5(Ref  49, p 148) 

Cal  81  mm(3.19")  mortar  ammo— for  81  mm 
mortars  Ml,  M21  & M29(TM  9-1901)  & 

Ref  49, p 165) 

Cal  3.25 "(82.55  mm)  rocket  M2(referred  to 
as  "target  rocket’  ’ )-for  3.25"  rocket  pro- 
jector Ml(Ref  49, p 180) 

Cal  3.5"(88.9  mm)  rocket— for  3.5"  rocket 
launcher(Ref  100, p 42) 

Cal  90  mm(3.54")  (fixed)— for  90  mm  guns  Ml, 
M1A1,  M1A2,  M2,  M2A1,  M3,  M3A1  & T8 
(TM  9-1901  & Ref  100, p 15) 

Cal  90  mm(fixed)— for  90  mm  self-propelled 
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gun  M56,  also  known  as  ’’assault  gun’  ' 

(Ref  100, p 40) 

Cal  105  mm(4.I34")  (semifixed)— for  105  nim 
howitzers  M2A1,  M3  & M4(TM  9-1901) 

Cal  105  aim  mortar  ammo— for  105  mm  mortar 
T13(Ref  49, p 168) 

Cal  105  mm(perforated  cartridge)— for  105  mm 
recoilless  rifle(Ref  100,p  40) 

Cal  106  mm(4.17")  (perforated  cartridge  ammo) 
—for  106  ram  recoilless  rifle  M40Al(Ref  100, 

P 39) 

Cal  4.2"(106.7  mm)  mortar  ammo— for  4.2" 
mortar  M2,  M3  and  M30(TM  9-1901)  & Ref 
100,p  43) 

Cal  4.5"(H4.3  mm)  (separate-loading)— for 
4.5 M gun  and  for  howitzer  Ml(Ref  57) 

Cal  4.5"  rockets— for  4.5"  rocket  launchers 
M23,  T36  & T66(Ref  49,p  182  & Ref  100, 

P 43) 

Cal  120  mm(4.72")  (separate-loading)-for 
120  mm  AA  gun  M1(TM  9-1901) 

Cal  155  mm(6.10n)  (separate-loading)—  for 
155  mm  guns  Ml  & M2  and  howitzer  Ml 
(TM  9-1901  & Ref  100, p 18) 

Cal  155  mm  mortar  ammo— for  155  mm  mortar 
T25(Ref  49, p 170) 

Cal  155  mm(perforated  cartridge  ammo)-for 
155  mm  recoilless  rifle(Ref  57) 

Cal  175  mm(6.89")— for  175  mm  self-propelled 
gun  T235(Ref  100, p 11) 

Cal  7.2"(182.9  mm)  rocket— for  7.2"  multiple 
rocket  launcher  M17fRef  49, p 182) 

Cal  8"(203  mm)  (separate  loading)— for  8" 
gun  Ml  and  howitzer  M2(TM  9—1901) 

Cal  8"  rocket  T25— for  8"  rocket  launcher 
T53(Ref  49, p 194) 

Cal  240  mm(9.449'')(separate-loading)-for 
240  mm  howitzer  M1(TM  9—1901) 

Cal  280  mm(11.024")  (separate-loading)— 
for  280  mm  gun(Ref  100, p 9) 

Cal  318  mm(12.91")  rocket  "Little  John”  — 
for  318  mm  rocket  launcher(Ref  100, p 24) 

Cal  14"(355-6  mm)  (separate-loading)— for 
14"  guns(TM  9-1904) 

Cal  762  mm(30. 29")  rocket  "Honest  John5  5 - 
for  762  mm  rocket  launcher(Ref  100, p 23) 

Cal  914  mm(35.98M)  mortar  ammo— for 
914  mm  mortar,  nicknamed  "Little  David” 

(Ref  49, PP  172-3) 


Calibers  of  guided  missiles:  Corporal,  Dart, 
Hawk,  Jupiter,  Lacrosse,  NikefAiax  & Hercu- 
les) Redstone,  etc  are  classified(Ref  10 
pp  25-33  & 41) 

Subcaliber  and  blank  ammunition  are  described 
in  TM  9-1901,  etc 

Notes:  a)Moitars  are  either  smooth-bore  or 

rifled  b)Some  of  the  items  listed  above  may 
be  still  in  the  development  stage  and  some 
were  used  during  WW  II  but  not  since(for  ex- 
ample, the  914  mm  mortar) 

(See  also  Bangalore  Torpedoes,  Bullets, 
Bombs,  Cartridges,  Demolition  Materials, 

Depth  Charges,  Grenades,  Guided  Missiles, 
Jatos,  Land  Mines,  Projectiles,  Pyrotechnic 
Devices,  Rockets,  Sea  Mines,  Shells  and 
Torpedoes) 

References  on  Ammunition  and  Weapons: 

1)W.W. Greener,  "The  Gun  and  Its  Develop- 
ment,” Cas  sell, Peter, Galpin  & Co, London 
(1881)  2)Sir  Andrew  Noble,  "Artillery  and 
Explosives,”  Dutton  Co, NY(  1906)  3)  Ad- 
miral ty(  Brit),  "Handbook  on,  Ammunition,*  5 
HMSO,London(1909)  4)H. A. Bethel,  "Mod- 
ern Guns  and  Gunnery,5  5 Cattermole,Wool- 
wich(1910)  5)0rdnance  College, Woolwich, 
"Textbook  of  Gunnery,”  HMSO, London, 
parts  1 & 2(1911  & 1914)  6)War  Office, 
"Treatise  on  Ammunition,5  5 HMSO, London 
(1915)  7)H.M.L.  Hime,  "The  Origin  of 

Artillery,55  Longmans, Green  & Co, London 
(1915)  8)0.M.Lissak,  11  Ordnance  and  Gun- 
nery ;wiley,NY(  191 5)  9)W.H.Tschappat, 
"Textbook  of  Ordnance  and  Gunnery’,1 tyiley, 
NY(1917)  10)G.van  der  Haegen,  "Armes  et 
Munitions,”  H.Desoer,Liege(19l9)  11)US 
Ordnance  Dept  Document  No  2034,  "Railway 
Artillery,55  US  GovtPrtgOff, Washington, DC, 
vols  1 & 2(1918-1922)  12)P.Charbonnier, 
MAF  7,  1227(1927)  and  11,  ler,  2e,  3C  & 4e 
fascicules(1932)  (Artillery)  12a)A.  Basset, 

MAF  11,  865-1035(1932)  (Les  Grands  Maitres 

de  l5  Arcillerie)  13)E. McFarland,  "Textbook 
of  Ordnance  and  Gunnery,55  Wiley ,NY(1932) 

14) A.Basset,MAF  13,  529-78(1934)  (Biblio- 
graphy on  Artillery;  more  than  1000  refs) 

15) M.I. Globus,  "Artillery  Projectiles,” 
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(in  Russian),  Izd  ArtiiAkad,Moscow(1934) 

16) Anon,  "Basic  Field  Artillery,’  ’ Military 
Service  Publg  Co, Harrisburg, Pa(1934) 

17) Anon,  "Coast  Artillery,’ ’ MilServPublg 
Co,Harrisburg,Pa(1935)  18)H.G.  Bishop, 
"Field  Artillery,  The  King  of  Battle,’’ 
Houghton  Mifflin  Co,Boston(1935)  18a )A. 
Basset,  MAF  14,  881-1280(1935)  (Essais 
sur  I’Historique  des  Fabrications  d’Ar- 
mernent  en  France)  19)J.S.Hatcher, 
"Textbook  of  Pistols  and  Revolvers,’  ’ 

Small  Arms  Publg  Co, Marines, N Carolina 
(1935)  2 0)J.N. Bingen,  "La  Technique  de 

1’ Artillerie,”  L’Ecole  Royale  Militaire  de 
Belgique,  5 vols(1935-6)  21)G.Isidori, 
"Corso  di  Resistenza  delle  Artigliere,' ’ 
Rafaelo  Giusti,Llvorno(1937)  [Reviewed  in 
MAF  17,  lef  fasc(1938)]  22)T.J.Haye s, 

M Elements  of  Ordnance,’’  Wiley, NY(1938) 

23) Officers  of  the  US  Navy,  "Naval  Ord- 
nance,’ ’ US  Naval  Inst,  Annapolis, Md(1939) 

24) Anon,  "Ammunition,  Powder  and  Explo- 
sives,’’ The  Ordnance  School  Course, 
Picatinny  Arsenal, Dover, NJ(1940)  25)G. 
Bock,  "Moderne  Faustfeuerwaffen  und  ihr 
Gebrauch,’  ’Neudamm,Berlin(1941) (462  pp) 
26)J.C.de  Wilde,  D.H, Popper  8i  E. Clark, 
"Handbook  of  the  War,”  Hough tonMifflin 
Co,Boston(I939)  27)A.M.Low,  "Modern 
Armaments,”  J. Gifford  Ltd,London(1939) 
28)L.Renn,  "Warfare,”  Faber  & Faber, 
London(1939)  29)T.Wintringham,  "New 
Ways  of  War,”  PenguinBooks,NY(1940) 

30) H.Foertsch,  "The  Art  of  Modern  War- 
fare,’’ VeritasPress,NY(1940)  30a)Anon, 
"Coast  Artillery  Ammunition,”  TM  4—205 
(1940);  changes  No  1(1942)  & No  2(1944) 

31) M.M. Johnson, Jr  & C.T. Haven,  "Auto- 
matic Arms,”  W.Morrow,NY(1942) 

32) Anon,  "Naval  Weapons  and  Their  Uses,’  ’ 
US  Navy  Dept, Washington, DC(1943) 

33) J.R. Newman,  "The  Tools  of  War,” 

Doran  & Co,NY(1943)  (History,  develop- 
ment and  operation  of  various  weapons) 

34 ) D. A. Werblin, Ordnance  Sergeant, Feb 
1943, pp  160— 63(Fundamentals  of  Artillery 
Weapons)  35)M.M.Johnson,Jr  & C.T.Haven, 
"Ammunition,  Its  History,  Development  and 


Use,”  W.Morrow,NY(1943)  36)M.M Johnson, 

Jr  & C.T.Haven,  "Rifles  and  Machine  Guns,” 
W. Morrow, NY(1 944)  37)R.E. Hardy,  ArOrdn 

27,  442—3(1944)  (Heavy  Artillery  Ammunition) 
38)Anon,  "Dictionary  of  US  Army  Terms,” 

Dept  of  the  Army  Technical  Manual  TM  20— 
205(1944)  38a)A.C.VanTine  & J.L.Corbett, 
"Inspection  of  High-Explosive  Shell  by 
X-Ray”  (Radiography  of  Ammunition), Iowa 
Ordnance  Plant, Burlington,Ja(l 944)  39)Anon, 
"Ammunition  Inspection  Guide,”  TM  9—1904 
(1944  ) 40)Anon,  "Handbook  of  Japanese 
Explosive  Ordnance,”  OpNav  30— 3M,  Govt 

PrtgOff,  Washington, DC(1945 ) 41)L.  Bruchiss , 
"Aircraft  Armament,’  ’ AerosphereInc,NY(1945) 
42)C.E. Balleisen,  "Principles  of  Firearms,” 
Wiley, NY(1945)  43)T.C.Ohart,  "Elements  of 
Ammunition,1 ' Wiley  ,NY(  1946)  43a)Anon, 
"Ammunition  Tests,”  Ordnance  Proof  Manual 
No  5—10(1946)  (Office  of  Chief  of  Ordnance, 
Washington, DC)  44JN. A. Shilling,  "Explo- 
sives and  Loading  of  Ammunition,’  ’(in 
Russian),  Oboronguiz,Moscow(1946)  44a) 

Anon,  "Italian  and  French  Explosive  Ord- 
nance,” US  Navy, Bureau  of  Ordnance, 

Wash ington,DC(I946)  45)Anon,  "Ammuni- 
tion of  Former  German  Army”  (in  Russian), 
Voyenizdat,Moscow(1946)  46)G.M. 

Tret’iakov,  "Artillery  Ammunition’ ’ (in 
Russian),  Voyenizdat,Moscow(1946)  47)H.D. 
Rutkovsky,  "Recoilless  Ammunition  57,  75 
and  105  mm,”  Lecture, Pic Arsn, Dover, NJ 
(1947)  48)Anon,  "Small  Arms  Ammunition,” 
Dept  of  the  Army  Tech  Manual,  TM  9—1990, 
Washington  25,DC(1947)  49)G.M.Barnes, 
"Weapons  of  World  War  II,”  VanNostrand,NY 
(1947)  50)J.SiHatcher,  "The  Book  of  Garand,” 
Infantry  Journal  Press, Washington, DC(1948) 
51)Anon,  "Evolution  of  Naval  Weapons,” 

US  Naval  Dept, Washington, DC(1949)  52)A.D. 
Blinov,  "Kurs  Artilleriee”  (Artillery  Course) 

(in  Russian);  twelve  volumes,  Voyienizdat, 
Moscow(1948-50)  53)Anon,  "Small  Arms 
Materiel,”  TM  9-2200(1 949)  54)Anon, 
"Ammunition,’  ’ US  Military  Academy, West 
Point,  NY(1950)  (pamphlet  180  pp)  55)Anon, 
"Artillery,”  US  Military  Academy, West 
Point, NY(1950)  (Pamphlet  240  pp)  (Chapter  1 
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-Gun  Design,  Chapt  2-Gun  Construction, 
Chapt  3-Recoil,  Chapt  4-Carriages  and 
Mounts  and  Chapt  5— Breech  Mechanisms) 
56)Anon,  "Artillery  Ammunition,’’  Dept 
of  the  ArmyTechManual,  TM  9—1901, 
Washington, DC(1950)  57)ORDIM,Office  of 
Chief  of  Ordnance, Washington  25, DC, "Com- 
plete Round  Charts,’  ’ No  5981(1950-1) 
58)Anon,  ’ 'Ordnance pro ofMan ua  1, ” Nos  1—1 
to  70—10,  years  of  issue  1937—1951,  Office 
of  Chief  of  Ordnance, Washington, DC  59) 
R.Held,  "The  Age  of  Firearms,  A Pictorial 
History,”  HarperBros,NY(1951)  60)C.R. 
Jacobs,  "Official  Gun  Book,’’  CrownPublg 
Co,NY(1951)  6l)Anon,  "Ordnance  Inspec- 
tion Handbook  on  Ammunition  Material,” 

US  Ordn an ceCorps,IndustrialSer vice  .Wash- 
ington 25,DC(1951)  (Pamphlet)  62)R. 
Pichene,  "Vocabulaire  d’Armement,” 
Charles  -La  vauze  lie , Pari  s(195 1)  63 )R . 
pichene,  "Les  Grenades  et  le  s Lance- 
F la  mm  es , ” Charle  s-Lavau  ze  lie , Pari  s 
(1952)  64)R. Pichene,  "Les  Armes 
Ancichars,’  ’ Charle  s-Lavauzelle,  Paris 
(1952)  65)R. Pichene',  "Les  Armes  a 
Tir  Vertical(Courbe),”  Charle s-Lavauzelle, 
Paris(1952)  66)R. Pichene,  "Les  Pistolets 
et  Pistolets-Mitrailleurs,”  Charle  s- 
Lavauzelle,Paris(1952)  67)R. Pichene, 

"Les  Fusils-Mitrailleurs,”  Charle s- 
Lavauzelle  ,paris(I952)  68)R.  Pichene, 

"Les  Mitrailleuses,”  Charle  s-Lavauzelle, 
Paris(1952)  69)* 'Encyclopedia  Britannica,” 

London(1952);v  l,pp  820— 8(Ammunition); 
v 2,pp  392— 4(Arms  and  Armor);v  2,pp  463— 
78(Arcillery );v  4,p  751— 2(Cannon);v  10, 
pp  985-7(Machine  gun);v  11, pp  1— 3(Naval 
Gunnery );v  16,pp  856— 70(Ordnance);  v 17, 
pp  965— 68(Pistois);v  20, pp  802— 13(Small 
arms);v  22, p 300-2(Torpedoe  s)  and  v 23, 
pp  454-5(Weapons)  70)Anon,  "British 
Explosive  Ordnance,”  Dept  of  the  Army 
Tech  Manual  TM  9-1985-1(1952)  (C)  (not 
used  as  a source  of  info  for  this  work) 
71)Anon,  "Fundamentals  of  Small  Arms,” 
Dept  of  the  Army  Tech  Manual  TM  9-2205, 
Washington  25, DC(  195 2)  71a)General 
Challeat,  "Histoire  Technique  de  1’Ar- 


tillerie  de  Terre  en  France,”  Imprimerie 
Nationale, Paris, vols  1 & 2(1952)  72)W.H.B. 

Smith,  "The  NRA(National  Rifle  Association) 
Book  of  Small  Arms,”  Military  Service  Pub- 
lishing Co, Harrisburg,  Pa(1952—1953)»v  1 — 
pistols  and  revolvers  and  v 2— rifles  73)G.M. 
Chinn,  "The  Machine  Gun,”  US  NavBurOrdn, 
GovtPrtgOff, Washington  25,DC,v  1(1952)(U); 
v 2(1952)  (C)  (not  used  for  this  work);  v3 
(1953)  (C)  (not  used  for  this  work)  and  v 4 
(1955)  (U)  74)Anon,  "Soviet  Projectiles 
Iden tification  Guide,”  Dept  of  the  Army 
Tech  Manual  TM  30-240(1953)  (C)  (not  used 
as  a source  of  info  for  this  work)  75)Anon, 
"German  Explosive  Ordnance’  ’(Bombs, 

Fuzes,  Rockets,  Land  Mines,  Grenades  and 
Igniters), Dept  of  the  Army  Tech  Manual 
TM  9-1985-2(1953)  76)Anon,  "German 
Explosive  Ordnance”  (Projectiles  and  Pro- 
jectile Fuzes),  TM  9-1985-3(1953)  77)Anon, 
"Japanese  Explosive  Ordnance”  (Bombs , 

Bomb  Fuzes,  Land  Mines,  Grenades,  Firing 
Devices  and  Sabotage  Devices),  TM  9—1985— 
4(1953)  78)Anon,  "Japanese  Explosive  Ord- 
nance” (Army  Ammunition,  Navy  Ammunition), 
TM  9-1985-5(1953)  79)Anon,  "Italian  and 
French  Explosive  Ordnance,”  TM  9—1985—6 
(1953)  (Same  info  as  in  Ref  44a)  80)R.R. 

Sharpe,  "Rifle  in  America,”  Funk  & Wagnalls, 
NY(1953)  81)R. Pichene,  "Les  Mines,” 
Charles-Lavauzelle,  Paris(1953)  82)E. Tunis, 
"Weapons,  A Pictorial  History,”  The  World 
Pubig  Co,  Cleveland, Ohio(1954)  83)Anon, 
"Elements  of  Armament  Engineering,”  US 
Military  Academy, West  Point, NY(1954) 

84) McGraw-Hill  Book  Co,  "Findings  and 
Recommendations  on  the  Projected  Ordnance,” 
Engineering  Handbook  Series,  21  Jan  1954 

85) Anon,  "Extension  Course  of  the  Ordnance 
School,”  US  Aberdeen  Proving  Ground,  Mary- 
iand(195 0—1956)  86)R.Pichene,  "Les 
Munitions,’  ’ Charles-Lavauzelle, Paris(1955) 
87)J.F. Hayward,  "European  Firearms,” 
Philosophical  Library ,NY(1955)  (A  brief 
history  and  a short  bibliography  of  Amer, 
Danish,  English,  Germ  & Swedish  books  on 
firearms)  88 )R. Pichene,  "Les  Fusils,” 
Charles-Lavauzelle,  Paris(1955) 
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89 )W.H.B. Smith,  ‘’Small  Arras  of  the  World/’ 
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v i 2,pp  646— 8(Ma chine  gun);  v 14, pp  414- 
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"Principles  of  Naval  Ordnance  and  Gunnery,” 
Navpers  10783, US  Govt PrtgOff, Washington, 
DC(1959)  106)US  Specification  MIL— A-625A, 
"Ammunition,  Small  Arms' ’ (General  Specifi- 
cation) 107)US  Spec  MIL— A— 1393 1 (Ord), 
"Artillery  Cannon  and  Cannon  Equipment” 
(General  Specification)  108)US  Spec 
MIL— A — 13917(Ord),  "Artillery  Carriages  and 
Mounts,  Recoil  Mechanisms,  Guided  Missiles 
and  Rocket  Launchers'  '(General  Specifica- 
tion) 109)A.B.Schilling,PicArsn,Dover,NJ ; 
private  communication  (I960)  110)US  Spec 

MIL-W— 13S55(Ord),  "Weapons,  Small  Arms” 
(General  Specifications)  lll)French  Journal 
"MAF’ ’ (Memorial  de  l’Artillerie  Fran^aise)— 
publishes  each  year  a comprehensive  biblio- 
graphy on  artillery  and  various  papers  on  that 
subject  112)US  journal  "Ordnance ’’ —pub- 
lishes each  year  brief  papers  on  ammunition 
and  weapons  but  these  papers  do  not  contain 
much  technical  information 

References  for  Ammunition  ctnd.  Weapons, 
Manufacture 

A) D.T.Hamilton,  "High  Explosive  Shell  Manu- 
facture,’ The  Industrial  Press,London(19l6) 

B) L.P. Alford, edit,  "Manufacture  of  Artillery 
Ammunition/  ’ McGraw-Hill ,NY(1 917) 

C) C.O. Bower,  "Practical  Shell  Forging,” 
Longmans,Green,London(1919)  D)US  Ord- 
nance Dept  Document  No  2035,  "Theory  and 
Design  of  Recoil  Systems  and  Gun  Carriages/’ 
Engineer  Reproduction  Plant, Washington, DC 
(1921)  E)M.J.  Pedersen,  ArOrdn  15,347-51(1935) 
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(Production  Design  of  Ordnance)  F)J.L. 
Rivals, MAF  15,123-144(1936)  (Sur  Quel- 
ques  Procedes  Speciaux  d’Usinage  des 
Bouches  & Feu)  G)W.Sch  winning,  "Kon- 
struktion  und  Werkstoff  der  Geschiitzrohre 
und  Gewehrlaufe,’ ’ VDI  Verlag, Berlin 
[Reviewed  and  partly  translated  in  MAF  15, 
643(1936)  and  16,495-526(1937)]  H)J. 
Obremskii,MAF  18,391-410(1939)  (Theorie 
et  pratique  du  traitement  thermique  des 
projectile  s d’ artillerie  perforants)  I)St. 
Lubanskii,MAF  19,313—53(1940)  (Principes 
de  construction  de  projectiles  d’ artillerie) 
J)The  Iron  Age,  "Munitions  and  Ordnance 
Manufacture,’  ' CliftonPublication(about 
1942)  (pamphlet)  K)R.S.Smith  & W.W. 
Walker.,  US  PubHealthRepts  58,1393-1404 
(1943)  & CA  37,6784(1943)  (Small  arms  am- 
munition plants,  wastes)  L)Editors  of 
Steel,  "Modern  Ordnance  Production,’  ’ 
Penton  Publg  Co, Cleveland, Ohio(1951) 
(pamphlet)  M)L.G.Volkheimer,  "Formaliz- 
ing Design  Calculations  for  Artillery  Am- 
munition,” Picatinny  Arsenal, Dover, NJ 
(1954)  N)Anon,  "Shell  Moulding,” 
Machinery  Publg  Co,  Brighton, England(1955) 
Q)J ournals:  Ordnance(USA)  and  Memorial 
d1  Artillerie  Franqaise(France) 

Ammunition  Component.  Any  part  of  a com- 
plete round  of  ammunition,  such  as  a primer, 
cartridge,  shell,  etc.  It  is  called  "live” 
when  loaded  and  "inactive’  ’ when  inert 
Ref:  Anon,  "Ammunition  Inspection  Guide,” 
War  Dept  Tech  Manual  TM  9-1904(1944), 
p 899 

Ammunition  Inspection  consists  of  tests  to 
determine  the  current  degree  of  service- 
ability or  deterioration  of  ammunition  as 
affected  by  the  various  conditions  of  manu- 
facture, storage,  handling,  maintenance  and 
renovation. 

Ref:  TM  9-1904(1944), pp  902-920 

Ammunition  Loading.  See  Loading  of  Am- 
munition 

Ammunition  Packing.  See  under  Packaging, 
Packing,  etc  j 

Ammunition  Priming  Compositions.  See 

Priming  Compositions! 


Ammunition,  Self-Destroying.  In  firing  from 
guns(sucn  as  AA)  against  enemy ’aircraft, 
great  damage  could  be  caused  if  the  shells 
which  failed  to  explode  in  the  air  fell  on 
friendly  territory  and  exploded  there.  In 
order  to  prevent  this,  a feature  is  incorpor- 
ated^ ither  in  the  fuze  or  in  the  explosive 
train  of  a shell)  which  destroys  such  a shell 
in  the  air  before  it  strikes  the  ground.  Am- 
munition provided  with  this  feature  is  called 
"self-destroying’  ’ 

Ref:  A. B. Schilling, Pic Arsn, Dover, NJ ; 
private  communication(1960) 


A mono  I 1.  A Spanish  expl  proposed  by  Prof 
A.Blanco(See  under  Ammonal) 

Amor^age(Fr).  Priming;  initiation 

Amor^age(Explosif  d’ ) (Ff).  Priming;  initi- 
ating explosive 

Amorce.  A French  word  meaning  primer,  cap, 
detonator  or  fuse.  In  England  the  word  has 
been  used  to  mean  a toy  pistol  cap.  Accord- 
ing to  Ref  1,  amorces  consisting  of  a mixt 
of  minute  quantities  of  red  phosphorus,  K 
chlorate  and  gum  are  less  dangerous  than 
those  contg  MF.  According  to  Ref  2,  the 
word  "amorce*  ’ is  also  applied  to  "snaps 
for  bon-bon  crackers.”  Amorces  should  not 
contain  more  than  60  grains(3.88g)  of  chlo- 
rate and  10  grains(0.65g)  of  red  phosphorus 
per  1000.  Some  amorces  contain  Ag  fulmi- 
nate in  an  amount  not  exceeding  15  grains 
(0.97g)  per  1000  amorces.  Ref  3 gives  the 
compn  and  prepn  of  some  Get  amorces[See 
also  PATR  2510(1958), p Ger  7] 

Refs:  l)R.Hartenau,Sprengstoffe,  Waffen 

und  Munition,  No  24, p 283(Sept  1909)  & 

CA  4,384(1910)  2)Marshall  2(1917),611 
3)BIO$  Final  Rept  1313(1947), pp  2-4 
Amorce  d6tonateur(Fr).  Detonator;  initiator 

Amorce  electri que(Fr).  Electric  primer; 
electric  blasting  cap 

Amorce  fulmlnate(Fc).  Blasting  cap 
Amorce  a percus sion(Fr).  Percussion  cap 
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Amperometric  Tltrations(Polarometric  Titra- 
tions). In  a strict  sense,  the  term  ''ampero- 
metric’ ’ should  be  applied  to  titrations  in 
which  a polagraphic  diffusion-controlled 
limiting  current  is  measured,  according  to 
the  procedures  described  in  references  3 to 
8*  This  method  has  to  be  differentiated  from 
galvanometric  titration  bf  E. Salomon 
[ZPhysikChem  24,55(1897)  & 25,366(1898)], 
or  the  dead-stop  end-point  method  of  G.W. 
Foulk  and  A.Bawden[jACS  48,2045(1926)] 
Heyrovsky  and  Berezicky(Ref  1)  were  the 
first  to  perform  titrations  based  on  the  meas- 
urement of  polarographic  diffusion  currents 
and  they  used  the  term  polarographic  titra- 
tion. Majer(Ref  2)  simplified  the  technique 
by  measuring  diffusion  currents  at  a con- 
stantly applied  emf  rather  than  recording  a 
series  of  polarograms,  and  proposed  the  name 
polarometric  titration.  Kolthoff  and  Pan 
(Ref  4)  proposed  the  term  amperometric  titra- 
tion as  more  consistent  with  the  terminology 
applied  to  other  electrometric  titrations,  such 
as  potentionometric  and  conductometric 
Amperometric  titrations  can  be  conducted 
either  with  a dropping  mercury  electrode  or 
with  rotating  platinum  electrodes.  Both  pro- 
cedures are  described  by  Laitinen  (Ref  8) 
and  by  other s(see  References  given  by 
Laitinen) 

Refs : l)J.Heyrovsky  & S.Berezicky,  Colh 

CzechoslovChemCommun  1,19(1929)  2)V. 
Majer,  ZElektrochem  42,120,  122(1936) 
3)I.M.Kokhoff  & Y.D.Pan,  JACS  61,3402 
(1939)  4)I.M. Kolthoff,  TransElectrochem 
Soc  78,191(1940)  5)LM-Kolthoff  & h.A. 
Laitinen,  MpH  and  Electro-Titrations," 

J.  Wiley, NY(1 941)  6)I.M.KoIthoff  & J.J. 
Lingane,  "Po Urography,’  ’ Interscience, NY 
(1941)  7)J.T. Stock,  Analyst  72,291(1947) 
8)H. A. Laitinen,  AnalChem  21,66—70(1949) 
(Amperometric  Titrations;  59  references) 

Amphibious  Cargo  Vehicle(BARC).  See  under 
Amphibious  Trucks,  Tractors  and  other 
Vehicles 

Amphibious  Devices  for  Tanks.  During  land- 
ing operations  troops  and  their  equipment  are 


particularly  vulnerable  to  enemy  fire  until 
they  have  arrived  on  the  beach  and  have 
been  able  to  set  up  their  weapons  for  de- 
fence. Amphibious  trucks(qv)  were  designed 
for  bringing  troops,  weapons  and  supplies, 
andamphibiousdevices  were  developed  to 
allow  the  tanks  to  move  from  ships  to  shore 
a few  miles  away.  The  first  of  these  devices, 
called  Di)  Device,  was  developed  in  Eng- 
land and  then  produced  in  the  US  for  the  in- 
vasion of  France  during  WW  II.  The  device 
consisted  of  a canvas  framework(resemb- 
ling  a boat)  attached  to  the  top  of  a tank, 
thereby  giving  it  the  necessary  flotation.  A 
propeller  arrangement  was  attached  to  the 
tank  engine  so  that  the  ensemble  could  move 
under  its  own  power.  When  not  in  use,  the 
canvas  folded  down  on  top  of  the  tank.  The 
disadvantage  of  this  device  was  that  the 
tank  and  its  occupants  were  submerged  about 
20  ft  under  water  and  the  tank  weapons  could 
not  be  fired  while  moving  through  the  water. 

In  addition,  the  canvas  framework  was  very 
vulnerable  to  wave  action 

An  improved  amphibious  device  was  de- 
veloped in  the  USA.  It  consisted  of  metal 
boxes  filled  with  plastic  foam  and  attached 
to  the  front,  rear  and  sides  of  the  tank  in 
such  a manner  that  they  could  be  detached 
from  the  tank  by  the  crew  without  getting 
out.  The  tank  was  propelled  through  the 
water  at  speeds  up  to  6 mph  by  simply 
driving  the  tanks  in  the  normal  manner.  The 
advantages  of  this  system  were  that  the 
tank  turret  was  above  water  and  the  wea- 
pons could  be  fired  if  necessary  on  approach- 
ing the  enemy'shore.  This  device  was  used 
for  light  and  medium  tanks 

(See  also  Amphibious  Vehicles  and  Amphtrack) 
Ref:  G.B. Bames,  "Weapons  of  World  War  II," 
Van  Nostrand,NY(1947),232-3 

Amphibious  Vehicles  are  vehicles  which  can 
propel  themselves  through  water  and  on  land. 
Among  these  vehicles  may  be  listed  amphibi- 
ous trucks  which  were  made  by  installing 
amphibious  bodies(resera bling  boats)  on 
trucks.  The  smallest  truck  was  % ton  and  the 
largest  2%  tons.  The  latter  truck  was  nicknamed 
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DUKW(Refs  1 & 2).  These  vehicles  proved 
to  be  very  valuable  during  WW  II  for  bringing 
men,  weapons  and  supplies  ashore  from 
ships  anchored  beyond  the  range  of  enemy 
land-based  guns.  The  amphibious  vehicle 
BARC  is  the  largest  wheeled  vehicle(60  tons) 
utilized  by  the  US  Army.  When  in  the  water  it 
resembles  a boat.  The  BARC  can  haul  large 
bulky  cargoes(See  also  Amphtrack) 

Refs:  1)G.B. Barnes,  ''Weapons  of  World 

War  II,”  Van  Nostrand, NY{1947), 282-5 
2)M.L. Worley, Jr,  "A  Digest  of  New  Develop- 
ments in  Army  Vehicles,’’  The  Military 
Service  Publg  Co, Harrisburg, Pa(1958), 248— 51 

Amphipathic  Substance.  Same  as  Surface- 
active  Substance 

Amphoteric  Substance.  A substance  having 
both  acid  and  basic  props,  such  as  amino- 
acids,  A1  hydroxide,  etc 
Ref:  Hackh(1944),50 

Amphtrack.  An  amphibious  track  vehicle 
developed  in  the  USA  during  WW  II.  This 
vehicle  could  land  troops,  carry  supplies 
and  weapons  across  the  water  and  its  arma- 
ment is  used  for  returning  fire  in  the  face  of 
intense  hostile  resistance.  Several  models 
are  described  by  V.J.Croizat  in  the  Army 
Ordn  31,265-7(Nov-Dec  1946) 

Ampoule(ChemicaI)  (also  Ampule  or  Ampul). 
In  addition  to  the  usual  meaning  of  a small 
sealed  vessel  for  holding  a liquid,  this  term 
was  found  listed  without  definition  in  a Brit- 
ish paper  entitled  a "Comprehensive  List  of 
Government  Explosives,”  1955, Admiralty 
BR  819(lB/54),War  Office  Code  No  11155 

AMR-2504  is  a code  name  for  a rubber  com- 
posite propellant  described  in  classified 
1 'Propellant  Manual  SPIA/M2,”  The  Johns 
Hopkins  Univ, Silver  Spring, Md(I959),Unit 
No  515 

AMT-20 35AX-3;  AMT-2091-AX;  AMT- 
2096-4AX;  AMT-2I06-AX  and  AMT-2109- 

BT  are  code  names  for  fuel-oxidizer  propel- 
lants described  in  classified  "Propellant 
Manual  SPIA/M2,”  (1959),  Unit  Nos  470, 
473,  474,  475  and  476 


AMTB.  See  Anti-Motor-Torpedo  Boat 

Amvi s(Explosive).  A Brit  "permitted” 
expl  patented  in  1896  by  W.J.Orsman  and 
manufd  beginning  1897  for  some  time  by  the 
Roburite  Explosives  Co.  Its  compn  was: 

AN  88  to  91,  DNB  or  chloronaphthalene  4 to 
6 and  wood  flour  4 to  6%.  It  was  packed  in 
paper  cartridges  waterproofed  by  means  of 
cere  sine.  A detonator  contg  1 g of  95/5— 
MF/KClOj  mixt  was  used  for  its  initiation. 
Colver(Ref  2)  gives  the  following  compn  for 
Amvis  Powder:  AN  90,  chlorodinitrobenzene 
5 and  wood  meal  5% 

Refs : l)Dariiel(1902),27  2)CoIver(1918),145 

AMYL  ACETATES 

Amyl  Acetate  or  Amylacetic  Es/er(comraonIy 
known  as  Banana  Oil),C5  H21.COOCHS,  mw 
130.18.  Several  isomers  are  known  of  which 
n-amyl  acetate  and  isoamyl  acetate  are  the 
most  important.  They  can  be  prepd  by  heat- 
ing amyl  alcohols  with  acetic  acid  in  the 
presence  of  some  sulfuric  acid.  Industrial 
methods  of  prepn  are  given  in  Ref  9,pp 
102—3*  Commercial  products  are  usually 
mixts  of  n-  and  iso-amyl  acetates.  When  amyl 
acetate  is  prepd  from  "fusel  oil”  (a  by- 
product obtained  in  the  manuf  of  ethyl  ale  by 
fermentation),  the  chief  component  is  isoamyl 
acetate 

n-Amyl  Acetate, CH,*CHa  *CH2  -CH2  -CH2  *COOCHs. 
Col  liq  with  a pear-  or  banana-like  odor,  d 
0.879  20°/20°,  mp  -70.8°,  bp  148.4°  at  737  mm, 
fl  p(closed  cup)  77°F(25°),  ignition  temp 
750°F(399°),  LEL(lower  expln  limit)  in  air 
1.1%  by  vol,  1.4012.  SI  sol  in  w(0.2%  at 

RT)  and  misc  with  ale  or  ether.  Prepd  from 
n-amyl  alcohol  and  acetic  acid  in  the  pres- 
ence of  some  sulfuric  acid.  Its  is 

c 

1004.9  cal /g  and  1011  cal/g(Ref  7,p  310) 

iso- Amyl  Acetate, ( CHS)2CH*CH2  *CH2  *COOCHj. 
Col  liq  with  banana-like  odor,  d 0.876  15°/4°, 
mp  -78.5°,  bp  142°  at  757  mm,  fl  p (closed 
cup)  92°F(ca  33°),  ignition  temp  715°F(ca 
380°).  Prepd  from  iso-amyl  alcohol  and  acetic 
acid  in  the  presence  of  some  sulfuric  acid. 
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Amyl  acetates  are  dangerous  when  ex- 
posed to  flame  or  heat.  When  heated  they 
emit  acrid  fumes.  Their  explosive  hazard  is 
moderate(Ref  8).  Toxicity  is  discussed  in 
Refs  6 & 8.  Ritter  et  ai(Ref  3a)  detd  the 
temp  at  which  mixts  of  air  with  satd  vapor 
of  amyl  acetate(in  contact  with  some  of  the 
liq)  in  a stoppered  flask  are  explosive.  Pres- 
sure of  expln  was  also  detd.  Amyl  acetates 
are  used  for  the  manuf  of  fruit  essences  and 
as  high-boiling  solvent  constituents  of  lac- 
quers and  other  coating  materials(Refs  5 & 

9).  They  were  also  used  as  colloiding  agents 
for  NC(Refs  2,  3 & 4)  employed  in  the  manuf  of 
smokeless  propellants.  For  instance,  one  of 
the  US  shot-gun  propellants  was  prepd  by 
agitating  at  RT(in  a jacketed  vessel)  a 
pulped,  wet  NC(contg  5%  Ba  nitrate  & 2%  K 
nitrate)  with  an  emulsion  of  amyl  acetate 
and  water(contg  some  Ba-  and  K nitrate). 

After  allowing  to  stand  for  a few  minutes, 
the  steam  was  turned  into  the  jacket  and 
agitation  continued  for  5—6  hours  during 
which  time  most  of  the  amyl  acetate  and 
some  water  were  distilled  off.  The  contents 
of  the  vessel  were  then  run  out  and  the 
grains  of  propellant  dried  and  sieved(Ref  3) 
Refs ; l)BeiI  2,131-2,(60-1)  & [143-4] 
2)Marshali  1(1917),  336  3)Barnett(1919),82 

3a)R. Ritter  et  al,  Jahresber  CTR  8,201-2 
(1930)  & C A 26,4474(1932)  4)Davis(1943), 

321  5)Kirk  & Othmer  5(1 950), 826  6)Ibid  7 
(1951), 854  7)P. Tavernier,  MP  38,310 

(1956)  8)Sax(1957),287  9)Faith, Keyes  & 
Clark(1957),  102—3  10)US  Specification 

TT-A-5l6(AmyI  acetate  for  use  in  organic 
coatings) 

iso-Amyloeetyl  Azide(Isoamyl-essigsaure-azid, 
in  Ger),(CHs)2  CH*CH2  -CH2  -CO-Nj,  mw 
141.17,  N 29.77%.  Oil  with  a pungent  odor, 
puffs  off  when  heated  on  a spatula;  easily 
sol  in  ale,  ether  and  some  other  org  sol- 
vents. Can  be  prepd  by  treating  an  aq  soln  of 
the  HC1  salt  of  isoamylacetylhydrazide  with 
NaNO,  +HC1 

Refs:  l)Beil  — not  found  2)T.Curtius, 

JPraktChem  125,159-60(1930)  & CA  24, 
3217(1930) 


AMYL  ALCOHOLS 

Amyl  Alcohol,  CgH^OH,  mw  88.15.  Eight 
isomers  are  known,  all  of  them  liquid  ex- 
cept 2,2-dimethylpropanol,  which  is  a solid. 
They  are  si  sol  in  water  and  miscible  with 
oils  or  org  solvents,  such  as  ales,  esters, 
ethers,  ketones  and  aromatic  hydrocarbons. 

Its  most  important  isomers  are: 

n-Amyl  Alcohol',  1-Pentanol  or  n-Butyl- 
carbinol,CHi-CH2  -CH2  -CH2  CH2  -OH.  Col 
liq  with  a mild  odor,  d 0.824  20°/20°, 
mp  -79°,  bp  138.1°,fl  p(closed  cup)  100°F 
(ca  38°),  ignition  temp  700°F(371°),  LEL 
1.2%  by  vol  in  air,  n2^5  1.4581  and  sp  heat 

0.712  cal/g.  Soly'inw2.7g  per  100  ml  at  22°. 
Its  QP  given  in  Hodgman’  s Handbook,  is 

793.7  keal/moi,  while  its  QP  calc  by  Tavem- 

i 

iex(Ref  6,p  309),  is  980  cal/g 

iso-Amyl  Alcohol ; iso-Butylcarbinol  or  3‘ 
Methyl- l-butanol,(C H3)2  -CH-CH2  -CH2  -OH. 

Col  liq  with  a mild  odor,  d 0.813  15°/4°, 
mp  —117.2°,  bp  132.0°,  fl  p(closed  cup) 
114°F(ca  46°),  ignition  temp  450°F(232°), 
n20°  l.4i 

Amyl  alcohols  can  be  prepd  either  from 
fusel  oil  or  by  a synthetic  method  which  in- 
volves hydrolysis  of  amyl  chloride,  which 
in  turn  is  prepd  by  the  chlorination  of  a 
mixt  of  pentane  and  isopentane  obtained 
from  petroleum.  The  ale  prepd  by  synthetic 
method  has,  according  to  Ref  5>p  147,  the 
following  props:  d 0.812  to  0.820  20° / 2 0°, 
boiling  range  120  to  130°,  n^°  1.409  and 
fl  p(open  cup)  113°F(45°) 

Industrial  methods  for  the  prepn  of  amyl 
alcohols  are  discussed  in  Ref  8 

Their  fire  hazard  and  toxicity  are  given 
in  Ref  7.  The  explosion  hazard  of  amyl 
alcohols  is  moderate  when  exposed  to 
flame(Ref  7).  Ritter  et  aI(Ref  3a)  detd  the 
temp  at  which  mixts  of  air  with  satd  vapor 
of  am  yl  alcohol  (in  contact  with  some  of  the 
liq)  in  a stopped  flask  is  explosive.  Pres- 
sure of  expin  was  also  measured 

Amyl  alcohols  are  used  as  solvents  for  lacquers 
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and  for  the  manuf  of  amyl  acetates.  At 
the  end  of  WW  II  amyl  alcohols  and  their 
derivatives  were  replaced  to  a gteat  extent 
by  other  solvents  such  as  methyl-isobutyl 
ketone  and  butyl  alcohols  and  their  deriva- 
tive s{Ref  8,p  113) 

Amyl  alcohol  was  used  in  France,  begin- 
ning in  1896-7,  as  a stabilizer  for  the  mili- 
tary propellant  called  Poudre  5 an/J  orprp 
known  as  Poudres  B(AM).  The  propellants 
were  prepd  from  a mixt  of  sol  and  insol  NC 
gelatinized  with  ether-alcohol  to  which  some 
amyl  alcohol  was  added.  After  incorporation, 


tne  mass  was  worked  between  rollers  at  70c 
and  the  rolled  sheets  either  cut  into  strips 
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then  dried  at  50°  and  washed  with  water. 
Amyl  ale  being  less  volatile  than  ether-ale 
remained  in  the  finished  product.  Poudre  B 
(AM2)t  used  for  small  caliber  guns,  con- 
tained 2%  of  amyl  alcohol,  whereas  Poudre 
B(AMa)  used  for  large  naval  guns  contained 

Dor  1 ^ 1 — L „ I — „ nr i 

u/c  vi  fliLiji  aiwuv/i  a,  OLa  . 1 IIC 

propellants  became  porous  in  storage  be- 
cause part  of  the  stabilizer  evaporated. 
Experience  showed  that  amyl  alcohol  acted 
only  as  a temporary  stabilizer.  Several  dis- 
astrous explns  of  Poudre  s B(AM)  occurred. 
The  most  notable  were  the  total  destruc- 


tion of  the  French  battleships,  the  lena  in 

1907  and  the  Liberte  in  1911.  At  first  the 
explns  were  attributed  to  appreciable  loss 
of  the  stabilizer  because  of  volatility. 
Later,  it  was  realized  that  while  amyl  al- 
cohol reacts  with  nitrogen  oxides  liberated 
from  deteriorating  propellant  to  form  amyl 
nitrate  or  nitrite,  these  in  turn  were  not 
very  stable  in  the  presence  of  acidic  de- 
composition products  and  would  decomp 
with  the  liberation  of  oxides  of  nitrogen 
which  would  further  accelerate  the  decom- 
position of  the  propellant.  Since  any  ali- 
phatic alcohol  could  be  expected  to  behave 
similarly,  subsequent  stabilizers  were  made 
from  aromatic  compds  or  derivatives  which 
formed  stable  N02  compounds  with  oxides 
of  nitrogen 


Refs:  l)Beil  1,383-5,  388,  392-3(193-6) 

Si  [416/418,  420-2,  426]  2)_MarshaIl  1(1917), 


295  3)Barnett(1919),81  3a)F. Ritter  et  al, 

JahresberCTR  8,201-2(1930)  & CA  26,4474 
(1932)  4)Davis(1943), 307-10  5)Kirk  & 
Othmer  1(1947), 844-9  6)P.Tavernier,MP  38, 
v ---  - 8)raith, 


Keyes  & Clark(1957),106— 14  9)US  Specifi- 
cation TT-A-56(Secondary  amyl  alcohol  for 
use  in  organic  coatings) 

Note:  Nitration  of  amyl  alcohol  with  mixed 
acid  at  low  temp  to  obtain  CjH^NOj  is  de- 
scribed by  J.B.Hinkamp  et  al,  DSP  2,618,650 
(1952)  at  CA  48,1412(1954) 


AMYLAMiNE  AND  DERIVATIVES 


Amylamine ; Aminopentcme;  Ami  nomethyl- 
butane,  Cs  . Several  isomers  are 

known,  including  Iso  am  ylam  in  e,  (CHj)2  -CH— 

ru  ru  vtu  tL — , * u*  «.UA 
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reaction  of  amyl  chlorides  with  ammonia  in 
the  presence  of  alcohol  as  a mutual  solvent. 


Datra  & Chatterjee(Ref  2)  detd  expln  temps 
of  amylaminepicrate  and  amylamineperchlo - 
rale  and  found  them  to  be  270°  and  262°, 
respectively 


n ~ . 

i\cyo* 


1 \D^1 1 A i l o ion  t'inn  on\  o. 

a ;wi  i / x i / — Uj  f / -ouy  «. 


(641,  643-51  2)R.L.Datta  & N.R.Chat- 
terjee.JCS  115,1007-8(1919)  3)C.K.Hunt, 
IEC  35,1050-2(1943)  4)  Kirk  & Othn.er  1, 
(1947), 849-51 


[a-Nilroisoamyl]-  isnnitramine,  called  by  Traube 
Nitropentylisonitramin,  (CHj)2CH*CH2  — 

CH(N02  )(N2  02  H).  Prepd  as  theNa  salt  from 
4-nitro-2-methylbutane,  2 mols  NaO*C2H8 
ana  NO.  By  treating  aq  solns  of  the  Na  salt 
with  Ba(OH)2(or  BaClj  ),  CuS04  and 
Pb(CH3C00)2,  ppts  of  explosive  Ba-,  Cu- 
and  Pb-nitroisoamylnitraminates  were  obtained 
Refs:  l)BeiI  1,687  2)W.  Traube,  Ann  110, 

(1898) 


Amyl  azide;  Azidopentane;  Atidomethy  I butane 
or  Methyltriaxobutane,Cs  HjjNj,  mw  113.16, 

N 37.14%.  The  isomer  l- Azidopentane  or 
d-l-Azido-2-metbylbutane,  Ns  Ha  C‘CH(CHj)- 
CHj-CHj,  liq  bp*72°  at  138  mm,  d 0.8770 
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at  25/4°(Ref  2)  & 0.8695  at  25°(Ref  4); 

1.4240(Ref  2)  & 1.4248(Ref  4);  QP 
at  25°,  7794.6  cal /g  or  882.1  ±0.5  kcal/mol; 

QP  -36.1  kcal/moI(Ref  5).  Refs  2 & 3 give 

optical  rotations  and  Ref  4 viscosities  from 
15  to  45°.  The  expl  prhps  of  amylazide  were 
not  investigated 

Refs:  l)BeiI  — not  found  2)P.A.Levene 

et  al,  JBiolChem  115,415(1936)  & CA  30, 
8175(1936)  3)P.A.Levene  & H.Rothen, 
JChemPhys  5,985  & CA  32,1151(1938) 
4)O.L.I.Brown  & H.E.Cary,  Memorandum 
Rept  No  112,  US  Naval  Powder  Factory, 
Indian  Head,  Md(1956)  5)J«W.Murrin  & 

G. A. Carpenter,  Memorandum  Rept  No  129 
USNPF  (1957) 

Amyleneozonide,Ca  H,0O,;  col  viscous  liq 
explg  on  moderate  heating.  W as  prepd  by 
ozonization  of  amylene  dissolved  in  dry 
hexane  cooled  in  salt-ice  mixt.  The  result- 
ing mixt  was  distilled  in  vacuo  to  remove 
the  hexane.  The  product  was  called 
"Normales  Ozonid.’’  Another  ozonide  cor- 
responding to  the  formula  betw  CsH|00,  & 
CsHl0O4  was  prepd  from  the  crude  product 
as  described  in  Ref  2,p  3100.  This  ozonide 
expd  more  violently  than  the  CgH^O, 

Refs:  l)Beil  — not  found  2)C. Harries  & 

K.Hae ffner,  Ber  41,3099-3100(1908)  & CA  3, 
66(1909) 

Amylether;  Diamylether  or  Amyloxide, 

(CjHjj^O,  mw  158.28.  Several  isomers  are 
known.  The  commercial  product  is  a mixt, 
principally  of  isoamyl  ether  and  n-amylether, 
formed  as  a by-product  in  the  manuf  of  amyl 
alcohols  from  amyl  chloride(Ref  2).  This 
ether  is  a clear  and  si  yell  liq,  d 0.78—0.81 
20°/20°t  mp  <75°,  boiling  range  165—210°, 

fl  p(open  cup)  ca  135°F(57°),  n20°  1.42. 

D 

Very  si  sol  in  w and  miscible  with  ale  or 
ether.  Its  fire  hazard  is  moderate  when  ex- 
posed to  heat  or  flame.  Toxicity  details  un- 
known(Ref  4).  It  is  used  principally  as  a 
solvent.  When  mixed  with  15—20%  of  ethanol 
it  dissolves  ethyicelliilose  but  not  NC 


Refs:  l)Beil  1,401,(199)  & [432]  2)Kirk 

& Othmer  1(1947), 846  3)Ibid  5(1950),  862 
& 874  4)5ax(1957),293 

AMYLGUANID1NE  AND  DERIVATIVES 

n-Amylguanidine,CH3(CH3  )4*NH*C(:NH)‘NH2  , 
is  listed  in  Beil  4,  [642] 

1-Nitro-3-n-amylguantdine(NAmGu), 

CH,(CH2  )4NH-C(:NH)-NHN02 , mw  174.20, 

N 32.17%.  Col  leaflets,  mp  98.8-  99.3°;  si 
sol  in  ale,  very  diff  sol  in  ether  and  cold  w, 
decomp  slowly  in  hot  w.  Was  prepd  by  heat- 
ing NGu  at  60—70°  with  10%  aq  soln  of 
amylaniline.  Its  is  1004  kcaI/mol(obs) 

and  884.8  kcal/mol(calcd) 

Refs:  l)Beil  4,  [642]  2)T.L.Davis  & S.B. 

Luce, J ACS  49,2304(1927)  3)A.D.Li  ttle. 

Report  on  the  Study  of  Pure  Explosive  Com- 
pounds, Cambridge, Mass,  v 4(1952),  541(C) 

1' f<iitro~  tert’ amyl  guanidine , C2H5  -CCCH,^ 
NH«C(:NH)-NHNOj . Col  plates,  mp  154.8- 
155.6°;  si  sol  in  ale  and  very  diff  in  ether 
and  cold  w,  decomp  slowly  in  hot  w.  Was 
prepd  by  heating  NGu  at  60—70°  with  a 10% 
aq  soln  of  tert-amylamine 
Refs:  l)Beil  4,  [644]  2)T.L.Davis  & S.B. 

LucejACS  49,2304(1927) 

l- Nitro- ^iso-amylguanidineXCW^  CH(CHa  )2  •- 
NH-C(:NH)*NHN02 . Col  ndls,  mp  145.5- 
146.2°.  Was  prepd  by  heating  NGu  at  60—70° 
with  a 10%  aq  soln  of  iso-amylamine 
Refs:  Beil— not  found  2)T.L. Davis  & S.B. 
Luce,JACS  49,2304(1927) 

Dimtroamylguanidine,<2€  H„Na  04,  mw  219.20, 

N 31.95%  — not  found  in  Beil  or  CA  through 
1956( would  probably  be  a weak  explosive) 

Amylmalonylazidic  Aci  d(Isoamylmalonazidsaure, 
in  Ger),(CH,)a  CH-CH2  -CHa  .CH(CO.N3>COOH, 
mw  199.21,  N 21.10%.  Lt  yel  oil  expldg  weakly 
when  heated  on  a spatula.  Diff  sol  in  w,  sol  in 
ale  and  very  sol  in  eth  or  chlf.  Can  be  prepd  by 
treating  an  aq  soln  of  the  K salt  of  isoamyl- 
malonylhydrazidic  acid  with  HCI+NaN02 

Refs:  l)Beil  — not  found  2)T.Curtius  & 

W.Wirbatz,JPraktChem  125,  274(1930)  & CA  24, 
3216(1930) 
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Amyl  Nitrate(Mixed  Isomers ), C5  H^’ONOj  , 
mw  133.15,  N 10.52%.  Col  to  pale  yel,  liq 
with  ethereal  odor,  bp  145  to  156°,  d 0.99, 
fl  p 118°F.  Can  be  prepd  by  treating  com- 
mercial amyl  alcohol  with  mixed  nitric- 
sulfuric  acid 

Its  main  constituent  is  isoamyl  nitrate, 
(CHj)2CH-CH2-CH2-0N02  called  in  Ger 
"Isoamyinitrat’ ’ or  "Salpetersaure-isoamyl- 
ester.’  ’ It  is  col  to  pale-yel  liq,  bp  147—8° 
and  d 0.9%  at  21.7°;  very  si  sol  in  w and 
insol  in  ale  or  eth.  Was  first  obtained,  accdg 
to  Beil,  in  1847—8  by  Rieckner(Ref  1).  A 
commercial  method  of  prepn  of  isoamyl  ni- 
trate was  patented  during  WW  II  by  Olin 
(Ref  2).  Vapor  pressures  in  mm  Ilg  at  vari- 
ous temps  are  given  for  commercial  product 
in  Ref  4.  They  are  0.9  mm  at  10°,  2.7  at 
20°,  5.15  at  30°,  9.7  at  40°,  17.4  at  50°, 

29.7  at  60°,  70.5  at  80°,  166  at  100°,  335 
at  120°,  612  at  140°  and  760  at  147.5°. 
Values  given  in  Ref  5 are  1.6  mm  at  -10°, 

2.4  at  0°  and  3.3  at  10° 

Commercial  amyl  nitrate  has  been  used 
as  an  ignition  accelerator  for  compression- 
ignition  engine  fuels  (Ref  3).  It  also  was 
investigated  as  a possible  monofuel  in 
rocket  or  ATO  engines  but  found  to  be  un- 
suitable. Amyl  nitrate  is  capable  of  decompn 
on  a Ni  catalyst  but  the  reaction  is  barely 
self-sustaining  and  large  quantities  of  soot 
are  deposited  which  quickly  choke  the  pipes 
of  motors(Ref  4). 

Its  toxicity  and  fire  and  explosion  haz- 
ards are  discussed  in  Ref  7 
Refs:  l)Beil  1,403,(200)  & [434]  2)J.F. 

Olin.USP  2,243,471(1941)  & CA  35,5511 
(1941 ) 3)J .S.Bogen  & C.C. Wilson,  Petrol- 

eum Refiner  23,118(1944)  & CA  40,6781 
(1946)  4)A.C.  Hutch  in  son,  "The  Use  of 
Amyl  Nitrates  as  Liquid  Monofuels,’  ’ ICI 
Ltd, Nobel  Div, Steven ston,Ayrshire(1950) 

(a  pamphlet)  5)T.E. Jordon,  ''Vapor  Pres- 
sure of  Organic  Compounds,”  Interscience, 
NY(1954),pp  180,  193  & plate  5 6)R. 

Vandoni  & M.Laudy,MSCE  40,187(1955) 
7)Sax(1957),295 


Amyl  Nitrite,  C5HUONO,  mw  117.15, 

N 11.96%,  exists  in  several  isomeric  forms 
of  which  isoamyl  nirrite(Isoamylnitrit  or 
Salpetrigsaure-isoamyl-ester,  in  Ger), 
(CH,)2CH*CH2 -CHj  .Q.NO,  is  the  most  im- 
portant. It  is  a pale  yel  liq  with  an  ethereal 
odor,  bp  99°,  d 0.8528  at  20° /4°,  n g0.7° 

1.38708.  SI  sol  in  w and  miscible  with  ale 
or  eth.  Can  be  prepd  by  treating  isoamyi  al- 
cohol wi  th  a mixt  of  NaNOa  + H2  SO«  + H2  O 
or  by  other  methods(Ref  1).  A detailed  de- 
scription of  a lab  procedure  for  the  prepn  of 
isobutyl  nitrite  is  given  in  OrgSynth(Ref  3) 
and  this  method  is  suitable  for  the  prepn  of 
isoamyl  nitrite  Its  QP  is  812.64  keal/mol 

and  its  Q*  is  44.66  kcal/raol(Ref  2).  Its  ignition 

temp  in  air  is  408°F(209°)  and  in  oxygen 
396°F(202°)(Ref  4);  temp  range  of  flammabil- 
ity in  air  extends  from  45.5°  to  134.1  °F(Refs 

5 Si  6).  More  info  on  limits  of  inflammability 
can  be  found  in  Ref  6 

Amyl  nitrite  is  used  as  a first  aid  treat- 
ment(by  inhalation)  until  intravenous  injec- 
tions can  be  given.  Its  inhalation  into  the 
lungs  presents,  however,  a danger  because 
it  might  form  an  expl  mixt  with  air(Refs  5 

6 6) 

Its  fire  and  expln  hazards  are  discussed 
in  Ref  8 and  its  toxicity  in  Refs  8 & 9 
Refs:  I)Beil  1,402,(200)  & [434]  2)J. 

Thomas,  ZPhysChem  52,348(1905)  3)Org- 
Synth  16(1936), 8 4)G.S. Scott  et  al,Anal 

Chem  20,2381(1948)  (Detn  of  ignition  temp 
of  combustible  liquids)  5)M.G.Zabetakis 
et  al,US  BurMines  RI  4824(1951)  (Descrip- 
tion of  apparatus  used  for  detn  of  limits  of 
flammability  of  amyl  nitrite  in  air  and  oxy- 
gen) 6)M.G.Zabetakis  & G.W. Jones, US 
BurMines  RI  4877(1952)  (Flammability  of 
amyl  nitrite)  7)Kirk  & Othmer  9(1952), 416 
8)R. Chary,  MP  37, 351ff(1955)  (Cardio- 
vascular props  and  the  toxicity  of  nitrated 
derivs  in  their  relation  to  the  industry)  (10 
refs)  9)Sax(1957),295 

Amylodextrin  is  an  intermediate  product  of 
acid  degradation(hydrolysis)  of  starch.  It  is 
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sol  in  water  and  gives  a blue  coloration 
with  iodine.  The  final  product  of  hydrolysis 
is  D-glucose 

Refs:  l)Merriam -Webster’ s Unabridged 

Dictionary (1 95 l)>p  92  2)Kirk  & Othmer 
12(1954), 767 

Amyloid, (C6H10Os  )x,  mw  (162.14^.  Marshall 

(Ref  2,p  150)  calls  it  ‘’hydrocellulose’’ 
and  gives  its  formula  as  CjjH^jOn.  It  is  a 
gelatinous  cellulose  hydrate  produced  when 
a freshly  prepd  soln  of  cellulose  in  coned 
sulfuric  acid  is  diluted  with  w.  Amyloid  is 
also  the  name  given  to  the  following  sub- 
stances: a)Parchment  paper  formed  by  the 

action  of  sulfuric  acid  on  sheets  of  cellu- 
lose b)substances  produced  in  woody  fis- 
sures as  an  intermediate  stage  in  the  pro- 
cess of  lignification  and  c)a  gummy  sub- 
stance found  in  seeds  of  the  nasturtium 
and  other  plants 

Marshall(Ref  2,pp  155—6)  stated  that  ni- 
tration of  "hydrocellulose’  ’ with  mixed 
acid  contg  HNOj  42.03,  H2SO„  46.22,  H20 
11.50  and  N204  0.25%  gave  a product  contg 
about  13.3%  N.  Its  soly  in  ale  was  12.15% 
and  its  methylene-blue  test(mg  absorbed  by 
lg  of  nitrated  product)  was  2.4 
Refs:  l)Beil  — not  found  2)Marshall  1 

(1917),150&  155-6  3)Hackh(l  944), 53 

4)Merriam-Webster’  s Unabridged  Dictionary 
(1951),  92 

Amylopectin  is  a branched  polymer  of  the 
fotmula(CsHl0Os ) . It  is  made  up  of  1500  or 

more  glucopyranose  units  joined  to  each  other 
through  a-l,4-glucoside  units.  In  addn  to 
these  normal  or  predominating  linkages,  an 
anomalous  a-l,6-glucoside  linkage  is  present 
at  the  point  of  branching  in  the  ratio  of  about 
1:25.  Its  structural  formula  is  given  in  Ref  7, 
p 766.  Amylopectin  is  a white  mucilagenous 
substance  present  in  starch  granules  together 
with  amylose(qv).  When  starch  is  treated  with 
water  to  obtain  a paste,  amylopectic  forms  a 
gelatinous  soln  which  imparts  to  the  paste  its 
viscosity.  Amylopectin  may  be  separated  from 
amylose  by  fractionating  starch,  as  is  briefly 


outlined  under  amylose  , and  then  nitrated  in 
a manner  similar  to  starch  (Ref  3)-  The  ni- 
trated product  obtained  by  Ashford  et  al 
(Ref  4)  contained  12.25%  N and  was  sol  in 
ale  to  the  extent  of  86%.  Its  alc-soluble  por- 
tion had  N=11.82%,  whereas  the  insol  por- 
tion had  N=12.58%.  The  stability  of  amylo- 
pectin nitrate,  judging  by  the  Abel  and 
Bergmann-Junk  tests,  was  lower  than  for 
amylose  nitrate  or  NC 

In  a later  paper(Ref  5),  Ashford  et  al  de- 
scribed an  amylopectin  nitrate  having  N= 

13.25%  which  was  attacked  by  hot  alkali  to 
a smaller  degree  than  amylose  nitrate 
Refs:  l)Beil  — not  found  2)Hackh(1944), 

53  3)W.R. Ashford,  et  al,  CanJRes  24B, 

242-3(1946)  4)Ibid,  250-3(1946)  5)Ibid 
25B, 151-4(1947)  6)Merriam-Webster’ s 
Unabridged  Diction  ary  (195  2),  92  7)Kirk  & 
Othmer  12(1954), 764  & 766 

Amyiose(also  called  Folyamylose)  is  a linear 
polymer  with  the  formula  (C^H^Oj)  . It  con- 
sists of  200—1000  glucopyranose  units  joined 
together  through  a-l,4*glucoside  linkages.  Its 
structural  formula  is  given  in  Ref  8,  p 766.  It 
is  a,  white  substance  contained  in  the  inner 
part  of  starch  granules  together  with  amylo- 
pectin(qv).  Amylose  may  be  separated  from 
amylopectin  by  fractionating  starch.  Most 
existing  methods  of  fractionating  employ 
swelling  agents  which  may  bring  about  hy- 
drolysis of  glucosidic  linkages  so  that  the 
products  isolated  from  starch  may  not  be  the 
true  constituents  of  native  starch 

The  "selective  absorption  method’  ’ em- 
ployed by  Ashford  et  al(Refs  5 & 6)  in  the 
study  of  starch  avoids  the  use  of  harsh  swel- 
ling agents  but  employs  adsorbing  agents 
(such  as  cotton  activated  charcoal  or  Fuller’s 
earth)  to  remove  amylose  from  amylopectin 
when  in  aq  soln.  The  cotton-amylose  adsorb- 
ate is  formed  instantly  when  a cold  corn  starch 
paste(2%)  is  brought  into  contact  with  cotton 
and  can  be  washed  free  of  amylopectin  with  w. 
The  cotton-adsorbate  is  then  readily  decomp 
by  boiling  w to  give  a clear  soln  of  amylose 
and  the  solid  is  obtained  by  concg  the  soln  to 
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ca  i/]D  ch  of  the  original  vol  at  a temp  not  ex- 
ceeding 55°,  adding  an  equal  vol  of  ale,  sepa- 
rating the  flocculent  amylose  by  centrifuging 
and  grinding  the  product  under  absol  ale.  The 
soln  of  amylopectin  was  coned  to  ca  l/40  at 
50—55°  and  20—25  mm  Hg  and  treated  with  an 
equal  vol  of  ale.  The  resulting  flocculent  ppt 
was  centrifuged,  dehydrated  with  ale,  washed 
with  ether  and  dried  in  a desire ator  (Ref  5, 
pp  248  & 251-2) 

Nitration  of  amylose  was  carried  out  ac- 
cording to  the  Will  & Lenze  method,  using 
mixed  nitric-sulfuric  acid  as  described  under 
nitration  of  starch(Ref  4).  The  resulting 
product  had  N=12.96%,  soly  in  ale  20%  and 
stability(by  Abel  and  Bergmann-Junk  tests) 
higher  than  for  aminopectin  nitrate(Ref  5)- 
In  the  later  paper(Ref  6),  Ashford  et  al  de- 
scribed amylose  nitrate  with  N=13.25%. 
alkali  attacked  it  slightly  more  than  amylo- 
pectin nitrate 

The  purpose  of  Ashford  et  al(Ref  5)  in 
fractionating  corn  starch  was  to  obtain  homo- 
geneous products  giving  on  nitration  more 
stable  products  than  crude  starch.  This  was 
accomplished  to  a certain  degree.  In  order 
to  make  possible  a more  thorough  study  of 
the  props  of  amylose  and  amylopectin,  a 
fractionation  of  nitrated  starch  was  under- 
taken and  a study  was  made  of  the  charac- 
teristics of  the  resulting  amylose  nitrate  and 
amylopectin  nitrate.  Separation  of  these  two 
products  was  achieved  by  fractional  disso- 
lution, employing  alcohol  as  a solvent.  A 
detailed  description  of  the  procedure  is 
given  in  Ref  5,p  252.  The  separated  nitrates 
of  amylose  and  amylopectin  had  props  simi- 
lar to  the  nitrated  starch  fractions 

Amylose  and  its  nitrated  starch  products 
were  also  studied  by  Pringsheim  et  al(Ref 
2).  They  claimed  that  nitration  of  amylose, 
even  with  a large  excess  of  nitrating  acid, 
always  gave  a mixt  of  compds  nitrated  to 
varying  degrees.  The  yield  of  crude  nitrates 
was  always  good.  On  superheating  the  solns, 
they  often  spontaneously  underwent  decompn 
with  evoln  of  nitrous  fumes.  All  the  nitrates 


described  in  Ref  2 were  unstable.  They  be- 
came yel  in  a desiccator  and  finally  lost  up 
to  75%  of  the  N 

Refs:  l)Beil  — not  found  2 )H. Pringsheim, 

Ber  58,1889-93(1925)  & CA  20,380(1925) 
3)Hackh(1944),53  4)W.R.  Ash  ford  et  al, 

CanjRes  24B, 242-5(1946)  5)Ibid  248-53 
(1946)  6)W.R. Ashford  & H.Hibberr, CanjRes 
25B,  153—4(1947)  7)Merriam-Webster’ s 
Unabridged  Dictionaty(1951), 92  8)Kir  k & 
Othmer  12(1954), 764  & 766(under  Starch) 

Amyloxide.  See  Amylether 

Am ylphth alette.  See  Diamylphthalate 

iso- Amylpicrate  or  iso-Amyi-(2f4#6-trinitfO- 
phenyt)ether(Pikrinsaureisoaraylather,  in 
Ger),(0}  N)3C6H2  ♦0,CsHll,  mw  299.24,  N 
14.04%.  Nearly  col  hexagonal  plates,  mp 
68—9°.  It  is  decomp  by  air  but  may  be  stored 
in  a vacuum;  decomp  by  water  or  acids.  Can 
be  prepd  by  treating  dipi cry  1 sulfide  with 
boiling  sodiumisoamylate 
Refs:  l)Beil  6,290  & [281]  2)C.L. Jackson 

& W.F. Boos ,AmChemJ  20,452(1898)  & JCS 
741 , 517(1898)  3)C.L. Jackson  & R.B. Earle, 
AmChemJ  29,105(1903) 

V iso-Amylureidoacetyl  Azide(Isoamyl-ureido- 
essigsaure-azid,  in  Ger),  (CH3)2  CH*CH2  *CH2  r 
NHC0-NH-CH2.C0Ns,  mw  213.24,  N 32.85%. 

Wh  solid;  expl  on  heating  but  stable  at  RT; 
easily  hydrolyzed.  Can  be  prepd  by  treating 
isoamylureidoacetyl  hydrazide  with  HCl  4- 
NaN02 

Refs:  l)BeiI  — not  found  2)T.Curtius  et  al, 

JPraktChem  125,199(1930)  & CA  24,3217(1930) 

Amyrin  or  Amyrol,Cj0HS0O.  A cryst  resinous 
substance  occurring  in  some  gums.  It  exists  in 
a-  and  /3-forms(Ref  1).  On  treating  their  solns 
in  CCl4  with  ozone,  Ruzicka  et  al(Ref  2)  ob- 
tained powdery  substances  corresponding  to 
the  formula  CJ0Hs0Ote.  They  were  called  el- 
and ^S- amyrin  ozonides.  Both  substances 
were  stable  at  RT  but  decompd  ca  100°.  These 
ozonides  were  probably  mild  expls 
Refs:  l)Beil  6,593(304)  & [568-70]  2)R. 

Ruzicka  et  al,  Ann  471,32(1929) 
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AN.  Abbreviation  for  Ammonium  Nitrate 

AN -507.  A resin-based  solid  rocker  propel- 
lant contg  Amm  perchlorate  75  and  fuel  25%. 
The  fuel  consists  of  styrene  50  & "A— 10 
Polyester  Resin’  ’ 50%.  The  d of  AN— 507 
is  0.058  lb/in.2,  Isp  195  secs,  burning  rate 
0.365  in/sec,  temp  sensitivity  0.16%/°F. 

Its  smoke  is  light 

Ref:  Armament  Engrg(1954),42 

AnAc.  Ger  designation  of  ethylideneaniline 
(Athylidenanilin,  in  Ger),CHj*CH=N‘C*Hs  , 
which  was  used  during  WW  II  as  one  of  the 
numerous  fuels  in  liquid  propellants 
Ref:  Dr  H. Walter,  PicArsn;  private  communi- 
cation 

AN-525;  AN-525J;  AN-557;  AN-565J; 
AN-579Y;  AN-581  W;  AN-583AF;  AN-584J. 

Code  names  for  cast  fuel-oxidizer  powders 
described  in  classified  "Propellant  Manual 
SPIA/M2,’  ’ ,The  JohnsHopkinsUniv, Silver 
Spring ,Md(  1959),  Unit  Nos  2,  255,  299,  256, 
356,  357,  358  & 359 

AN-586Y;  AN-628BF;  AN-2011;  AN-2017; 
AN-2030;  AN-2035AX;  AN-2502EB.  Code 
names  for  fuel-oxidizer  propellants  described 
in  classified  "Propellant  Manual  SPIA/M2’  ’ 
(1959),  Unit  Nos  477,  478,  257,  298,  360, 

479  & 489 

An  agon  Powder(Anagon-Sprengpulver,  in  Ger). 
According  to  Escales(Ref  1)  it  is  a raixt  of 
neutral  inorg  nitrates  with  pulverized  Al, 
charcoal  & alizarin  or  resinified  linseed  oil. 
Medard(Ref  2)  gives  compn  of  Anagon  as: 

AN  84.5,  K nitrate  1.5,  Al  5.5,  charcoal  8.0 
& Ba  nitrate  0.5% 

Refs:  l)Escales,  Ammons prengstoffe(l 909), 

104  2)L.  Medard.MAF  22,596(1948) 

"Analmatic'  * is  an  automatic  lab  system 
which  does  away  with  routine  lab  work.  This 
system  was  invented  by  the  Ger  firm  Achema 
and  is  now  available  in  US  through  Chicago 
Apparatus  Co 

Ref:  Anon,  C&EN  36,  48(9  June  1948) 


ANALYTICAL  CHEMISTRY 

Following  is  a selected  list  of  books  on 
this  subject: 

l)Collective,  "Allen’s  Commercial  Organic 
Analysis,’’  Blackiston,  Philadelphia,  vols 
1-10(1923-33)  2)W.W. Scott  Si  N.H.Furman, 

"Standard  Methods  of  Chemical  Analysis,’’ 
Van  Nostrand,  NY(1939)  3)F.P. Treadwell 

& W.T.Hall,  "Analytical  Chemistry-,’  ’ Wiley, 
NY(1937-I942)  4)I.M.Kolthoff  et  al,  "Volu- 
metric Analysis,”  Interscience, NY,  1(1942), 
2(1947),  3(1957)  5)A.L. Olsen  & J.W.Greene, 
"Laboratory  Manual  of  Explosive  Chemis- 
try,’ ’ Wiley, NY(1943)  6)F.D.Snell  & F.M. 
Biffen,  "Commercial  Methods  of  Analysis,’  ’ 
McGraw-HiIl,NY(1944)  7)R.E.Burk,  edit, 
"Recent  Advances  in  Analytical  Chemistry,’  ’ 
Interscience,NY(1949)  8)W.G.BerI,  "Physi- 
cal Methods  in  Chemical  Analysis,”  Aca- 
demic Press,NY(1950)  9)H.H. Willard  et  al, 
"Instrumental  Methods  of  Analysis,”  Van 
Nostrand, NY(195l)  10)A.I. Vogel,  "A  Text- 

book of  Quantitative  Inorganic  Analysis,’  ’ 
Longmans,  Green, London(l  951)  11)D.F. 

Boltz,  edit,  "Selected  Topics  in  Modern 
Instrumental  Analysis,’  ’ Prentice-Hall, NY 
(1952)  12)I.M.Kolthoff  & E.B.Sandell, 
"Textbook  of  Quantitative  Organic  Analy- 
sis,’ ’ Macmillan, NY(1952)  13)M.Pesez  & 

P. Poirier,  "Mechodes  et  Reactions  de 
1’ Analyse  Organique,”  Masson, Paris(1952) 
14)I.Specht,  "Quantitative  Anorganische 
Analyse  in  der  Technik,”  VerlagChemie, 
Weinheim(1953)  l5)J.J.Lingane,  "Electro- 
analytical  Chemistry,’  * Interscience,NY 
(1953)  l6)W.F.Hillebrand  & G.E.F.Lundell, 
"Applied  Inorganic  Analysis,”  Wiley, NY 
(1953)  17)S.R. Young,  "Industrial  Inorganic 

Analysis,”  Wiley ,NY(1953)  18)CoIlective, 
"Organic  Analysis,”  Interscience, NY,  v I 
(1953),  v 2(1954)  & v 3(1956)  19)F.Feigl, 
"Spot  Tests,”  Elsevier, Amsterdam(1954) 
(translated  by  R.E.Oesper)  20)C.W. Griffin, 
"Inorganic  Quantitative  Analysis,’  ’ Blaki- 
ston,  Philadelphia(1954)  21  )L.F.  Hamilton 
& S.G. Simpson,  "Calculations  of  Analytical 
Chemistry,”  McGraw-Hill, NY(1954) 
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22) G.W. Ewing,  "Instrumental  Methods  of 
Chemical  Analysis,’’  McGraw-HilI,NY ( 1954) 

23) J.H. Harley  & S.E.Wiberley,  “Instrumental 

Analysis,”  Wiley, NY(1954)  24)C.R.N. 

Strouts,  J.H.Gilfilan,  “Analytical  Chemistry,” 
ClarendonPress, Oxford,  vols  1 & 2(1955) 

25)G. Chariot  & D. Bezier,  “Methodes  Modernes 
d’ Analyse  Quantitative  Minerale,”  Masson, 
Paris(1955)  26)R. Belcher  & C.L. Wilson, 
“New  Methods  in  Analytical  Chemistry,” 
Reinhold, NY(195 5)  27)A.F.Dagett  & W.B. 
Meldrum,  “Quantitative  Analysis,”  Heath, 
Boston(1955)  28)M.G.Mellon,  “Quantita- 
tive Analysis,’  ’ Crowell, NY(1955)  29)W. 
Wagner,  C.J.Hail  & G.E.Markle,  “Advanced 
Analytical  Chemistry,’  ’ Reinhold,NY(1956) 
30)S.Siggia  & H.J.Stolten,  “An  Introduction 

to  Modem'  Organic  Analysis,’  ’ Interscience, 
NY(1956)  31)R.L.Shriner,  R.C.Fuson  & 
D.Y.Curtin,  “The  Systematic  Identification 
of  Organic  Compounds,”  Wiley ,NY(1956) 

32)G. Char  lot  & D.  Bezier,  “Quantitative  In- 
organic Analysis,’  ’ translated  from  the 
French  by  R.C. Murray,  Methuen  Co, London 
(1957)  33)L.Meites,  H.C. Thomas  & R.P. 
Bauman,  “Advanced  Analytical  Chemistry,” 
McGraw-Hill, NY(1958)  34)L.F.Hamilton  & 
S.G. Simpson,  “Quantitative  Chemical  Analy- 
sis,” Macmillan, NY(1958)  35)I-M.Kolthoff, 
P.J.EIving&  E.B.Sandell,  “Treatise  on 
Analytical  Chemistry,”  Interscience, NY, 
vol  l(in  three  parts)  (1959)  36)C.L. Wilson 

& D.W. Wilson,  “Comprehensive  Organic 
Analysis,’  1 Elsevier, Amsterdam(1959) 
37)Collective,  “Anal  Reviews  of  Analyti- 
cal Chemistry,”  AnalChem  21,196—84 
(1949);  22,2-153  & 206-71(1950);  23, 
1-257(1951);  24,1-300(1952);  25,  1-380 
(1953);  26,1-440(1954);  27,1-476(1955); 

27,577  et  seq(1956)  (See  also  Activation 
Analysis,  Chromatographic  Analysis, 
Colorimetric  Analysis,  Microanalysis, 
Polarographic  Analysis,  Semi-Micro  Analy- 
sis,etc) 

Analytical  Procedures  far  Acids.  See  under 
individual  acids,  such  as  Acetic  Acid, 

Nitric  Acid,  Sulfuric  Acid,  etc  and  also 


under  explosives  and  propellants  for  manuf 
of  which  these  acids  are  used 

Analytical  Procedures  for  Explosives  and 
for  Primary  Materials  Used  for  their  Manu- 
facture are  described  under  corresponding 
primary  materials,  such  as  Aniline,  Anisole, 
Benzene,  Toluene,  etc 

Analytical  Procedures  for  Propellants  are 

described  under  Propellants 

Anarchists’  and  Revolutionists’  Explosives 
and  Weapons.  See  Explosives  and  Weapons 
Used  by  Anarchists  and  Revolutionists 

Anasite.  An  expl  compn  consisting  of  AN, 

K nitrate,  myrobalans  and  a small  amt  of 
agar-agar 

Ref:  CondChemDict(1942),  287(not  listed  in 
newer  editions) 

ANB.  Code  name  for  a cast  double-base  pro- 
pellant described  in  classified  “Propellant 
Manual  SPIA/M2,’  ’ JohnsHopkinsUniv, 
SilverSpring, Md(1959)»  Unit  No  407 

Anbenyaku.  A Japanese  expl:  An  55  & DNB 
45%  used  during  WW  II  as  a bursting  chge  in 
some  projectiles.  It  was  manufd  at  Nanman 
Arsen al, Manchuria, under  the  name  of  $ho- 
benyaku(Refs  1 & 2).  A blasting  expl  also 
called  Anbenyaku  was  patented  after  WW  II 
by  Watanake.  It  consisted  of  AN  71.7,  NG 
8.0,  CC  0.3  & powdered  seaweed(Ref  3) 

Refs:  l)G.C.Tibbitts  et  al,  PB  Rept  50394 

(1945)  2)R. A. Cooley  et  al,  PBL  Rept  53045 
(1945)  3)T.Watanabe,  Japp  176  ,113(1948)  & 
CA  45,4930(1951) 

Anchorite.  One  of  the  Brit  “permitted”  expls: 
AN  34,  Na  Nitrate  33,  TNT  12,  Amm  chloride 
20  & moisture  1%;  max  chge  14  oz;  ballistic 
pendulum  swing  by  4 oz  of  expl  2.73"  vs 
3.27"  for  std  Gelignite  contg  60%  NG 
Ref:  Bamett(1919),132 

Anderson' s Explosives,  patented  in  1908  in 
Denmark  had  the  following  compositions: 
a)Pb  peroxide  60  & PA  40%  b)Pb  peroxide  45, 
PA  20,  TNT  10,  GC  15  and  NG  10% 

Ref : Colver(l 918), 324-5 
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Andre*  s Explosive,  patented  in  1895*  con- 
tained AN  85,  K nitrate  3 and  wood  flour  12% 
cf  Electronite  No  2 
Ref:  Daniel(1902),28 

ANE,  Code  name  for  a cast  double-base  pro- 
pellant described  in  classified  "Propellant 
Manual  SPIA/M2’  * (1959),  Unit  No  408 

Anello  di  forzamento(Ital).  Driving  band(of 
a projectile) 

Anello  groduato(Anello  mobile)  (Ital).  Time 
ring(of  a fuze) 

Anello  superiore  della  spoletta(Ital).  Upper 
time  train  ring 

Anesthetic  Agents,  Ignition  and  Explosion  of. 

Some  anesthetic  agents  used  by  inhalation 
(such  as  ether)  may  ignite  or  explode  when 
brought  in  contact  with  air  or  oxygen.  The 
subject  of  ignition  and  explosion  of  anesthe- 
tic agents  is  discussed  in  the  following  papers: 
Refs : l)M.Thalheimer,  Anasthesie  et  Anal- 

gesie  4,382-9(1938)  & CA  32,8781(1938) 
(Expins  of  anesthetics  in  operation  rooms) 

2)W. P. Morrill,  BullAmAs socNurseAne sthetics 
7,302-9(1939)  & 8,285-95(1940);  CA  34, 
1486(1940)  & 35,624(1941)  (Hazards  and  pre- 
vention of  anesthetic  expins)  3)D.F. March, 
UnivCalifPubPharmacal  1,369-74(1940)  & 

CA  35,2276(1941)  (Explosibility  of  inhalation 
anesthetics  and  related  compds)  4)H.B.Hass 
et  al,  Anesthesia  and  Anelgesia  20,1—14(1941) 
& CA  35,2217(1941)  (Studies  relating  to  anes- 
thetic expln  hazards)  5 )J*W. Horton, Anesthesi- 
ology 2,121-37(1941)  & CA  35,4208(1941) 
(Present  status  of  the  problem  of  preventing 
anesthetic  explns)  6)B. A. Greene,  Anesthesi- 
ology 2,144-60(1941)  & CA  35,4954(1941) 

(The  hazard  of  fire  and  expln  in  anesthesia) 
7)W.P. Morrill,  Hospitals  15, No  4,  42-9(1942) 

& CA  36,2413(1942)  (Ane sthetic  explns— 
their  incidence  and  prevention)  8)G.W. 

Thomas,  et  al,  US  BurMinesTechPaper  653, 
47pp(1943)  & CA  38,  487(1944)  (Expln  haz- 
ards of  combustible  anesthetics)  9)S.O. 

Miller,  NebraskaStateMedJ  29,9—11(1944)  St 
CA  38,3477(1944)  (The  expln  hazard  in 


anesthesia)  (A  lecture)  10)F .Cole, Surgery 
18,7-26(1945)  & CA  39,44  87(1945) (Expln 
in  anesthesia)  (A  review  with  77  refs) 

11  )W. A. Low,  ProcRoySocMed  44,219—24 
(1951)  & CA  45,6844(1951)  (Fires  and  explns 

connected  with  anesthesia)  12)B.A.Ribeiro, 
Arqivos  de  Facultade  de  Hygiene  e Saude 
Publics  da  Universidade  de  Sao  Paulo 
(Brazil)6, 61-84(1952)  & CA  47,9013(1953) 

(A  review  with  53  refs)  13)A.S. Jackson, 
JlntemlCollegeSurgeons  23,398—401(1955) 

& CA  49,7853(1955)(A  discussion  of  the 
causes  and  prevention  of  explosions  of  in- 
halation anesthetics  during  their  use) 

Anethole,  p-Allylphenylmethylether  or  p- 
Propenylanisole(<'Anisoin’ ’ or  "Anise 
Camphor"  hCHj-CHtCH.QH^OCH,.  Wh 
cry st s tending  to  melt  at  warm  RT.  It  was 
the  first  org  compd  to  be  treated  with  fuming 
nitric  acid  to  produce  a nitrocompound.  This 
nitrocompd[Cl0Hl0(NO2  )2  ] , mw  222.20,  N 

12.60%,  was  prepd  in  1842  by  Cahours(Ref 
2)  and  is  called  in  Beil  "Dinitroanisoin,*  ’ 
because  the  name  of  polymeric  anethole 
(Cl0H12O)x  is  "anisoin**.  Anethole  com- 
bines with  PA  to  yield  a mild  expl, 

Cl0Hl2  0+C4H,Nj07,  red  ndls(from  ale),  mp 
70°(decomp) 

Refs:  l)Beil  6,566-70,(280-1)  & [522-3] 

2)  A.  Cali  ours,  Ann  57,73(1842)  3)CoIver 
(1918), 82-3 

ANF— 58.  Code  name  of  one  of  the  liquid 
fuels  of  rocket  propellants  listed  by  Bloom, 
Jr,  et  al,  without  giving  its  compn 
Ref:  R. Bloom  et  al,  JAMRocketSoc  No  80, 
14(1950)  & CA  44,8110(1950) 

Angayaku.  Japanese  expl  compns:  a)AN/ 

RDX-75/25,  78/22  or  84/16  b)GuN/RDX/ 
AN -34/1 5/51  or  32/20/48  used  during  WW 
II.  All  of  them  were  white,  nontoxic  mixts 
comparable  in  performance  to  amatols.  The 
expls(a)  were  used  for  press-filling  some 
bombs,  while  expls(b)  were  used  for  cast- 
loading some  shells  and  bombs.  It  was 
claimed  that  expls(b)  had  low  coefficient 
of  shrinkage  and  therefore  could  be  poured 
in  quite  large  casts  in  a single  pour,  whereas 
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with  similar  expls  based  on  TNT,  it  was 
necessary  to  break  down  between  increments 
in  the  larger  casts 

Re/s:  l)Anon,  OpNav  30-3M(1945),27 

2)AnoQ,  Allied  and  Enemy  Explosives, Aber- 
deen Proving  Ground, Md(i946),  135  3)G.C. 
Tibbitts  et  al,  PB  Rept  50394(1946), 48  & 

62  and  Annendix  A 

r — ' " 


Angeii,  Angelo(1864— 1931)  An  Italian  pro- 


bation to  the  explosives  industry  (See 
' 'Angeii  Te st' ' below) 

Ref:  L.Cambi,Gazz  63,527—60(1933)  & CA 
28,1231(1934)  (An  obituary  and  a bibliogra- 
phy of  Angeli' s 238  publications  from  1889 
to  1931) 


Angeii  Iest(5aggio  Angeii  in  Itai)  (Detec- 
tion of  Acidity  in  NC  Propellants).  The 
pr£££f.cc  of  sRisll  amts  of  acid s ^ icH  sf€ 

not  easily  detectable  by  indicator  papers 
or  by  means  of  tests  involving  heating  may 
readily  be  detd  by  the  following  procedure: 

Cut  ca  0.5g  of  sample  in  very  thin  slices 
(shavings),  place  them  in  a small  beaker 
and  add  a few  mis  of  distd  w contg  3—4 
drops  of  0 2%  2.1  c soln  of  p"dim0thyrl3.mifio- 
azobenzene("butter  yellow'  ’ ),  (CH3)2N-- 
C«H«*N:N-C6Hs  , serving  as  an  indicator. 

Stir  the  mixt  in  cold  and  observe  the  color 
of  shavings:  if  it  is  yel,  the  sample  is 
alkaline,  if  it  is  red,  the  sample  is  acid 
and  if  the  color  is  buff,  the  sample  is  neu- 
Ip  lacr  cssc  it  is  advisable  to  llOBt 
the  mixt  slightly  in  order  to  be  sure  that  the 
sample  is  neutral.  If  the  sample  is  acidic, 
the  degree  of  reddening  indicates  the  extent 
of  decompn  of  the  propellent.  If  the  red  color 
appears  and  then  disappears  almost  imme- 
diately, it  might  indicate  that  the  material  is 
5jt  an  advsne wd  st— of  decompn  and  that 
oxides  of  nitrogen,  being  evolved  during  the 
test,  are  attacking  the  indicator  with  proba- 
ble formation  of  a compd  such  as  (CH3)2:- 
NR:C4H4:N*  NH-C6H5(?)  where  R is  the  acid 
group(Kef  2) 

This  test  can  also  be  used  for  detg  acidity 
or  alkalinity  of  expls 


If  it  is  required  to  examine  the  decompos- 
ing effects  of  light  on  expls  or  propellants, 
the  same  test  can  be  used  and  if  the  result- 
ing coloration  is  too  intensely  red,  a weaker 
soln  of  indicator  is  advisable 

n - l \ a A _ _ 1 1 A a - J ▼ ! ^ ^ ^ 

ii,  x/ f 

164(1918);  JSCI  37,608A(1918)  & CA  13, 
262(1919)  2)A. Angeii  & G.Erani.Gazz  50  I, 
139(1920)  & CA  14,2858(1920)  3)A.Angeli, 
SS  17,115(1922)  & CA  16,4064(1922)  4) 
Molina(I930), 428-30  5)Reilly(1938),90 

Angstrom,  A,J.(1 814—1874)  A Swedish  physi- 
cist, noted  for  optical  research.  He  proposed 
a unit  of  wave  length  equal  to  10  7 m ft  or 

id"1 't-u : i i „ j .i ; 

j. vs  iii^a.  i nib  uun  x s>  caiitu  luc  aug2>uum 

and  is  abbreviated  to  A or  AU 
Ref:  Hackh(1944),57 

ANH.  Code  name  of  a cast  double-base  pro- 

rv^llanr  rlpcrrilvH  in  rlac  nPrrthAl  lanr 

i 1 

Manual  SPIA/M2,’  ’ JohnsHopkinsUniv, 
SilverSpring, Md(1959),  Unit  No  409 

Anhydro-[cotar  nine-(2,4, 6-trinitrotoluene)] 
or  V -{2,4,6-Trinitrobenzyl)-hydrocotarnine 


^0^<?CHS)  CH2  -C6Hj  (NOj  )j 
H.C  Hf. fH-N.fH. 

\j""l  l 

H2C ch2 


mw  446.37,  N 12.55%.  Yel  prisms,  by  pptg 
with  MeOH  from  chloroformic  soln;  melts  when 
slowly  heated  to  ca  130°  with  expl  decompn. 
Sparingly  sol  in  most  neutral  solvents  but 
readily  dissolves  in  cold  chlf.  Can  be  prepd 
by  grinding  a mixt  of  TNT,  ale  and  cotarnine 
Refs:  l)BeiI  27,(459)  2)E.Hope  & R. 

Robinson, JCS  99,2133(1911) 


Anhydrodiacetoneurea  or  2* Oxo-4,4f6»trl methyl- 
tetrahydfopyrimidine  H3C-C NH — CO 

HC C NH  , 

il 

(CH3)2 

when  nitrated  with  mixed  nitric  sulfuric  acid 


yielded  Tr  in  itroanhydrodi  acetone  urea, 
C7H9N20(N02)st  mw  275.18,  N 25.45%.  Wh 

ndls(from  ale),  which  flash  when  heated  in  a 
flame.  It  is  diff  sol  in  cold  w and  decomp  by 
i : i : a ~ — ,1  r>_ .. r..i 

UUiJAtig  w t no  aau  i_j  a oaito  ru  t jjy  wgnut  t a 


a A 
A4y*t 


Refs:  l)Beil  24,71  2)W.Traube  & H. 

T ^ron-,  Rot.  "10  Il<l_jnOOO\ 

J1V1  J\AU/// 


ANHYDROENNEAHEPTITOL 
AND  DERIVATIVES 


Anbydroenneaheptitol  or  T etrahyd.ro- 
3, 3. 3, 5~t  e trakis(  hydroxymethyl  }~4- 
oxypyrane, C9Hia04,  mw  222.23.  Wh  crysts 
(from  ale),  mp  156°.  Can  be  prepd  by  the 
interaction  of  acetone  with  a large  excess 
o£  fonijuidwbydw  m r ju  tHc  p t v*  o ^ 

of  slaked  lime  as  a condensing  agent(Refs 
1—4).  Its  Qc  is  1158.1  keal/mol  and  Qj 
300.0  kcal/mol(Ref  5) 

Refs : l)Beil  17,208  2 )M. Appel  & B. 


nt*  11  . A 1 / r\/ 1 rtA  / \ 

lonens,  mm  4>OT,*io-~y\ioyo) 


OSRD  Rept  2014(1944)  4 )J.F. Walker, 
"Formaldehyde,'  ’ ReinhoId,NY(I953).226— 7 
5)L.Medard  & M.Thomas,  MP  38,51  & 62(1956) 


Anbydroenneaheptitol.  Azido~C9H37N,Os  and 
Diazido - CsW1#Ntt0„  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 

Anbydroenneaheptitol,  Mononitro-  C9Hl7NOt 
Dinitro - C9Hl6N2Ol0  Trinitro-  C9H2i  N3Ol2 
and  T etranitro-  C9Hl4N4Ot4  Derivatives  were 
not  found  in  Beil  or  CA  through  1956 


Anhydroenneoheptitol  Pentanitrate(AEHP)  or 

T etranitroxy-3.3,3 ,5'tetrakis(nitroxymethyl) 

1 11 1 ^ 1 A/I  n _ ^ ^ r e 

mHmvxypyTunv , mucu  iui>u  £i\-r  yrun-j,j,  j- 

(4H,6H)‘tetramethanol;  2,2,4,4‘Tetrakis 
( hydroxy  me  thy  In  it  ra  te  )■  1 -pyrano-  1-nitrate 
(Pentanitrate  de  1*  anhydro-enneaheptite,  in 
French), 

(Oa  NO-Hj  C)2  C-  CH(0N02 )— C(CH2  -0N02  )2 , 
H2C— 0 CHa 

mw  447.23,  N 15.64%,  OB  to  C02  “30.4%, 

OB  to  CO  +1.8%.  Crysts,  mp  132.5—136°; 
explodes  at  higher  temps.  Can  be  prepd  by 
nitration  of  A EH  as  described  in  Refs  2 & 4. 
It  was  patented  by  von  Herz  for  use  in 
blasting  caps(Ref  2).  He  claimed  that  AEHP 
possessed  greater  brisance  and  lower  sensi- 
tivity than  PETN.  According  to  Blatt(Ref  3), 
the  power  of  AEHP,  detd  by  ballistic  mortar, 
is  137%  of  TNT  and  the  impact  sensitivity, 
when  detd  with  BurMines  app  and  2 kg  wt,  is 
30  cm  vs  16  cm  for  PETN.  Medard  & Thomas 
(Ref  5)  give  for  at  18°  1105.2  keal/mol 
and  QJ  184.1  keal/mol 

A 


Refs : 1 )Bei  1 - not  found  2)E.von  Herz, 

GerP  856,527(1913)  3)A.H.Blatt,  OSRD 
Rept  2014(1944  ) 4)J.F.Walker,  "Formalde- 
hyde,” Reinhold, NY(1953), 473  5)L.Medard 
& M.Thomas,  MP  36,  123-5(1954)  & CA  50, 
3763(1956) 

ANHYDROFORMALDEHYDE  ANILINE 
AND  DERIVATIVES 

Anhydro  form  aldehyde  anilin  e;  T rim  eric  M ethyl- 
eneaniline  or  1,3,3-Tnphenyl-trimetbylenetri- 
amine,  H2  C N(C6HS  ) — CH2 

(H,  C6)N CH2 N(C6H5 ) 

Crysts,  mp  140—3°;  nearly  insol  in  w;  very 
si  sol  in  ales  more  sol  in  eth  and  easily  sol 
in  chlf  & benz.  Its  prepn  Is  described  In 
Refs  1—4.  It  has  been  used  in  plastics  and 

~~  i * .i t 

ho  Ati  lit  uiv  YUivam^atiuii  u a 

rubber 

Refs:  l)Beil  26,3  & [33  2)Ullmann  3(1953), 

494  3)Kirk  & Othraer  11(1953), 874  4)Walker 
(1953), 10  & 288 

Anhydroformaldehy deaniline,  Azido-  C21H20N6, 
Diazido - CJ2Hl9N9  and  Triazido - C21W1#/V12 
Derivatives  were  not  found  in  Beil  or  CA 
through  1956 

NitToanhydroformaidehy deaniline, C2  jH20N4Oa , 
mw  360.40,  N 15-55%.  Red  solid,  mp  136— 41°; 

k urn  r clrt  mli;  trt  ff  amA  lA^irinn  1 of  oa  amf 

"4; 

of  ash;  si  sol  in  95%  ale.  Was  prepd  by  Shriner 
et  al(Ref  2)  in  90%  yield  by  nitration  with 
mixed  98%  nitric  acid  and  acetic  anhydride, 
followed  by  pouring  the  mixt  into  crushed  ice. 
The  yieid  was  oniy  50%  when  mixed  nitric- 
sulfuric  acid  was  used.  The  substance  does 
not  seem  to  possess  expl  props  worthy  of 
future  testing 

Refs:  l)Beil  — not  found  2)R.L. Shriner  et 

al,  OSRD  Rept  2054(1943),  11  & 15  3)CA 
through  1956  — not  found 

Dinitroanhydroformaldehydeaniline,Q2  jH^Nj  04 
and  higher  nitrated  derivs  were  not  found  in 

Ra  iI  r,  r ( A fkpAtl  aK  1 
w- 

Anhydroglucose,  C6Hl0Os;  wh  ndls,  mp  117- 
18°;  v sol  in  so  1 slcj  v si  sol  in  sth  yl»c£* 

tate.  Was  prepd  by  Fischer  & Zach  by  hy- 
drolysis of  glucosides(Refs  1 & 2) 

Note:  It  is  logical  to  assume  that  this  compd 
can  be  nitrated  to  form  explosives.  None  of 


A405 


the  nitrated  derivs  was,  however,  found  in 
Beil  or  CA  through  1956 
Refs : ,l)Beil  18,386  2)E. Fischer  & K. 

Zach,  Ber  45,459-61(1912) 

Anhydrohydrostinine*[2,4,6*trinitrotoiuene] 
of  V -[2,4,6-trinitrobenzyl]-hydrohydrastInine, 

Cri, -C4H2(N02)3 

I 

H2C^  CH N-CH, 

'o^  i 1 

H2C CHj 

mw  416.34,  N 13.64%.  Or-yel  prisms(from 
ethyl  acetate);  mp  decomp  explosively  ca 
14 3° ■ Can  be  prepd  by  grinding  a mixt  of 
TNT,  methanol  and  nyarastinine 
Refs:  l)Beil  27, [535]  2)R. Robinson  & 

H. West.  JCS  1926,1987 


An  h yd  ro-(4-hydroxy-3*carboxy-azo  benzene* 

it  i: da:i 

H •UlUAVIIIUIIIIIfUIVAlUV,  V.  “lltu  lu  Util 

Anhydro-[4‘Oxy-azobenzol-carbonsaure- 
(3)-diazoniumhydroxyd-(4'  )] 

H0.<^  y -N:N  ^ y*N:N 


mw  268.23,  N 20.89%.  Brn-blk  powder,  mp 
— deflagrates  at  130—2°;  fairly  stable;  insol 
in  most  of  org  solvents;  dissolves  in  aq 
pyridine  with  formation  of  salts.  Can  be 


prepd  by  the  diazotization  of  anilinosali- 


cyiic  acid  as  described  in  Kef  2 
Refs:  l)Beil  16,375  2)C.Bulow,  Ber  44, 

608-10(1911) 


1.4- Anhydro-u-mcmnitol.  Same  as  Mannitan 

1.5- Arthydro-D -mannitol . Same  as  Styracite 

Anhydro*(7*oxy*4*metHylcumarin*8*diazonium* 
hydroxide),  called  in  Beil  8-Diazo~4~methyl - 
umbelliferon  and  in  Ref  2 f$-h\ethylumbelli- 
feron  e-j-di  azoanhydri  d, 


N=N 

I .C  CO 

I # \ /X  / \ . 

OC  c CO  or  HC  C 


CH  C(CHj) 


3 ,C.  ,i_H 

\ / \ # v 
C(:Nj ) C(CR) 


mw  202.16,  N 13.86%.  Red-yel  crysts  of  two 

isomers,  one  defl  at  173 5°,  the  othe r( which 

is  not  always  present)  at  135-6°.  The  1st 
isomer  gives  red  prisms  with  PA,  deflg  at 
176— 80°,  while  the  2nd  gives  ndls  deflg  at 
160—5°.  Both  isomers  were  prepd  by  treat- 
ing 8-amino-4-inetnyl-umbeiliferone(Beii  18, 
624)  with  NaN02  +HC1,  as  described  in  Ref  2 
Refs:  l)Beil  18.652  2)H.von  Pechmann  & 

J.Obermiller,  Ber  34,668-70(1901) 


1 R_  AkIi xjA *v»_  n_e/n>kii/\l 


D/\1ti  r>o]  it 
i V4 7 5^**4 


or  Acerite,  formerly  called  Styracite 

^ A/ 9\.  A rkk  U/Jwa.  n _ e S4mI  U n 

, v6ul3  ^5  J OLJ, 

mp  113°,  obtained  by  treating  anhydro-D- 
glucose  with  Na  amalgam  in  weak  alk  soln. 

It  seems  logical  to  assume  that  it  can  be 
nitrated  to  form  expls  but  none  of  such 
products  was  found  in  Beil  or  CA  through  1956 
Refs:  l)Beil  17,(129)  2)E. Fischer  & K. 

Zach,  Ber  45,2070=1(1912) 

Anhydrous  Ammonia.  See  under  Ammonia 

Anhydrous  Powder.  Same  as  Baked  Powder 


Anilides  are  compds  contg  the  monovalent 
C6Hs  NH-radical,  such  as  acetanilide, 

CftHs  NH-COCHj,  nitranilide,  C6H3NH*NOj  , 
etc.  Some  of  the  nitrated  products  are  exp! 
Refs:  l)Hackh(1944),58  2)Kirk  & 

1MCU71  Ol  A 


ANILINE 

(Ami nobenzene  or  Phenyiamine) 


A1  n XT  t * f\A<rr  HD  r'r\ 

ITT  J-T  4.yflVT/0,  v/u  LW  Wj 


-266%.  Col  oily  liq,  fr  p -6.2°,  bp  184  4°, 
d 1,022  at  2074°,  nD  1.5863  at  20°,  sp  ht 
0.518  cal/g  at  20-25°,  at  ht  of  vapn  113-9 
cal/g,  HP  815  cal/g,  H*  810.4,  fl  p 168°F 
(75. 5°)  & vap  press  at  various  temps(Refs 
4&  6).  It  is  si  sol  in  w and  very  sol  in  ale, 
eth  or  hen?.  Was  first  prepd  in  1826  by 
Unverdorben.  The  usual  method  of  prepn  of 
aniline  is  the  reduction  of  nitrobenzene  with 
iron  in  dil  HCl  or  amroonolysis  of  chloro- 
benzene. Tech  methods  for  its  prepn  are 
given  in  Refs  4 Sc  10*  Am  line  was  formerly 
used  as  a stabilizer  for  smokeless  propel- 
lants but  its  strongly  basic  character  and 
volatility  are  serious  objections  to  such 
use  (Ref  2).  Snelling  & Wyler(Ref  3)  pro- 
pu5cd  the  use  Ol  aniline  as  a sensitizer 
for  AN.  The  principal  commercial  use  of 
aniline  is  In  the  manuf  of  dyes  and  synthetic 
irubber  additives(Refs  4 & 10),  while  its 
military  uses  are:  a)  as  a fuel  in  liq  rocket 
propellants(Refs  5a,  7,  9&  12)  b)as  an  in- 
termediate in  the  manuf  of  diphenylamine 

AM  J /”*  A Alt  A J rt  1 - < rt 

dliu  C1IH/4VJTWU  ao  □iowin^i.o  AM 

NC  propellants  (Refs  4 & 10)  and  c)  as 
the  starting  material  for  the  production  of 
tetryl 

Its  higher  nitrated  compds  are  powerful 
expls  (see  below).  Military  requirements  of 

aniline  are  discussed  in  US  Spec  MIL-A- 
i/wcnA 3 A ~t  a*  I l 

iu*t  JV/l  <11111  iintVAiUHJf  1U  J-WW  -IjX  w AAV 

Aniline  is  extremely  poisonous  and  if  ad- 
sorbed through  the  skin  may  lead  to  cyanosis 
and  death  (Ref  5) 

Aniline  forms  salts,  some  of  which  are 


explosive  (see  below) 

Refs : 1)  Beil  12,  59,  (131)  & [44] 

2)  Marshall  I,  (1917),  272  3)Wr  0,  Snelling 
& J.  A.  Wyler,  USP  1,  827,675(1930  & CA 
26,601(1932)  4)Kirk  & Othmer  1(1947), 
914-20  4a) J.B. Willis, TrFaradSoc  43,100 

(1947)(Heat  of  combustion)  4b)W,C. 
Lotnrop  et  al,  JACS  73,3583(i950(Io*r»*cd 


spectra)  5)J.D.Clark,Ordn  36,661-3(1952) 

5 a)Kirk& Othmer  11(1953),  770  6)Jordan 
(1954),  181  & 196  7)S.  Krop , J etP  ropn  24 , 

224(1954)  8)M. Kilpatrick  & L.L.  Baker, 

mc.l  !.._ r' i a * p > r> _i t_ 

_7Lii  oynjpui»iuju  un  Vw-uinu  r lu^uui^u 

1954,  published  in  1954,  pp  196-205  & CA 
50,  574(1956)  9)Sutton(1956),  168  & 177  10) 

Faith, Keyes  & Clark(195 7),  115*28  ll)Sax 
(1957), 300  12)Warren(1958),  21&25 

Suits  of  Aniline  with  Inorganic  Acids: 

Aniline,  Azidoderivatives.  See  under 

A On  ■ 1 ■ n A 

A Ht.AViVMUliUi'. 

Anilinochlorate,  C6H7N  + HC103;  col  prisms 
exploding  ca  75-6°  or  on  impact;  sol  in  w and 
v sol  in  ale  or  eth.  Can  be  prepd  by  treating 
aniline  with  aq  chloric  acid.  It  is  unstable 

Refs : l)Beil  12,116-7  2)M.Beamer& 

F.W.  Clarke,  Ber  12,1066(1879) 


Anilinoiodale , C6H7N  + H10,;  scales,  d 1.48 
at  13°,  expl  at  125-30°  on  rapid  heating  but 
remains  unchanged  on  slow  heating;  sol  in 
hot  w & v sol  in  hot  ale.  Can  be  prepd  by 
treating  aniline  with  aq  iodic  acid 
Refs:  l)Beil  12,117  2)M.Beamer  & F.W. 


C-l  * J--  11  t a/ iC/  i n-»n\ 

w<uac,l?ci  » ± lo  /y) 


Anilinonitrate , C6H7N  + HNOs;  col  crysts,  mp 
182-4°,  yields  nitraniiine  when  heated  to 


190  , d 1.356  at  4 , very  sol  in  w,  ale  or 


u.  a.aaJ  x.r 

Ujf  L1C  OL1L 


nitric  acid  as  described  in  Ref  2,p  1798  Its 
Q*  is  787.9  kcal/mol(Ref  2,p  100), Qf  795- 1 
(Ref  3)  and  Qf  +42  5 kcal/mol(Ref  3) 

Note:  According  to  Daniel(1902),pp  462-3, 
aniline  nitrate  served  in  France  for  the  prepn 
of  a primary  compd,  diazobenzene  nitrate , 
known  in  France  as  aniline  fulminanie.  The 
reaction  proceeded  as  follows: 
r_H_NH_  HNO.  +HNH.  -»  C H W.  HNA.  +?H.n 

— fc--a 2 “3  ”2  v 3 * ~ 

Nitrous  acid  was  obtained  by  the  interaction 
of  nitric  acid  with  arsenic  acid 


Refs:  l)Beil  12, 117, (141), [66]  2)J.B. 

Willi s,TrFaradSoc  43,98  & 100(1947)  3)T. 

L. Cottrell  & J.E.GillJCS  1951,1798-9 


Anil.innnprt'hl.nra.t.p  f',_H  M + H(~IO  nlaf#»a 

l ’ 0““7“‘  I » 
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decomp  slowly  at  180°  and  expl  at  250° 

(Ref  3)  or  275^Ref  4);  deton  on  impact,  sol 
io  w,  ale,  acet  & hot  AcOH,  insol  in  eth. 

Can  be  prepd  by  treating  aniline  with  aq 
perchloric  acid 

Refs:  l)Beil  12,117,(14l),[66]  2)M. 

Beamer  & F.W.Clarke,Ber  12,1066(1879) 
3)R.L.Datta  & N.R. Chatter) ee,JCS  115, 
1008(1919)  4)F.  Arndt  & P. Nachtwey,  Ber 

59,446(1926) 

Anilinoperchromate , C^T^HCrO,;  crysts 
similar  in  appearance  to  KMn04;  very  ex- 
plosive and  unstable;  sol  in  eth,  insol  in  w 
and  nearly  insol  io  benz  & ligroin.  Can  be 
prepd  by  treating  aniline  with  aq  perchromic 
acid,  as  described  in  Ref  2 
Refs:  l)Beil  12,117  2)O.F.  Wiede,Ber 

30,2187(1897) 

Dianilino cupric  Nitrite,  2CftH7N  + Cu(N02)2; 
green  plates,  deflagrates  on  heating  to  85° 
or  on  treatment  with  liq  ammonia  or  with  cold 
coned  sulfuric  acid;  insol  in  w,  ale  or  eth. 
Can  be  prepd  by  treating  aniline  with  the 
green  soln  obtained  when  a mixt  of  equiv 
solns  of  K nitrite  and  Cu  sulfate  is  treated 
with  ale  and  filtered(Ref  2) 

Refs:  l)Beil  12, [67]  2)H. J.S.King,  JCS 

1929, 2593 

p-N,N-Trilithioaniline,  Li . CftH4.  N(Li)2; 
bright  yel  ppt;  when  dry  expl  violently  on 
contact  with  air.  Was  prepd  by  adding  an 
ethereal  soln  of  n-butyllithium  to  p-bromanil- 
ine,  as  described  in  Ref  2 

Refs:  l)Beil-  not  found  2)H. Gilman  & 

C. G. Stuckwisch , J ACS  71,2933(1949)  & CA 
45,5127(1951) 

Saits  of  Aniline  with  Organic  Compounds: 

Aniline  fulminante  (Fr).  Diazobenzene  Nitrate 
(See  Note  under  Anilinonitrate  on  previous 
Page) 

A nilinopicrale  (A P),CeH7N  + yel 

crysts,  darkened  ca  168°,  melted  at  181°  and 
exploded  at  398°(Ref3);  d 1.558.  Canbeprepd 
by  mixing  equim  quantities  of  aniline  and 
picric  acid  in  w 

Note:  According  to  Daniel  (Ref  la),  aniline 


picrate  was  used  in  the  following  expls  pro- 
posed by  Street:  a)AP  13. 5,  K chlorate 

67.  3.  castor  oil  9 6 & starch  9 6%  b)AP 
1.8,  K chlorate  80.0,  MNB  9.1  & castor  oil 
9.1% 

Refs:  l)Beil  12,120,(143),  [72]  la) 

Daniel(1902),742  2)O.Silberrad  & G.Rotter 
JCS  89,  169(1906)  3)R.L.Datta  & N.R. 
Chatterjee,  JCS  U5,  1008(1919)  4)T.Cu~ius 
& A.Bertho,  Ber 59,  583(1926) 
Anilinotelranitrobenzene,  C6H7N  +C6H2N4Os, 
red  ndls,  very  unstable(Beil  12,115) 
Anilinotrinitrobenzene,  C^H^N  + C6HjNj06; 
red  ndls,  mp  123-4°;  can  be  prepd  by  mixing 
equim  quantities  of  aniline  and  1,3,5-TNB 
in  ale 

Refs:  l)Beil  12,115  2)P.Hepp,Ann215, 

356-8(1882) 

Anilinotrinitrotoluene , C6H7N  + C7H5  Ns06; 
red  crysts,  mp  83-4°,  can  be  prepd  by  mixing 
equim  quantities  of  aniline  and  2,4,6-TNT 
in  ale 

Refs:  l)Beil  12, 11 5, [71]  2)P.Hepp,Ann 

215,365(1882)  3)C.A.Taylor  & W.H.Rinken- 
back.JACS  45,54(1923) 

Hitrated  Derivatives  of  Aniline 

Mononitroanilines>  C6H6N202,  mw  138.12,  N 
20.28%,  OB  to  C02  -150.6%.  If  the  substitu- 
tion takes  place  in  the  ring,  02N . C6H4 . NH2, 
the  compd  may  be  called  nitroaniline,  mono- 
nitroaniline  or  nitroaminobenzene . If  the 
substitution  takes  place  in  the  -NH2  group, 
the  compd  may  be  called  nitraniline , N-nitro- 
aniline  or  phenylnitramine.  In  order  to  avoid 
confusion  the  last  group  of  nitrated  anilines 
is  described  under  phenylamine 

Mononitroanilines  or  Nitroanilines,  OaN.  C6- 
H4.NHj,  exist  in  three  isomeric  forms: 
orcho-,  meta-,  and  para-.  They  are  com- 
mercially available  and  extensively  used  in 
industry.  None  of  these  isomers  can  be  ob- 
tained in  good  yield  by  direct  nitration  of 
aniline  and  it  is  necessary  to  employ  in- 
direct methods  such  as  the  Holleman  method 
of  acetylation  of  aniline  to  acetanilide 
followed  by  nitration(Ref  2)  or  by  ammonolysis 
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of  chloronitrobenzenes,  similar  to  the  am- 
mo no  lysis  of  chlorobenzene  described  in 
Refs  4 and  10,  listed  above  under  Aniline 

o-(or  2-Mononttroamiine(o-MNA);  yel- orange 
rhmb  crysts,  mp  71-5°,  bp  284.1°,  d 1.442  at 
15°,  Q£  765.9  kcal/mol(Ref  3);  for  vap  press 
at  various  temps  see  Ref  8.  Other  props  and 
prepn  are  given  in  Refs  1,7,7a  & 9 


m-(or  3- )Mononitroaniiine( m-MNAh  yei , rhmb 
crysts,  mp  114°,  bp  306  4°,  d 1 43,  QPC  766.3 
kcal/mol(Ref  3)  & 754.  l<Ref  6),  Of  16  kc*l/ 
mol;  for  vap  press  at  various  temps  see 
Ref  8.  Other  props  and  prepn  are  given  in 
Refs  1,4,7  & 9 

p.for  4‘)Mononitroaniline(p-MNA );  yel,  monocl 
ndls,  mp  146.7°,  bp  331-7°,  d 1.437  at  14°, 

Q§  760.2  kcal/mol(Ref  3);  for  vap  press  at 

_ o n.l 1 
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prepn  are  given  in  Refs  1,  4a, 5,7  & 9 
Mononitroanilines  serve  for  the  prepn  of 
higher  nitrated  derivs,  some  of  which  are 
used  in  the  exp  Is  industry 


Note:  According  to  Daniel  (Ref  la),  com- 


mercial mononitroanoline  was  used  in  the 
following  eipis  proposed  by  Street:  a)MNA 


13. 5,  K chlorate  69.4,  azobenzene  14-3  & 
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79.1,  MNB  11,0, CC  1.1  & castor  oil  1.1% 
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(339)  & [367]  (o-MNA);  Ibid  698,(345)  & [3741 
(m-MNA);  Ibid  711.(349)  & [383l(p-MNA) 
la)Daniel(  1902), 742  2)A.F.Holleman  ec  al, 

Ber  44,704  ff(1911)  3)F.Swarts,  Rec  33, 
281-98(1914)  4)Mar shall  1(1917),  273 
4a)R.Robertson,JCS  119,18(1921)  5)Org- 


r/1  A i\< 


1/inm  nftft  r\ 


oyoui  ColiVuI  300-y 


6)W.H.Rinkenbach,JACS  52,  116(1930)  7) 

Pepin  Lehalleur(1935).  260  . 7a)Kirk  & Othmer 
1(1947),  921- 2 8)Jordan(  1954),  181  & 196 

9)Sax(  1957), 943-4 


N-Alkylnitroanilines,  which  contain  groups 
such  as  Me.  Et  or  iso-Pr  and  a nitro  group  in 
either  the  3 or  4 position  on  the  ring,  were 
proposed(in  quantities  of  0.5  to  5%)  as  stab- 
ilizers of  NC  in  smokeless  propellants.  A 
eutectic  mixt  of  N-ethyl-and  N-methyl-4- 


nitroaniline  was  found  to  improve  the  plasti- 
cizing qualities  of  propellants 
Ref:  J.A.Gallaghen  & I.Piocus,USP  2,696,430 
(1954)  & CA  49,5845-6(1955) 


4-Nitro-N-nitrosaniline,  (OaN)C6H4 , NHNO 
also  called  4-Nitro-phenylnitrosamine,  is 

~ J n'L l * 
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Nitro-N-nitranilines,  (OaN)C6H4.  NHN02, 

alc/\  1/ftAtirh  /1C*  A!  t t r/^  n /,  o 
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described  under  Phenylamine 
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(OjNJjCjHj.NH,,  mw  183.12,  N 22.95%,  OB 
to  C02  -91-2%.  Six  isomers  exist  of  which 
the  2,4-DNA  and  the  3,5-DNA  are  of  interest 
either  as  components  of  expl  compns  or  as 
intermediates  in  the  prepn  of  higher  nitro 
derivs 


2,3-L/iniiroanitine,  oraiige-yei  ndls,  mp  127° 
Other  props  and  prepn  are  given  in  Ref  la 


2l4-Dintfroaniline(2,4-DNA);  yel,  monocl  prisms, 
ndls  of  plates;  mp  186-8°,  explodes  when 
heated  in  a flame  at  ca  548^ (Ref  26);  d 1.615  at 
14°;  insol  in  cold  w,  v si  sol  in  hot  w,  si  sol 
in  ale;  QP  718.9  kcal/mol(Ref  4).  Ol  (average) 

L2  and  Qf 
13  & 14); 

4\  WT 
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first  prepd  in  1870  by  heating  4-chloro-l,3- 
dinitrobenzene  with  ammonia(Ref  lb).  More 
recent  methods  of  prepn  are  described  in 
Refs  6,8&12,  The  X-ray  diffraction  pattern 
is  given  in  Kef  11  and  a spectro graphic  method 
for  its  detn  in  Ref  9 

A.rwi a r*-= 

A.)  ~X  i/iUl  > |»  n TT  kl  AO 

ca  88%  TNT  as  detd  by  BalMort.  Its  expl 
props  were  investigated  by  Robertson(Ref  3), 
Rinkenbach(Ref  4)  and  by  Wohler  & Wenzel- 
berg(Ref  5).  Its  FI(figureof  in  sensitive  ness) 
is  > 120%  PA(Ref  3)  and  the  >0%  impact 
sensitivity  figure  with  a 2-kg  wt  was  reported 
as  12.8  m kg/cm*  or  112%  TNT(R.ef  5)*  Its 
thermal  stability  at  140°  is  satisfactory 

DNA  was  used  by  the  Germans  during  WW  II 
as  an  additive  to  TNT,  presumably  to  render 
the  TNT  less  brisanc  so  that  excessively 

tl  t - 1 J 1 _ j /v»  _#  / 

2»lUOil  JlfctglllCLltS  WUU1U  LKT  t; LI  111111211. CU  (l\CI  OH-jp 

Another  reason  for  use  of  DNA  was  unques- 
tionably to  stretch  the  available  supply  of  TNT 


711.5(Refs  13  & 14),  Q (ealed)  lOf 
(ealed  average)  18. 1 kcII/mol(Refs 

MH>1M  91  t 

temp  vi  tapu  (vaivu;  liiv  xv^xvci  1 
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2.5- Dinitroaniline,  oraQge-yei  crysts,  mp 
137°.  Other  props  and  prepn  are  in  Ref  lc 

2.6- Dinitroaniline,  yel  ndls,  mp  138-142°, 
or  leaflets,  mp  137°.  Other  props  and  prepa 
are  in  Ref  id 


3. 4- Dinitro aniline,  lemon-yel  ndls  (from  w), 
mp  154°,  Other  props  ana  prepn  are  iu  Ref  le 

3.5- Dinitroaniline(3,5-DNA),  yel  ndls,  mp 

158-61°,  si  sol  In  coid  w,  sol  in  hot  w,  ale 
& eth;  si  sol  in  benz(Ref  If).  Was  prepd  in 
loot  7^  frnm  1 * 5-TNB  and  bv 

AU/  *■  » «■/ — — * 

Flurscheim(Ref  2a)  who  improved  the  method. 
A synthesis  from  3,5-dinitrobenzoic  acid 
utilizing  the  Schmidt  reaction(Ref  7)  is  de- 
scribed in  Ref  10.  3,5'DNA  is  a weak  ex- 
plosive, similar  in  props  to  2,4-l>NA.  Ni- 
tration of  3,5-DNA  yields  a very  powerful 

^1 : 1 1 4 ^ K.nxmfcjnifmsmlrflf1 
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Blanksma  & Verberg  (Ref  5a)  prepd  3,5- 
DNA  and  a number  of  its  derivs,  some  of 


which  proved  to  be  explosive 
Refs(Dinitroctnilines):  la) Beil  12,  747 & 

T 2 T\vr  a\  it  \r>  „:i  10  nAn  /i/Zl  \ o. 

Ltv;j a uju  cn  ■ /*t/t  v^ui/«nvyj 

(2,4-DNA)  lc)Beil  12,  757, (365)&[413J(2, 
5-DNA)  ld)Beill2, 758,(365)&[413]  le) 

Beil  12  , 758  (3,4-DNA)  lf)Beil  12  , 759,  (366) 
&[414](3, 5-DNA)  2)R.  Bader,  Ber  24,  1654(1891) 


71  ^27nort<;^ 
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2b)R.L.Datta &N.R. Chatter jee,  J C$115, 1007 
(1919)  3)R. Robertson,  JCS 119,  18(1921)  4) 
W.H.Rinkenbach,JACS52,  116(1930)  5)L. 

Wohler  & 0.  Wenzelberg,  AngChem46,  173(1933) 


T T3l  £>,  r~  V..).! 

\j  • v i-iu, 


W oca.  i nnn 

— S'- 


& 1037-46(1934)  6)OrgSynthl5 (1935), 22  or 
CollVol 2(1943),  221  6a)Anon, 'Allied  and  Enemy 
Explosives, "Aberdeen PG,Md(1946),  90  7)H. 

Wolff  "Organic  Reactions,”  Wiley.NY,  v 3(1946), 
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BUhler,AnalesAsocQuimArgentina38,  252-4 

(1950)&CA  45,5116(1951)  9)L.S.Harrow, 
JAssocOffAgrChemists  33, 390-6(1950)&  CA 
44,  9155(1950)  10)W.C.Lothrop  et  al,  JACS 
73  35S3(iosl)  il)H.M.R.ice  & F.TSowden, 
CanJChem  30,  575-80  (1952)  & CA  47,  2567  ’ 


(1953)  12)A.L.  Beckwith  & J. Wilier,  Australian 

JSciResearch  SA,  786^9(1952)  & CA  47,  12333 
(1953)  13)L.Medard  & M.Thomas,  MP  36,  97- 
127(1954  Si  CA  50  . 3763(1956)  14)ADL  Punch 
Cards  (1954)(C)  15)Sax(1957),  628  16)Blatt, 

OSRD  2014(1944) 


2,4-Dinitro-N-nitraniline  or  N,2,4-Trinitro- 
aniline,  (OjN^CjHj  . NHNO,,  also  called 

O A J If*  I A A ***// Mil  »/*  H*  ■ n n ■** 
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under  Phenylamiae 
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i rinuroani i iha;  or  i rinixroami no- 

benzenes,  (OjNJjQHj  , NHa,  mw  228.12,  N 
24.56%.  OB  to  CO.  -56  1%.  The  following 

" / 4 P 

isomers  are  known  of  which  only  2,4,6-TNA 
is  of  importance  in  the  expl  industry 

2,3,4  Trinitroaniline(2,3,4-TNA)i  It  yel  crysts, 
mp  190°.  Can  be  prepd  by  oxidation  of  2.3,4- 
trinitrodimethylaniline  with  chromic  acid  in 
AcOH 

Refs:  l)Beil  12,  [419]  2)P.van  Romburgh 
& D.W.Wensink,PrAkadAmsterdam  17,1036 
(1915) 


2,4, 5- T rinitroaniline(2, 4, 5- T NA j;  lc  yel 

ndls,  claimed  to  be  prepd  from  3-nitroacetanil- 
ide  as  described  in  Ref  2 According  to  Ref  3 

.a j.«—  j i * a /i 
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aniline  instead  of  2,4,5‘TNA 
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Ber  41,3095(1908)  3)C.F.van  Duin  & B C.R. 
Lennep.Rec  39,148(1920) 


2,4,6-Trinltroanlline(2,4/6-TNA)  or  Plcromlde. 

a. v / — ui.i «.:M \ 

vyiaugficu  ^ wim  uiuiau  nugc;  uiuuvLi-p*1  oiu- 

crysts(from  AcOH),  mp  189*92°,  bp-  explodes; 


d 1.762  at  20°:QP  (av)  678  4 keal/raol  (Refs 
8 & 17),  Q’  (av)*680  (Refs  7,8  & 17),  Qe 
191.2(Ref  19)  and  Q^av)  21-6  kcal/mol(Refs 
12  & 17)  It  is  nearly  insol  in  w,  si  sol  in  ale 
or  eth  and  sol  in  benz,  acet,  liq  NH,  or  hot 


ethyl  ECCUIC  ( bumc  uuiuciiCdl  data  i 5 givcu 

below  under  solubility ).Apparently  was  first 
prepd  in  1854  by  Pisani  by  treating  picryl 
chloride  with  Amm  carbonate(Refs  2 & 3) 

Wict  & Witte  prepd  TNAby  nitrating  with  coned 
nitric  acid  a soln  of  aniline  in  glacial  AcOH 
(or  in  coned  HaS04)  at  about  5°,  but  the  yields 

~ I J ~ Ur 
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nitrating  mono-  or  dinitro-  anilines  (Ref  14). 
Other  methods  of  prepn  are  described  in  Refs 
13  & 15-  Sancho(Ref  12a)  described  prepn  of 
TNA,  called  in  Span  "picramina,”  at  the 
F&brica  de  Granada.  Oglobin  and  Markina 
(Ref  20)  described  the  separation  of  2,4,6-TNA 
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from  its  rnixts  with  mono-  and  dinitroani- 
lines.  Lothrop  et  al(Ref  18)  detnd  infrared 
spectra  of  2,4-TNA.  Toxicity  is  given  in 
Ref  21 

Following  are  some  expl  props  of  2,4,6-TNA: 
Brisance— no  data  found  in  open  literature 

Detonation  Rate— by  the  Dautriche  method, 
for  compressed  TNA  in  cardboard  cartridges 
30  mm  diam  and  3 mm  thick:  at  d 1.5  7000m/ 
sec  for  TNA  vs  7300  for  PA  and  at  d 1.7 
7600  vs  8200  for  PA  (Ref  16) 

FI— see  under  Impact  Sensitivity 
Gap  Test  Fo/ue(Coefficient  de  self-excita- 
tion, in  Fr).  A paper  cartridge  30  mm  diam  & 
78.5  mm  long  contg  50g  TNA(d  ca  0.85)  and 
initiated  by  2g  of  MF  caused  the  deton  of 
another  cartridge  placed  at  a distance  of 
7.5cm  (PA  gave  13cm  and  TNAns  6. 5cm  in 
the  same  test) 

Hygroscopicity - considerably  higher  than  for 
TNT(Ref  16) 

Impact  Sensitivity.  FI(figure  of  insensitive- 
ness) 111/5  PA(Ref  6);  impact  work  for  50/5 
expln  with  2kg  wt  is  10.4  kg  m/cma(Ref  11); 
impact  sensitivity  by  the  French  method  with 
10kg  wt  for  50%  point  36cm  vs  17cm  for  PA 
(Ref  16).  Blatt(Ref  22) gives  FI  = 122%  PA 

Initiation  Sens^/it;i^y(Sensibilite,  a 1 'amorce, 
in  Fr).  A 50  g sample  loaded  at  d 0.85  in  a 
Kraft  paper  cartridge,  30mra  in  diam,  re- 
quired ca  lg  MF  for  complete  deton(Ref  16) 

Power.  The  pressure  bomb  method  gave  ca 
110%TNT(Ref  14,  p 132),  while  the  Trauzl 
test,Fr  modif,gave  a value(calied  CUP) equal 
to  92%PA(Ref  16).  Blatt(Ref  22)  gives  Trauzl 
test  value  98%  TNT 

Sensitivity  to  Impact.  See  Impact  Sensitivity 
Sensitivity  to  Initiators.  See  Initiation  Sen- 
sitivity 

Solubility.  Desvergnes(Ref  10)  gives  solys 
in  g per  100  g in  the  following  solvents: 
water  0106  at  19  5°,  0.120  at  50°  A 0 123 
at  lOO1^  ethyl  acetate  1.898  at  19  5°;  ace‘ 
tone  4 798  at  19' 5°;  96%  alcohol  0.120  at 
19  5°;abs  ale  0.127  at  19  5°;  methanol 
0.245  at  19.5°;  benzene  0.907  at  19.5°; 


chloroform  0 322  at  17°;  ether  0-121  at  17°; 
pyridine  13  64  at  17°,  CS,  0 013  at  17  5°; 

CC14  0 003  at  17  5°  and  toluene  0 108  at 
21.5° 

Stability.  According  to  Daniel(Ref  2a)  stab- 
ility of  TNA  is  satisfactory  and  according  to 
Robertson(Ref  6,p  13),  the  vacuum  stability 
test  at  140°  gave  values  comparable  to  TNT 

Temperature  of  Explosion  is,  according  to 
Burlot  & Tavernier(Ref  16, p 122),  ca  3700°C 

Uses.  According  to  Daniel(Ref  2a)  one  of  the 
first  patents  on  the  use  of  TNA  in  expls  was 
issued  to  the  Chemische  Fabrik  Griesheim 
as  well  as  to  Pierre  & Pottgiesser.  TNA  has 
advantages  over  PA  because  it  is  nearly  insol 
in  w and  it  is  not  acidic.  MarshalI(Ref  4a) 
and  Colver(Ref  5a)  stated  that  although  TNA 
is  a powerful  expl  it  has  not  been  widely  used. 
This  probably  because  other  HE’s  such  as 
TNT,  are  more  available  and  cheaper  to  pro- 
duce. Sancho  (Ref  12a)stated  that  TNA  was 
used  in  mixts  with  TNT  for  cast  loading  some 
projectiles.  Deri  vs  of  aniline  are  in  great 
demand  in  industry  other  than  as  expls 

Refs  ( Trinitroaniline ):  l)Beil  12,763,(368) 

8 [421]  2)F.Pisani,CR  39,853(1854)  2a) 

Daniel(1902),475  3)J*Meisenheimer  & E. 
Patzig,Ber  39,2534(1906)  4)0. Witt  & E.  Witte, 
Ber  41,3091(1908)  4a)Marshall  1(1917), 

273  5)C. F.van  Duin,  Rec  37,111(1917) 

5a)CoIver(1918),  364  6)R. Robertson, JCS 

119,13  & 18(1921)  7)Land-Bornst,  Eg  3,T1 
3(1923),  291  8)W.H  RinkenbachJACS  52, 

116(1930)  9)A.Holleman,Rec  49,112-20(1930) 
& CA  24,2440(1930)  10)L.Desvergnes,  Rev- 
Chimlnd  44,34-7(1931)  & CA  25,2980(1931) 
10a)Vennin,  Burlot  & Lecorche' (1932), 461 
11)L. Wohler  & O.Wenzelberg,AngChem  46, 
173(1933)  12)A. Schmidt,  SS  29,262(1934) 

12a)E.Sancho"Quimica  de  los Explosives,71 
Aguado,Madrid(1941),  164*5  13)E.Macciotta, 
Gazz  71,81-94(1941)  & CA  36,1593-4(1942) 
14)Davis(1943)  132,137  & 173  15)E.T. 

Spenser  & G.F. Wright, CanJRes  24E^204-7 
(1946)  & CA  41,723(1947)  15a)Kirk  & 

Othmer  1(1947), p 922  l6)E.Buriot  & P. 
Tavernier, MP  31,121-9(1 949)  & CA  46,11685 


(1952)  17)L.Medard  & M.Thomas.MP  31, 
173*96(1949)  & CA  46.11684(1952)  18)W. 

C.Lothrop  et  al,  JACS  73,3583-4(1951)  19) 

ADL  Punch  Cards(1954)(C),  Compd  No  270 
20)K.A.Ogloblin  & G.V.  Markin  a,  ZhObshKhim 
26,93-101(1956);  CA  50,9235  & 15347(1956) 
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22)Blate,  OSRD  2014(1944)  23)Vivas,  Feigen- 
span  & Ladr  eda  2 (1946)  (Trinilina  — as  re- 
placement for  PA) 


2,4,6-Trinitroanitine  Nitrate,  (OaN)3C6Ha*“ 

NHa . HNOj,  mw  389.12,  N 24.23%,  OB  to  C02 
“30.5%.  Crysts  (from  ale),  which  defl  on  heat- 

A ITJ/ws  kif  -r*  <4/4  inn  O /*^i  1 lari  mi  Tf  f\( 
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p-nitroaniline  with  fuming  nitric  acid  to 
chilled  oleum  and  allowing  to  stand  until 
crysts  are  formed 


Refs:  l)Beil— not  found  2)E.Macciotta  & 
Zaira  Orani,Gazz  60,408-14(1930)  & CA  24, 
4280(1930) 
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T e Irani tro aniline,  (aN)3C8Ha . NHNOa,  is  de- 
scribed as  2.4.6-Trinitro-phenylnitramine 
under  Phenylamine 


T etronl  troan 1 1 ine s( T eN  A).  (O.NJ.QH . NH.. 
mw  273.12,  N 25.64%,  OB  to  COa  -32.2%. 

The  following  two  isomers  are  theoretically 
possible,  of  which  only  the  2,3,4,6-TeNA 
is  of  interest  to  the  expl  industry 
2,3, 4,  5-  T etrmitroaniiine(2,3, 4, 5-  T eN  A )— 
not  found  in  Beil  or  in  CA  through  1956 

2l3,4,6-7etranitroaniiine(TeNA)(Chishoki  - 
anin  in  Jap).  Golden-yel  crysts  (from  acet), 

mn  nnffc  rtff  flf  797®1  Af  mi 
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1.867;  654,3  kcal/mol(av  values  of  Refs 

22,27  & 33),  Q£  653  keal/mol  (Ref  27),  Q_ 
265.1  and  Qf  14.0  kcal/mol(Ref  45).  It  is' 
a neutral  compd.  Solys  of  TeNA  in  various 
solvents  were  reported  in  Refs  4,16  & 21. 
Ref  21  gives  solys  of  TeNA  at  RT  in  g 

n^r  inn  o rtf  f-h#»  frttl  nun  n o I i miirlc*  nrn f^r 
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0.07,  acetone  7.50,  benzene  0.13,  CSa  0.0056 
CCl4  0.0036,  ethanol  0.34,  ether  0.81, meth- 
anol 0.45  and  toluene  0.188.  TeNA  is  also 
sol  in  ethyleneglycol(Ref  37) 
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is  very  low  (gain  in  wt  0.1%  for  a sample 


exposed  for  48  hrs  in  highly  humid  atm  at 
32^  and  noticeably  higher  for  commercial 
products(Refs  4,16  & 19) 

Behavior  toward  metals:  TeNA,  whether 
wet  or  dry,  did  not  attack  steel,  iron,  tin, 
copper,  brass,  lead,  aluminum  or  zinc  in  14 
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attack  inorganic  nitrates  in  storage(Ref  l6,p 
99  T) 

No  change  in  color  or  props  was  observed 
after  exposure  to  light  at  RT  for  periods  as 
iong  as  17  yearsfRef  lb,p  I02T).  Crystallo- 
graphic data  are  given  in  Ref  44  and  infrared 
absolution  soectra  values  in  Ref  43.  Accord- 
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ing  to  Ref  16, p 103T,  TeNA  is  non  toxic, 
while  according  to  Ref  46,  it  is  highly  toxic 
Additional  info  on  chem  and  phys  props  of 
TeNA  can  be  found  in  Refs  4,7,9,11,16,17, 
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According  to  Fliirscheim  (Ref  16  p 97T), 
TeNA  was  discovered  in  1904,  but  he  does 
not  indicate  where  this  discovery  was  de- 
scribed. The  first  patent  on  prepn  and  uses 
of  TeNA  was  granted  in  1910  to  Fliirscheim 
(Ref  2).  He  prepd  TeNA  by  one- stage  nitra- 
tion of  m-nitroaniline  as  described  in  Refs  2,3, 
4&  5.  Essentially,  the  same  method  was  used 
recently  by  Lothrop(Ref  43)  and  by  van  Duin 
(Ref  10).  Later,  Stettbacher(Ref  31)  described 
a method  of  prepn  starting  with  anilioe.  Van 
Duin  & Lennep(Ref  12)  prepd  TeNA  starting 
with  3*acetanilide.  Purification  of  TeNA  can 
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aq  soln  of  acetone  at  a temp  not  over  JO^Ref 
34),  or  by  crysto  from  ethyleneglycol  (Ref 
37) 

Good  descriptions  of  prepn  and  props  of 
TeNA  are  given  by  Coiver(Ref  11a)  and  by 
Fliirscheim(Ref  16) 

Explosive  Properties  of  TeNA: 

Brisance.  According  to  Stettbacher(Ref  16) 
and  some  other  investigators  (Refs  6 & 7), 
TeNA  is  more  brisant  than  tetryl,  while 
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by  the  sand  test,  as  only  102%  that  of  TNT, 
According  to  Fliirscheim(Ref  l6,p  105T),  the 
brisance,  as  deend  by  the  steel  plate  test 


A4I2 


and  by  the  fragmentation  test,  is  much  greater 
than  that  of  TNT 


Detonation  Rate.  According  to  Flurscheim 
(Ref  16,  p KMT),  the  velocity  of  deton  is 
"great”  and  exceeds  that  of  tetryl  and  NG, 
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value  given  in  Blatt  (Ref  41a)  is  7630  m/ sec 
at  d 1,6 

Detonation  Temperature.  See  Explosion  Tem- 
perature 


Explosion  Temperature.  According  to  Ref  4, 
p 186,  a O.lg  sample  of  TeNA  in  a test  tube 
deflagrated  at  220°  when  heated  in  an  oil 
bath.  In  Ref  12,  the  expln  temp  is  given  as 
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and  247°  when  heated  at  the  rate  of  20°/min, 
According  to  Ref  21,  there  is  a violent  com- 
bustion at  225° 
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10.55  1 at  3238°C  vs  6.7 6 at  2217°  for  TNT 
(Ref  l6,p  103T) 


Impact  Sensitivity.  According  to  Flurscheim 
(Ref  16, p 102T).  TeNA  is  si  less  sensitive 
than  tetryl  and  si  more  sensitive  than  PA. 
This  agrees  with  tests  conducted  by  Robert- 
son(Ref  18,p  18),  who  gives  for  FI(Figure 
of  Insensitiveness)  86%PA  for  TeNA,  70% 
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values  given  in  Ref  12  are  54-55cro  fall  for 
TeNA  vs  51"53cm  for  tetryl,  when  using  the 
Kast  app  and  a 2kg  hammer(See  also  Ref  41a) 


Initiation  Sensitivity.  According  to  Ref  32, 
p 667,  for  0.5g  TeNA  compressed  at  3400 
psi  in  a No  8 cap  with  reinforcing  cup,  the 
min  wt  of  initiator  reqd  was  0.175g  MF  or 
0.05g  LA.  According  to  Ref  16,  p 105T  a 
iOGg  cartridge  of  TeNA  re  quires  cs.  G.5g 
MF  for  complete  deton  (See  also  Ref  41a) 
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value  of  Refs  5,7,16  & 31)  b)by  BalMort 
121%  TNT  (av  value  of  Refs  13  & 15) 
c)by  BalPend  l46%TNT(Ref  16, p 104T)  and 
155%TNT,  as  ealed  by  Waller  using  the 
formula  of  Mallard  & LeChatellier(Ref  16, 
p 104T)  (See  also  Refs  41a  and  41b) 


Note:  Although  some  of  these  data  show 
higher  values  for  TeNA  than  for  tetryl,  the 
Manometric  Bomb(Druckmesser)  Test  of 
Bichei  gives  values  lower  than  for  tetryl 
(Ref  16, p 104T) 
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Flurscheim(Ref  16, pp  97T-99T),  a sample  of 
dry  TeNA,  produced  on  an  industrial  scale 
and  without  any  purification  other  than  wash- 
ing with  water,  proved  to  posses  satisfactory 
stability  for  use  in  military  and  commercial 
explosives.  The  following  tests  were  used: 

Test  at  65. 5 6- satis  factory  b)  Vacuum 

Stability  Test  at  100°  for  the  commercial 
product  predried  18  hrs  at  30-40°— loss  of  wc 
0.034  cc/g  per  hr  in  the  first  16  hr  period,  0.020 
in  17to  32  hr  period  and  0.015  in  33  to  48hrperiod 
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d)British  Storage  Test  at  90°F(32°C)— satis- 
factory e)Intemational  Test  at  75°-satis- 
factory  f)French  Litmus  Test  -neutral 
litmus  paper  was  n ot  reddened  in  5 days  at 
R'T  g)French  Railway  Test-neutral  iitmus 
paper  was  not  reddened  by  lOOcc  of  w with 
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at  15°  h)Refs  12  & 36  state  that  TeNA 
starts  to  evolve  nitrous  acid  fumes  after  18 
hrs  at  70°  i)Ref  12  stated  that  the  vacuum 
stability  test  at  120°  was  1,39  cc/g  gas 
evolved  in  30  hrs  for  a sample  after  about 
10  months  storage  j)Hinschelwood  & Bowen 
(Ref  14)  reported  that  TeNA  in  small  cry st s 
required  about  350  hrs  at  120°  for  complete 
decompn,  while  at  140°  the  time  was  reduced 
to  70  hrs.  The  vel  of  decompn  increased 
steadily  throughout,  falling  sharply  near  the 
cud  of  the  reaction  (See*  also  Ref  4ia) 

Stability  in  Presence  of  Moisture  is  unsatis- 
factory(Refs  6,7, 19, 28  & 38).  According  to 
Cameiro(Ref  38)  this  poor  stability  is  due 
to  the  presence  of  an  NOa  group  in  the  3rd 
position  of  the  aniline  ring.  This  labile  group 
allows  moisture  to  slowly  hydrolize  it  with 
the  formation  of  HN05  and  3-hydroxy-2,4,6 
TNA.  This  phenolic  compd  attacks  metals 
similarly  to  PA.  Bradley  (Ref  7),  reported 
that  this  instability  can  be  remedied  by 
coating  the  crysts  of  TeNA  with  a small 


of  TeNA  with  a small  amt  (about  5 %)  of  par- 
affin (see  also  Refs  41c  & 43a) 

Strength.  See  Power 

Temperature  of  Explosion  Two  caicd  values 
are  given  in  Ref  16, p 103T:  3238°  & 3500° 

vs  1177°  At  ^37f)°  fnr  t*trv\  an^  7717°  frtr 
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11a  & 16),  TeNA  is  suitable  as  a substitute 
for  tetryl  in  composite  detonators  and  deto- 
nating cord  as  well  as  a filler  for  projectiles, 
bombs,  mines  and  torpedoes.  It  is  also  suit- 
able as  a component  of  HE  compositions, 
where  it  serves  to  sensitize  cheaper  in  sen- 
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naphthalenes  and  AN,  Formulations  of  some 
mists  contg  TeNA  are  given  below.  As  a 
military  explosive  it  was  used  to  some  extent 
by  the  Germans  during  WW  II  as  a “substitute*’ 
explosive  (Ersatzsprengstoff)  in  order  to 
conserve  TNT  and  other  scarce  nitroaromatic 
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extent,  even  in  peace  time,  if  it  were  more 
stable  in  the  presence  of  moisturefRef  47) 

(see  above  under  Stability  in  Presence  of 
Moisture),  TeNA  was  called  Chishoki-anin 
in  Japan  but  there  is  no  info  whether  or  not 
it  was  used  there  for  military  purposes. 
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use  of  TeNA  for  coating  grains  of  some  NC 

propellants.  According  to  Ref  26a,  TeNA  was 
used  in  Russia  as  a booster.  It  was  manufd 
in  US  by  Aetna  Expl  Co  and  by  Verona  Chem 
Co 

RefsfTetranitroaniline):  l)BeiI  12,  763(foot- 

note),(372)  & [427]  2)B.Fliirscheim,  BritP 
3224 & 3907  (1910),  USP  1,045,011  & 1,045,- 
012;  CA  7,  258(1913)  3)B. FI iir scheim  & T. 
Simon, FrocCnemSoc  26,69(1910)  Si  CA  5,  863 
(19H)  4)B.Flurscheim,SS  8,  185-8(1913)  5) 
B.Flurscheim,GerP  243.079&SS  9,  195(1914) 
6)B. Fliirscheim,  CA  9,  1391(1915)  7)W. 
Bradley,  ProcUSNavallnst  42,  533-41(1916) 
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BurMinesTechPaper  125,  59(1916)  9)A.  Stett- 
bacher.SSll,  114(1916)  10)C.van  Duin,Rec 
37,111(1917)  ll)Marshalll  (1917),  169  lla)Col- 
ver(  1918),  371-80  12)C.vanDuin&B.van  Lennep, 


Rec  39,146  & 165-177(1920)  13)A.MarshalI, 

I EC  12,336(1920)  1 4)C-N.Hinshel  wood  & 

E.  J-Bowen.PhilMag  40,573  & 578(1920) 
15)W.C.Cope,IEC  12,870(1920)  16)B.Fltir- 
scheim, JCSI  40,97T-107T(1921)  & CA  15, 

2548  (1921)  17)A. Stettbacher, SS  16,137-8 
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(1921)  19)L.G.Marsh,ChemMetEngrg  27, 

1261-2(1922)  & CA  17.469(1923)  20)C,W. 

Davis  & T.C. James, Aberystwyth  Studies  4, 
213-6(1922)  & CA  17,3487(1923)  21)C.A. 

Taylor  & W.H.Rinkenbach  ,JACS  45,1218-20 
(1923)  22)Land-Bomst,Eg  IU,T1  3(1923), 
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& CA  19,2133(1925)  24)C.A. Taylor  & Wm. 

H.Rinkenbach,BurMinRI  No  25 13(1923)  25)C.A. 
Taylor  &Wm.H.Rinkenbach,AiOrdn  5,464(1924)  26) 
L.Desvergnes,MonSci  14, 12 1(1924)&CA  18,2810 
(1924)  26a)VanGelder&Schlatta(  1927), 953  27)Wm. 
H.Rinkenbach, J ACS  52,116(1930)  28)W.T. 
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4933(1920)  29)A.S.O(Neil  & A.G.Schuricht, 
USP  1,849,355(1932)  & CA  26,2867(1932) 

30) Vennin,Burlot  & Le'corche(1932),p  46l 

31) Stettbacher(1933),291  & 363  32)L.R.V. 

Clark, 1EC  25,666-7  & 1385-90(1933)  33)L. 

Wohler  & O.Wenzelberg,AngChem  46, 173 

ncua1)  %A\r  w na^;*  ranD  aao  s7n/toa/{\ 

& CA  28,2727(1934)  35)A.Schmidt,SS  29, 
262(1934)  36)Pepin  Lehalleur  (1935), 
p 261  37)W.  A. Smith, USP  2,024,396(1936) 

& CA  30,1233(1936)  38)A.Carneiro,Rev 
BrasiiQuim(Sao  Pauio)13, 287-6(1942)  & CA 
37,261(1943)  39)Davis  (1943), p 173  40) 

TiKatsurai  Sc  Si  Yarnaguchi,BuliInstPhysOh.em 
Res(Tokyo)  22,750-1(1943)  & CA  42,370(1948) 
41)Thorpe  4(  1949),  p 487  41a)A.H.Blatt,OSRD 
Rept  2014(1944)  41b)Vivas,Feigenspan  & 
Ladreda  2(1946)(Tetralina)  41c)Giua,Dizion- 
ario  v2(1949),  151  42)E.Buriot  & P. Tavern- 
ier, MP  31,  121-9(1949)  & CA  46,  11685(1952) 
43)W^C.Lothrop  et  al,  JACS  73  , 3583-4(1951) 
43a)BeIgrano(1952),141  44)W.C.McCrone, 
AnalChem  25,  1774-5(1953)  45)ADL  Punch 
Cards,  Compd  No  233  46)Sax(1957),  p 1170 
47)Dr  Hans  Walter,  PicArsn;  private  communi- 
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Tetranitroaniline  Explosives.  Flurscheim 
(Ref  1)  proposed  the  following  expl  corapns 
contg  TeNA:  a)Molten  mixt  of  TeNA/DNB 

(1:2)  6 & AN  94%;  Trauzl  test  265 cc  vs  254 
for  TNT  or  430  for  TeNA  b)Molten  mixt  of 
TeNA/MNN/DNN(5:3:7)4.5  & AN  94.5%;  Trauzl 
test  220cc  c)Molten  mixt  of  TeNA/DNN 
(1:2)  4 & AN  96%;  Trauzl  test  205cc  d) 

Molten  mixt  of  TeNA/DNB(l:2)  20  & AN  80%; 
Trauzl  test  360cc  e)Molten  mixt  TeNA/DNB 
(1:2.5)  12  & AN  88%;  Trauzl  test  500cc  f) 
TeNA  35  & AN  65%  and  g)TeNA  50,  K ni- 
trate 10  & Ba  nitrate  40%.  Bradley  (Ref  2) 
proposed  the  mixt  TeNA  95  & paraffin  5% 
for  use  as  burster  chges  in  shells,  bombs  & 
mines  and  as  a booster  charge.  Colver(Ref 
3)  lists  the  following  TeNA  blasting  expls: 
a)TeNA  13,  AN  81  & charcoal  6%  and  b) 

Mixt  TeNA/DNB(23:77)  7,  AN  87  & charcoal 
6%.  Fliirscheim(Ref  4)  patented  expl  compns 
prepd  by  heating  pulverized  mixts  of  TeNA 
60  to  95%  with  TNT  (or  other  low  melting 
nitro-compd)  40  to  5%  in  such  a manner  that 
the  TNT  melts  and  permeates  the  TeNA  crysts, 
thus  rendering  them  waterproof.  Oxidizers, 
such  as  inorganic  nitrates,  may  also  be  in- 
corporated 

Refs:  l)B.Flurscheim,SS  8,  187-8(1913) 

2)W.Bradley,ProcUSNavalInst  42,  533-41 
(1916)  & CA  10,  1596(1916)  3)Colver  (1918), 
pp  328-9  4)B.  J. Flurscheim, BritP  226, 913 
(1923)  & CA  19,2133(1925) 

2,3,4,5,6-Pentanitroaniiine(PNA), 

(OjN)j  C6NHj,  mw  318.12,  N 26.42%,  OB  to 
C02  -15.1%.  Golden-yel  prisms,  mp  196-8° 
(dec)(Ref  7),  <£  (H20  liq)  686.8  kcal/mol 
(2159  cal/g)(Ref  4).  When  dropped  into  a red- 
hot  crucible,  a few  centigrams  at  a time,  PNA 
flashes  without  deton.  It  is  insol  in  w,  sol  in 
acet  (-25g  in  lOOcc  at  20°),  AcOH  (“10g  in 
lOOcc  at  20°),  benz  (-5g  in  lOOcc  at  20°)  and 
si  sol  in  cone  H2S04  (-2g  in  lOOcc  at  20°)(Ref  3) 

In  most  respects  the  chemical  and  physical 
props  of  PNA  are  similar  to  those  of  TeNA. 

The  3-and  5-NOa  groups  of  PNA  are  react- 
ive and  may  be  easily  hydrolyzed.  In  the 
100°  Heat  Test  (Ref  5)  PNA  lost  1.58%  in 


the  1st  48  hrs,  5.90%  in  the  2nd  48  hrs  and 
did  not  explode  in  100  hrs 

PNA  was  prepd  for  the  first  time  in  an 
impure  state  in  1910  by  Flurscheim  and  Simon 
(Ref  .2).  In  1928  Flurscheim  and  Holmes  (Ref 
4)  prepd  PNA  in  a pure  state(mp  192°)  by 
nitration  of  3,5-dinitroaniline  using  100% 

H2S04  and  coned  HNOj  at  75°  for  3 hours. 

The  structure  assigned  from  chemical  evidence 
was  confirmed  by  infrared  spectra  data  (Ref 
7) 

PNA  is  a powerful  and  brisant  expl,  being 
comparable  to  RDX  or  PETN.  Its  sensitivity 
to  impact  is  between  values  for  PETN  and 
LA,  which  would  make  this  expl  unsuitable 
for  use  as  a filler  for  projectiles.  It  could 
be  used,  however,  as  an  initiating  expl.  Some 
numerical  data  for  its  power  and  sensitivity 
are  given  in  Ref  9,  such  as  Trauzl  Test  value 
164%  PA  and  Fl(figure  of  insensitiveness) 

36%  PA 

Not-e:  The  toxicity  of  PNA  is  not  discussed 
in  Sax(Ref  8)  but  it  is  logical  to  assume  that 
toxic  effects  of  PNA  are  similar  to  those  of 
TeNA(Ref  8,p  1170) 

Refs:  l)Beil  12,[428]  2)B. Flurscheim  & 

T. Simon,  PrChSoc  26,  81(1911)  & CA  5,  865 
(1911)  3)B. Flurscheim  & E. Holmes,  JCS 

1928,  3041  & CA  23,  823(1929)  4)Detd  at 
PicArsn  by  Mrs.  L.E. Neuman,  PACLR  124,- 
138(1948)  5)Detd  at  PicArsn  by  B.Kanouse, 
PACLR  124,345(1948)  6)P.Karrer(1950),  p 
465  7)W.C.Lothrop  et  al,  JACS  73,  3583-4 
(195D  & CA  46,  6093(1952)  8)Sax(1957), 

p 987(PNA  is  not  listed),  p 1170(TeNA)  9) 
A.H.Blatt,  OSRD  Rept  2014(1944)  10)L. 

Pauling,  OSRD  Rept  5953(1945)  (Absorption 
spectra  of  nitrated  anilines) 


ANILINE  AND  DERIVATIVE^ 
ANALYTICAL  PROCEDURES 

Aniline  intended  for  US  military  use  must 
comply  with  the  requirements  of  Specifica- 
tion MIL— A— 10450A(Ref  12)  which  pre- 
scribes the  following  tests: 

A)Aniline  Content(minim  99.5%)  is  detd 
volume  trically  by  the  potassium  bromate- 
bromide  method  based  on  the  following  re- 
action: 

C6HSNH2  +KBrOj  + 5KBr+6HCl-» 

C6H2  BrsNH2  +6KCl+3H2  0+3HBr 
The  original  bromination  method  was  de- 
scribed in  1876  by  Koppeschaar(Ref  1) 

a)  Preparation  and  Standardization  of  0.2N 
KBrOi~K.Br  Solution.  Dissolve  in  distd  w 
contained  in  1 1 volumetric  flask,  5-56  g 
of  KBrOj  and  30  g of  KBr  and  make  up  to 
the  mark.  Standardize  this  soln  against 
purified  anilinefprepd  by  distn  of  commer- 
cial aniline  as  described  on  p 2 of  Spec 
MIL— A— 10450A)  as  follows: 

Weigh  to  0.1  mg  2.5  to  3 g of  the  purified 
aniline,  transfer  to  a 1 1 volumetric  flask 
contg  900  ml  distd  w and  50  ml  coned  HCl. 
Fill  the  flask  to  the  mark  and  shake  it  un- 
til the  so  In  is  uniform.  Transfer  a 100  ml 
aliquot  to  a 400  ml  beaker,  add  10  ml  coned 
HCl  and  cool  the  soln  to  15°.  Titrate  slowly 
with  the  0.2 N KBrOj-KBr  soln.  Near  the 
end  of  titration,  test,  after  the  addition  of 
each  drop  of  the  soln,  by  spotting  Kl-starch 
test  paper.  The  end  point  is  indicated  by 
the  It  blue  coloration  which  can  be  dupli- 
cated after  a 2-rnin  period.  When  the  end 
point  is  reached,  an  addnl  drop  of  the 
KBrOj~KBr  soln  will  color  the  mixt  yel, 
thereby  corroborating  the  end  point  indi- 
cated by  the  test  paper.  Calculate  the 
normality  of  KBrOs“KBr  by  the  following 
formula: 

^ _ Grams  aniline  in  aliquot 

(ml  KBrOj-KBr  soln)  x 0.01552 

b) Procedure.  Conduct  the  test  in  exactly  the 
same  manner  as  for  standardization  and 
calculate  percentage  of  aniline  by  the  fol- 
lowing formula: 


% Aniline  = (mI  KBrOs~KBr  soln)xflxl.552 

Wt  * * 

N - normality  of  KBrOj-KBr  soln  and  Wt  = 
weight  of  sample  in  aliquot 

B)Nitrobenzene(NB)  Content(max  0.2%)  is 
detd  by  titrating  the  steam  distd  NB  with 
std  titanous  chloride,  based  on  the  following 
reaction: 

CeH,  N02  +6TiCI,+6HCl^ 

C6HsNH,  +6TiCl4+2H2  O 

a) Apparatus  used  in  the  standardization  and 
test  is  shown  in  the  fig  on  the  following 
page 

b) Prep oration  of  Methylene  Blue  indicator 
(MBI).  Weigh  into  a 500  ml  Erlen  flask  0.5  g 
of  MB  dye,  especially  prepd  for  oxidation 
and  reduction  reactions.  Dissolve  it  in  50  ml 
dist  w and  50  ml  of  25%  sodium  tartrate  soln 
(Na2C4H406-2H2  0)-  Heat  to  boiling  in  an 
atm  of  COj  and  add  dropwise  the  TiCl3  soln 
to  disappearance  of  blue  color.  Filter  rapidly, 
dil  to  500  ml  and  store  in  a tightly  stoppered 
bottle.  If  the  blue  color  reappears  due  to 
oxidation,  discolor  the  soln  before  using  by 
adding  a few  drops  of  TiClj  soln 

c) Preparation  of  0.05N  Ferric  Ammonium 
Sulfate  Solution.  Weigh  into  a large  beaker 
24.1  g of  Fe(NH4)(S04)2 -12H2  O for  each  liter 
of  std  soln  desired.  Dissolve  in  a mixt  of 

50  ml  40%  sulfuric  acid(by  wt)  and  50  ml 
distd  w and  filter  into  1 1 vol  flask.  Dil  to 
the  mark  with  distd  w and  thoroughly  mix. 
Store  it  in  the  stock  bottle  C(see  fig) 

d) Preparation  of  0.15N  Titanous  Chloride 
Solution.  Filter  the  commercial  15—20% 
soln  of  TiClj  in  strong  HCbthrough  asbes- 
tos, place  the  filtrate solution ) in  a 
gas  washing  bottle  and  pass  C02  through  the 
soln  to  remove  air.  Close  both  exits  of  the 
bottle  with  rubber  tubing  and  pinch  cock  as- 
semblies. Det  the  strength  of  this  ’’stock 
soln’  ’ by  pipetting  5 ml  into  a 300  ml  Erlen 
flask  contg  25  ml  distd  w and  25  ml  of  40% 
sulfuric  acid,  boiling  the  soln  and  titrating 
hot  with  std  ferric  ammonium  sulfate  soln 
using  MBI(methylene  blue  indicator).  The 
vol  of  stock  soln  required  for  the  prepn  of 
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changed  with  COj  generator 

the  desired  amt  of  0.15  N soin  is  obtained  from 
the  following  formula; 

V - 0 i;xV--.X;,  where 
N2  x Vj 

V*  = ml  of  std  TiCl,  desired;  N2  *»  normality 
of  std  Fe(NH4XS04)a  soln;Va  = ml  of  this  solo 
consumed  in  the  titration  of  5 ml  stock  TiCl, 
Assemble  the  app  as  shown  in  fig  and  trans- 
fer to  a thoroughly  clean  stock  bottle  B,  150 
ml  of  coned  HCl(for  each  liter  of  std  soln  de- 
sired), diluted  with  an  equal  vol  of  freshly 
boiled  and  cooled  distd  w.  Add  the  accurately 
measured  vol  of  stock  solnfvalue  V ealed  from 
the  above  formula),  dilute  with  w to  the  re- 
quired vol  and  pass  a rapid  stream  of  COa 
through  the  soln  for  1 hr.  Connect  bottle  B to 
hydrogen  generator  (see  fig)  and  fill  the  burette 
JF,  with  TiClj  soln  and  then  discharge  it. 
Leaving  the  stopcock  of  burette  partly  open, 
pass  a moderately  rapid  stream  of  hydrogen 
through  B and  Fa  for  30  mins  in  order  to  re- 
move any  air.  Close  the  stopcock  of  F,  and 
allow  the  soln  to  age  for  several  weeks  in  an 
atm  of  hydrogen  before  using  it 
e)Relation(R)  of  TiCl3  and  Fe(NH4XS04)2 
Solutions.  Add  25  ml  of  40%(by  wt)  sulfuric 
acid  to  a mixt  of  150  ml  distd  w and  50  ml 


95%  ethanol  in  500  ml  Erlen  flask  equipped 
with  a 3-hole  rubber  stopper  and  connected 
through  one  of  the  holes  to  the  COa  genera- 
tor (see  fig).  Sweep  the  air  from  the  flask  for 
10  mins  with  a strong  current  of  COa  and  add 
through  another  hole  of  the  stopper  from  a 
burette  15-20  ml  of  0A5N  TiCl3  soln.  Place 
the  flask  in  a 2 1 beaker  contg  200—300  ml 
of  cold  tap  w and  heat  the  beaker  at  such  a 
rate  that  the  w boils  in  not  less  than  15  mins. 
Maintain  at  boiling  temp  for  15  mins  and 
while  continuing  the  current  of  COa  but  at  a 
slightly  slower  rate  than  before,  add  2 ml 
MBI(colorless)  and  titrate  hot  with  std 
Fe(NH4)(S04)2  to  the  appearance  of  a blue 
color  persisting  for  30  secs.  Apply  temp  and 
calibration  correction  to  both  TiCl3  and. 
Fe(NH4)(S04)a  burette  readings(see  table  at 
top  of  following  page)  and  calculate  ^rela- 
tion) as; 

ml  TiCIs  soln 
ml  Fe  (NH4XS04)3 

/) Standardization  of  0.15N  TiC/3  Solution . 

The  soln  is  standardized  against  purified 
p-nitroaniline,  based  on  the  reaction; 

H2N*C4H4-NOa  +6TiCl,+6HCU 

HaN’C4H4*NHa  +6TiCl4+2HaO 
Note:  Purification  of  a good  grade  commer- 
cial p-MNA  can  be  achieved  by  crystallizing 
twice  from  95%  ethanol  and  three  times  from 
distd  w.  This  should  give  a product  having 
a mp  betw  147.3  & 148.2°.  This  will  be 
called  standard  p-MNA 

Accurately  weigh  0.3  g of  std  p-MNA, 
transfer  to  250  ml  vol  flask,  dissolve  in  ca 
100  ml  distd  w & an  equal  amt  of  40%  sul- 
furic acid  and  dilute  to  the  mark.  After 
thorough  mixing,  pipette  two  25  ml  aliquots 
into  two  500  ml  Erlen  flasks,  add  to  each 
flask  25  ml  40%  sulfuric  acid,  50  ml  95% 
ethanol  & 100  ml  distd  w.  Sweep  the  flask 
for  10  mins  with  a strong  current  of  COa , 
add  50  ml  of  0.l5Af  TiCl3  soln  and  proceed 
as  described  above  under  (e).  Calculate 
normality  of  TiCl3  by  the  following  formula; 

N = - where 

V.-RVj  x 0.02302 


Temperature  Corrections  for  TiCI3  and  Fe(NH4)(S04)2  Solutions 


Burette 

Correction  s 

Correction  s 

to  be  so 

btracted  t 

ml 

readin  g, 

added. 

ml 

m 1 

16° 

18° 

22° 

_ .n 

24~ 

- - A 

2f 

_ n 

28’ 

— — n 

JU' 

o 

— .ft 

34' 

5 

0.01 

0.00 

0.00 

0.01 

0.01 

0.01 

0.01 

0.02 

0.02 

10 

.01 

.01 

.01 

.01 

.02 

.02 

.03 

.03 

.04 

15 

.02 

.01 

.01 

.02 

.03 

.03 

.04 

.05 

.05 

20 

.02 

.01 

.01 

.02 

-03 

.04 

.05 

.06 

.07 

25 

.03 

.01 

.01 

• 03 

.04 

.05 

.06 

.08 

.09 

30 

.04 

.02 

.02 

.03 

.05 

.06 

.08 

.09 

.11 

35 

.04 

.02 

.02 

.04 

.05 

.07 

•09 

.11 

.12 

40 

.04 

.02 

.02 

.04 

.06 

.08 

.10 

.12 

.14 

Nofe.These  temp  corrections  are  applied  to  burettes  calibrated  at  20°.  The  corrections  for  TiCl, 
and  Fe(NH4)(S04)2  soins  are  different  from  those  applicable  to  aq  soins  generally  due  chiefly  to 
the  large  amt  of  HC1  present.  The  cubic  coeff  of  expansion  of  the  soins  is  on  the  average 

ft  f)firns4  ml  r>*»r  rw=r  ml  1 fi°  and  ?S°C_  If  all  ra  1 i hrarinns  arp  done  at  the  same  temD. 

w * — t — * — &*■ — t — — — — - — - - » - 

no  temp  corrections  are  necessary 


N = normality  of  TiClj  solmWt  = weight  of 
p-MNA  used;V,  = ml  of  TiCl,  used.’R  = rela- 
tion(see  procedure  e);V2  = ml  of  Fe(NH4)(S04)2 
used 

g)FrOc edure  for  DeierminuiioTi  oj  NB.  pip- 
ette a 50  ml  sample(ca  5lg)  into  a 1 1 round 
bottom  flask  to  which  is  attached  a 24-inch 
reflux  condenser  cooled  with  tap  w.  Pour 
slowly  through  the  inner  tube  of  condenser 
200  ml  coned  HC1  and  cool  the  mixt  in  the 
flask  to  RT.  Disconnect  the  condenser  and 


Connect  the  flask  to  steam  disin  app,  pro- 
vided with  a Kjeldahl  spray  trap  and  conden- 
ser and  distil  with  steam  into  a 500  ml  Erlen 
flask  contg  50  ml  95%  ethanol  until  the  total 
vol  in  the  receiver  is  ca  200  ml.  Stop  the 
distn,  transfer  the  distillate  to  a 500  ml  vol 
flask  and  dil  to  the  mark  with  95%  ethanol 


t/  !—  oL.  ~ MD 
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is  not  above  0.1%,  the  entire  distillate  may 


be  titrated  with  Fe(NH4)(S0,), , directly  in 
the  receiver  without  transferring  it  to  vol 


flask 

Pipette  an  aliquot(100  ml  or  more)  into  a 
500  ml  Erlen  flask  equipped  with  a 3*hole 

Pllkkar  fK  Ti*il  1 15  Vi  Ofl 


of  the  holes  to  C02  generator(see  fig). 
Sweep  the  air  from  the  flask  for  10  mins 

^ _ J * JJ  f 

wiui  a.  strung  uuricut  ui  \_,\j ^ anti  <x u.ti  uum 


a burette,  through  another  hole  in  the  stop- 
per. 40—50  ml  std  0.15N  TiCl,  soln.  While 
continuing  to  pass  C02  over  the  soln, 
quickly  remove  the  rubber  stopper  and  in- 
sert the  one  carrying  a Hopkins  condenser 
cooled  with  tap  w,  in  order  to  prevent  loss 


/\  f MR  aft  nil  konrtu  onr  riAa  D 1 t 
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flask  in  a 2 1 beaker  with  a porcelain  grid 
in  the  bottom  and  contg  200—300  ml  cold 
tap  w.  Heat  the  beaker  at  such  a rate  that 
w boils  in  not  less  than  15  mins,  and  con- 
tinue boiling  for  15  mins  while  still  passing 
C02  but  at  a si  slower  rate  chan  at  the  be- 
ginning of  the  operation.  Add  2 ml  MBI 
(colorless)  and  titrate,  while  hot  and  still 
passing  C02,  with  0.05^  Fe(NH4XS04)2 
(see  proced  c)  to  the  appearance  of  a blue 
color  which  persists  for  30  secs.  Calculate 
NB  content  from  the  following  formula: 


0.  vi T}  Ok-RVj)  X N X 2.0518  , 

% NB  = __L , where 

Wt 

Vt  = ml  of  TiCl,  soln  used: N = its  normality 

n _ — i — t — J ~\.ir i 

X\  — n.iauvm\0WL.  1-  } Yj  ~ 1114  Ui 
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Fe(NH4XS04)2  soln;Wt=*  weight  of  sample  ti- 
trated and  2.0518  = grams  of  NB  correspond- 
ing to  100  ml  of  normal  TiCls  soln 

QMoisture  Content(max  0.25%).  Det  moist  by 
the  Method  3001.5  of  Federal  Specification 
VV— L— 791e(1953), with  the  exception  that 
75  nil  of  commercial  toluene  which  has  been 
previously  dried  over  CaCl2  and  redistilled, 
is  used  as  the  diluent.  The  same  results  may 
be  obtained  by  using  the  method  for  mois- 
ture detn  under  Ammonium  Nitrate,  Analyti- 
cal Procedures 

D)$pecifie  Grav»*y(1.015  to  1.019  at  25°/4°). 

Det  it  by  pycnometer  method  such  as  de- 
scribed in  Federal  Specification  VV— L— 791e 
(1953),  Method  402.1  or  in  IEC,  Anal  Ed  16, 
55(1944) 

Anilines,  Nitrated,  Analysis.  Monomtroani- 
iines  can  be  detd  by  methods  described  in 
Refs  4-7  & 9-10 

Dr  H.  Walter(Ref  15)  used  in  his  work  the 
following  method  for  detn  of  nitroaniiines: 

Weigh  a sample,  transfer  it  to  a round- 
bottom  flask  equipped  with  a reflux  conden- 
ser cooled  with  tap  w and  introduce  through 
the  inner  tube  of  condenser,  a quantity  of 
acetic  anhydride  slightly  in  excess  of  that 
required  for  acetylation.  After  introducing 
through  the  condenser  an  amt  of  pyridine  = to 
ca  10%  of  acetic  anhydride,  the  reaction  of 
acetylation  starts  spontaneously  and  then 
procedes  at  a much  slower  rate.  The  fol- 
lowing reaction  takes  place: 

H2  N.QH4.  N02  +(CHsCO)2 
CHjCO-NH.C6H4.N02  +chscooh 

After  allowing  to  stand  for  1 hr,  add  distd 
w through  the  condenser  in  an  amt  suffi- 
cient to  hydrolyze  surplus  anhydride  to 
acetic  acid.  Transfer  to  a 1 1 vol  flask  and 
dilute  to  the  mark.  Pipette  an  aliquot  into 
a beaker  and  titrate  with  N/10  NaOH  soln 
m presence  of  an  indicator,  such  as 
phenol-phthalein.  Take  the  burette  reading 
(R2).  Run  a blanc  by  titrating  with  N/10 
NaOH  the  same  quantity  of  acetic  anhydride 


but  without  any  nicroaniline,  treated  in  ex- 
actly the  same  manner  as  above(burette 
reading  R2 ).  The  difference  R2-R,  is  pro- 
portional to  the  amt  of  sample  taken 

Aniline,  Polynltro  Derivatives.  As  no  info  is 
available  on  the  analysis  of  these  compds, 
we  asked  the  opinion  of  Mr.  F.  Pristera  and 
Dr  H.  Walter,  who  had  wide  experience  in 
analysis  of  polynitro  derivs  of  toluene,  phenol, 
etc.  If  the  sample  is  a solid,  its  mp  must  be 
detd  and  if  it  is  a liquid,  its  bp.  Next  comes 
the  analysis  by  IR(if  an  apparatus  is  avail- 
able). Experiments  at  PicArsn  showed  that 
IR  spectrograms  of  various  nitrated  derivs  of 
toluene  permitted  distinguishing,  not  only  the 
degree  of  nitration  but  also  the  position  of 
NOa  groups(Refs  13  & 14).  In  later  work 
spectrograms  of  o-  and  p-nitroanilines  [See 
paper  by  F. Pristera  et  al  published  in 
Anal  Chem  32,  497(1960)]  showed  dis- 
tinct differences  between  these  two  compds. 

If  IR  spectrograms  do  not  give  any  definite 
info,  it  is  advisable  to  det  C and  H con- 
tents by  microcombustion  method  and  also 
to  det  N content  by  micro-Dumas  combus- 
tion method 

If  the  sample  does  not  contain  more  than 
two  (or  three)  N02  groups,  the  titanous  chlo- 
ride method(described  above  under  detn  of 
nitrobenzene  in  aniline)  may  be  applicable. 
This  method  determines  the  nitro-nitrogen 
but  not  the  amino-nitrogen.  No  info  is  avail- 
able on  application  of  the  TiClj  method  to 
tri-,  tetra-  and  pentanitroanilines,  but  it 
definitely  works  with  mono-  and  di-nitro 
derivs 

* 

In  the  opinion  of  Dr  H.  Walter,  the  appli- 
cation of  the  TiClj  method  to  aromatics 
contg  more  than  3 symmetrically  arranged 
N02  groups  might  lead  to  inaccurate  results, 
because  this  method  exhibits  a solvolytic 
effect  on  the  4th,  5th,  etc  groups.  As  these 
nir regroups  are  very  loose,  they  split  off 
quantitatively  by  boiling  with  w(especially 
at  pH  >7)  leaving  a phenolic  (—OH  group)  in- 
stead. This  reaction  may  probably  be  used 
for  analysis  of  compds,  such  as  pentanitro- 
aniline,  as  follows: 


A419 


NH3 
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+ 2H20-> 

VNO.  ho 
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OH 
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identified  by  the  mp  and  also  in  the  form  of 
its  lead  salt,  obtained  by  the  action  of  Pb 
acetate  on  aminostyphnic  acid 


Dr  Walter  stated  also  that  diazobenzene- 
sulfonic  acid(prepd  by  diazotization  of  sul- 
fanilic  acid)  readily  couples  with  aromatic 
-NHj  in  acid  medium  or  with  -OH  group  in 
alkaline  medium,  provided  at  least  one  ortho- 
or  para-  standing  H-atom  is  available.  The 
reaction  proceeds  as  follows: 


H2nCZ>H  + N:N+<  >$0,-^ 

Ka  N /“N :N-<Q  SO sH 


In  this  method,  an  ale  soln  of  benzene- 
sulfonic  acid(previously  standardized  with 
phosgene  by  weighing  the  pptd  diphenyl- 
carbamide)  is  added  from  a burette  to  a sam- 
ple of  aniiine(or  its  nitrated  compd  not 

k i r>kri  r fkfsn  fpfn  11 1 ff  A-  ^ not  i 1 o t>nA  a ro  rt /*  a 
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of  a dirty-bluish  coloration,  when  a drop  of 
the  reaction  mixt  is  placed  on  a filter  paper 
previously  impregnated  with  amino-/8- 
naphthol  indicatorfspot  test).  This  method 
is  not  applicable  for  analysis  of  penta- 
nitroani!ine(Ref  15) 


Re/s:  l)W.F.Koppeschaar,  ZAnalChem  15, 

233(1876)  (Detn  of  aniline  by  bromination) 


JCS  76  11,713(1899)  (Volumetric  estimation 
of  aniline  by  bromine  w in  presence  of  sul- 
fate of  indigo)  3)G.Deniges,  JPharmChim 
10,63(1899)  & JCS  76  II,  826(1899)  (A  claim 
for  priority  with  respect  to  the  method  de- 
scribed by  Francois)  4)F.L. English,  IEC 

1 O An  </  t /A-.  — li -.1 C 'T1 ! 1 -i ] 

t ± yz.yj)  ^AppuedLiuii  ui  ±iv^i3  incuiuu 

to  detn  of  nitro  nitrogen  in  p-and  m-MNA*  s) 
5)B.M.Margosches  & W. Kristen,  Ber  56, 
1947(1923)  (Kjeldahl  method  is  applicable 


u\l  A 1 ^ ^ _ fi  - WVT  A _ A t 

CO  IIl-MlN  DU1  HOC  to  U-  OC  p-iVU^  n Ul  IU 

DNA)  6)I.M.Kolthoff  & C-Robinson,  Rec  45, 
171  & 174(1926)  (Detn  of  nitro-nitrogen  in 
p-  & m-MNA  by  TiCI3  method)  7)A.R.Day 
& W.T.Taggert,  IEC  20,545(1928)  (Detn  of 
m-  and  o-MNA  by  bromination  method) 

8)Kirk  & Othmer  l(1947),918(SmalI  quanti- 

a o /\  ( An  ■ ! • n a con  ki»  t-rl  colon  m oer»/-0  ll^T 


by  means  of  a purplish -violet  color  formed 
on  treatment  with  hypochlorite  soln  or  by 
conversion  of  this  to  a permanent  blue  dye 
on  treatment  with  ammonia  or  phenol 

9)W.Kemula  et  ai  RocznikiChem  29,643 
(1952)  & CA  50,3956(1956)  (Separation  of 


r\( 


uarionc  icnmprc 


nf  nitrat-f^A  anil  inn 


by  the  method  or  partition  chromatography) 

10)L.D. Johnson  et  al,  AnalChem  27,1494—8 
(1955)  and  28,392(1956)  (Bromination  method 
is  not  always  applicable  in  analysis  of  mixts 
of  nitrated  aniline  and  phenols)  ll)Organic 
Analyses, Interscience, NY, vol  3(1956) 

12)US  Specification  MIL-A-1 0450A  13)F. 

Pristera,  ApplSpectroscopy  7,115—21(1953) 
14)F.Pristera  & M.Halik,  AnalChem  27,217- 
22(1955)  15)Dr  Hans  Walter  and  Mr.  Frank 

Pristera,  Pic  Arsn;  private  com  muni  cation  (I960) 


Note:  Dr  Walter  also  suggested  the  following 
method  for  analysis  of  trinitroaniline . 


in  A nAH  mi  fk  Of 


and  add  Na  nitrite: 


(0,n)ic.h1.nh1^QH.(0,NXcshi.n^cchj 

Add  an  excess  of  dime  thy  lani  line  and  trans- 
fer the  resulting  dark-red  soln,  contg 

if\  XT  \ T 1 XT  XT  Z'  If  M/r'U  \ 

metric  flask.  Take  an  aliquot  and  test  it 
colorimetrically 

For  analysis  of  tetranitroaniline,  the  fol- 
lowing method  was  suggested: 

Boil  a sample  with  w to  transform  it  to 
aminopicric  acid  (02N)3C6H(0H)-NH2 . Add 

V 6)  LI  on  /I  k»i  kkl  a *k  pah  rvki  t~k  A r a Cl  1 I r I Y“»  ft  A 
1\  VI  1 UliLl  LA1UU1L  LIU  C/M  «1JV  “'j 

soln  of  potassium  aminopicrate  (Oa  N)3C6H(OK)*~ 
NH2  a stream  of  C02  : 

(02  N)3C6H(OK>NH2— M02  N)3C6H(0H>NH2  +KHCO, 

Extract  the  resulting  aminophenoi  with  ether, 
evaporate  and  weigh 
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ANILINOACETIC  ACID  ANI  LINO  AZOBENZENE 

AND  DERIVATIVES  AND  DERIVATIVES 


Anilinoacetic  Acid;  Aminopkenylacetic  Acid; 
N-Fhenylglycacoll  or  N-Fbenyi glycine 
(Anilinoessigsaure  in  Ger),  C6H, -NH-CHj  *- 
COOH.  is  described  in  Beil  12.468(26^)  S' 
[249]  ' 

Anilinoacetic  Acid,  Azido—,  C8H8N40,  and 
Diazido—  C8H7N702  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 


Mononitroanilinoacetic  Acid,  C,H#Na  04;  Its 
three  isomers  are  described  in  Beil  12,695, 
709  & 725 

2, 4-Dinitro anilinoacetic  Acid  or  N-(2,4 * 
Dinitropbenyl)-glycine, (02N)3  C6Hj*NH-CH2  . 
COOH.  Golden-yel  scales(from  aq  ale),  mp 

1 nO/n-f  n. l _ _ _ f \ 

^i\ci  lj9  y CA  eiy  slsvuuui  1*4  ujcuiauui/  f 

mp2  0 5°(Ref  2 & 4).  Several  methods  of 
prepn  are  listed  in  BeilfRefs  1 & 2).  It  is 
evident  that  one  value  of  the  reported  rap 
(115°  and  205°)  is  wrong.  Waidemann  (Ref  5) 
did  not  clarify  the  point,  although  he  also 
prepd  the  dinitroanilinoacetic  acid.  The  mp 
of  his  COiiipu  is  not  given 

Nearly  all  metallic  salts  of  the  dinitro 
compd,  especially  those  of  Pb,  Ba  & Ag  are 
exp!osive(Refs  1 & 3) 

Refs:  l)Beil  12,756  2)Beil  12,(363) 

3)A.Sahna,  Gazz  34  11,222(1905)  & JCS  88  1, 
48-9(1905)  4)E.Abderhalden  & P.Blumberg, 

'T t-i1 /C  ,io/rmn\  o.  T<"C  oe  1 i-n 

jurny  uiv^iicm  v*/,  j lo\.  cx  j /u  j / a 

(1910)  5)E.Waldmann,  JPraktChem  91,190 
(1915)  & ICS  108  (,  180(1915) 


2,4,6-Trinitroonilinoacetic  Acid,  N-Picryl- 
nlyrorol!  or  N-Piery  I a I vcirte.  (OsN).CsHs*~ 
NH-CHj-COOH,  raw  286.16,  N 19.58%.  Yel 

ndls(from  hot  w),  rap  161°;  si  sol  in  w and 
sol  in  ale.  Can  be  prepd  by  the  interaction 
of  glycine  and  picrylchloride.  It  is  undoubt- 
edly an  expl  and  its  salts  even  more  so 
Refs:  l)Beil  12,770  2)K.Hirayama, 

ZPhysioIChem  59,290(1909)  & CA  4,222 
(1910) 

T etranitroanilinoacetic  Acid,  C8H5  Ns  Ol0  — 
not  found  in  Beil  or  CA  through  1956 


4mAnilino-azobenzene,  Phenylazodiphenylamine 
or  4- Benzene  azo-dip  beny  famine , C6H,  -NH-- 
C6H4*N:N-QHS , is  described  in  Beil  16,314 

Aniiino azobenzene,  Azido—, CI8H14N6  and 
Diazido—,  Cl8H,jN9  Derivatives  were  not  found 


in  n a 


*-L  t nc/ 

imiuu£U  lyju 


Mononitroanilinoazobenzene,  C1SH 

Qj>trfiro  1 a^/\m  avo  /i 

WW  T v A Ml  A J OlliCl  J U 

(311)  & [153,178] 


-1«»A  m N4Oa . 

Qotra  rO  1 D«.  If  1 / Tie* 
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DimiroamIiTioaxobenxene9  C^riiiNjO**  Several 
isomers  are  described  in  Beil  16,314  & [148, 
149.153] 


Trinitroanilino azobenzene,  C,aHia  N608,  mw 
408.32 j N 20.58^.  Several  i some rs  are 
scribed  in  Beil  16,314  & [149,153] 

Note:  No  higher  nitrated  derivs  were  found 
in  Beil  or  CA  through  1956,  although  the 
compds  hexanitroanilinoazobenzene , 
C18H9N9Ol2,  mw  543.32,  N 23.20%,  and 
higher  nitrated  derivs  would  be  expected  to 

be  exn! 

_ ._r  _ 


ANI  LINO  BENZ  ALDEHYDE 
AND  DERIVATIVES 

Anilinobenz aldehyde,  CSH«  -NH-C6H4-CHO. 
One  isomer  is  described  in  Beil  14,37 

Anilinobenzaldehyde,  Azido—,  C1,Hl0N40 
and  Diazido  Derivatives,  C1,HaN70  — were 
not  found  in  Beil  and  in  CA  through  1956 
M onon  itroan  i lino  ben  zaldehyde,  CuH10N2Os- 
not  found  in  Beil 


Dinitroanilinobenzaldebyde,  CuH9N30s . 

Two  isomers  are  listed  in  Beil  14,(357)  & [22) 


Trinitro anilinobenzaldehyde,  ClSH8N407  and 
higher  nitrated  derivs  were  not  found  in  Beil 


a*  A p/mi  aK  i n 

Vi  Vyil  UlLVUgii  -i.  y J\J 


Anilinobenzene,  One  of  the  names  for  Di- 

pheriylaiTi  me 
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ANILINOBENZENEDIAZONIUM 
HYDROXIDE  AND  DERIVATIVES 

p* Anilinobenzenediazonium  Hydroxide;  Di - 
phenylamine-4'diazcmium  Hydroxide  or 
Pheny  lamine- 4-diazonium  Hydroxide, 

C6Hs  -OH,  known  only  in  the 

form  of  salts,  some  of  which  are  explosive 
Ref:  Beil  16,602-3,(371)  & [307] 
p- Anilinobenzenediazonium  Azide , Cl3H|0N8 
not  found  in  Beil  or  CA  through  1956 

p- Anilinobenzenediazonium  Nitrate  or  Di- 
phenyl  amine -4-diazonium  Nitrate,C6  Hs  -NH— 
C6H4-N3-0N03,  tnw  258.23,  N 21.70%.  Yel 
ndls,  explg  mildly  on  heating.  Was  prepd  by 
treating  N-phenyl-N-(4-oitros ophenyl)- 
hydroxy lamine  with  nitrogen  oxide 
Refs:  l)Beil  16,603  2)E. Bamberger  et  al, 

Ber  31,  1515(1898) 

p- Anilinobenzenediazonium  Nitrate,  Azido — , 
C,jH9N,Oj  and  Diazido—,  C13  HsNl0Oj  Deriva- 
tives were  not  found  in  Beil  or  CA  through 
1956 

Nitroanilinobenzenediazonium  Nitrate, 
C12HsNs05  — not  found  in  Beil  or  CA  through 
1956 

l-AniIino-2, 6-dinit  to  benzenediazonium 
Azide,  C12H,Ns04  — not  found  in  Beil  and 
CA  through  1956 

l-Anilino-2, 6-dinitrobenzene-4-diazoni  um 
Chloride,  CSH,  ♦NH'CaH3(N02  \ -N,  Cl; 
decomp  at  175°  when  slowly  heated  and 
expl  mildly  when  heated  rapidly 
Refs:  Same  as  under  Nitrate*  described  below 

1-Anllino«2,6-dinitrobefizene-4-diazonlum 
Nitrate;  2, 6-D  In  I trophenylamine -4-diazonium 
Nitrate,  indexed  in  CA  as  4-Aitl lino-3,5* 
Dinitrobenzenediazonlum  Nitrate, C6H,  *NH- 
C6H3(N03)3*N3«0NO3,  raw  348.23,  N 24.14%, 
OB  to  C03  “95.7%.  Yel-brn  ndls,  mp  decorap 
at  148°  with  emission  of  light  on  slow  heat- 
ing and  detonates  violently  on  rapid  heating 
or  when  struck;  si  sol  in  ale.  Was  prepd  by 
treating  2, 6-di  nitro-4-ami  nod  ipheny  lamine 
nitrate  with  iso- amylnitrite  in  alcohol 


Refs:  l)Beil  16,  [307]  2)H.Lindemann  & 

W.Wessel,Ber  58,1227(1925)  & CA  19,2824 
(1925) 

l-Anilino-2,6-dinitrobenzene-4-diazonium 
Sulfate , C6H,  -NH‘C5Ha  (N03  )3  -N3  -OSOjH, 
decomp  at  180°  when  heated  slowly  and 
expl  mildly -when  heated  rapidly 
Refs:  Same  as  under  Nitrate  described  above 

l-(2 ,4-Dinitroanilino )- benzene~4}  -^diazonium 
Azide  C13  H4Nb04  — not  found  in  Beil  or  CA 
through  1956 

l-{ 2,4'Dinitroanilino hbenzene-4 ' - diazonium 
Chloride  or  2,4-Dinitrophenylamine-4'  - 
diazonium  Chloride , (03  N)3  C6HJ*NH*C6H4*- 
N2  -Cl.  Its  monohydrate,  in  the  form  of 
golden-yel  ndls,  was  prepd  by  diazotizadon 
of  2'  ,4' -dinitro-4-aminodipheny lamine 
Refs:  l)Beil  16,603  2)G.T. Morgan  & 

M.G.Micklethwait,  JCS  91,603(1908) 

M2,4-Dinitroani  I ino)-ben  zone-41  -diazonium 
Nitrate  or  2' ,4* -Dinitrodiphenylamine-4  - 
diazonium  Nitrate,  (03  N)a  C6H3-NH-  C6H4- 
N3  -ONOj  ; yel  crysts  exploding  on  heating, 
comparable  in  sensitivity  and  stability  to 
PA.  Can  be  prepd  in  several  steps  starting 
from  ch  loro-2 ,4-dinitrobenzene  and  acetyl- 
p-phenylene  di  ami  ne  (p-a  mi  noacet  anilide), 
as  described  in  Ref  2.  This  compd  is  also 
listed  in  Refs  3 & 4 but  no  additional  data 
are  given 

Refs:  l)Beil  — not  found  2)F. Steppes, 

GerP  291,156(1915)  & CA  11,889(1917) 

3) A.H.Blatt  & F.C. Whitmore, NDRC  Div  B 
Rept  Serial  No  442  and  OSRD  1085(1942), 23 

4) A.H.Blatt,OSRD  2014(1944)  (Under  Di- 
azonium Salts) 

Note:  No  higher  nitrated  derivs  of  Anilino- 
benzenediazonium salts  were  found  in  Beil 
or  CA  through  1956 

ANIL1NO BENZOIC  ACID 
AND  DERIVATIVES 

Anilinobenzoic  Acid;  Diphenylaminocarboxy- 
lic  Acid  or  N-Phenylanthranilic  Acuf,  C6HS  »- 
NH«CSH4*  COOH.  Several  isomers  are  de- 
scribed in  Beil  14,327,(533,  585)  & [213] 
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Anilino benzoic  Acid,  Azido—,  C13H10N4O2 
and  Diazido— , C,3H9N702  Derivatives  were 
not  found  in  Beil  cc  CA  through  1956 

Mononitroanilinobenzoic  Acid , Ci3Hl0N204. 
Several  isomers  are  described  in  Beil  14, 
328-9,  374,377,442  & [214,233] 
Dinitroanilinobenzoic  Acid , C,}H9N306. 
Several  isomers  are  described  in  Beil  14, 

329,380,445,(560,572)  & [214,235] 
4'Anilino*3,5*dinitrobenzoylazide  or  2,6- 
Din  itrodipheny  I am  in  o-4-carboxyl  azide, 

C6Hs.NH.C6H2(N02)2-C0.N3,  mw  328.24, 

N 25.61%.  Pale  red  crysts(from  benz),  mp 
135°;  defl  on  rapid  heating;  easily  sol  in 
NB,  sol  in  beoz,  diff  sol  in  gasoline.  Can 
be  prepd  by  treating  4-anilino-3,5-dinitro- 
benzoylchloride  with  Na  nitrite  in  AcOH 
Refs:  l)BeiI  14, [274]  2)H.Lindemann  & 

W.  Vessel, Ber  58,1228(1925)  & CA  19, 
2824(1925) 

Trinit roanilinobenzoic  Acid , C13H8N4Oa, 
mw  348,23,  N 16.09%.  Several  isomers  are 
described  in  Beil  14,329,393,429,(533,560, 
572)  & [236] 

Tetranitroanilinobenzoic  Acid,  C13H7NsO,0, 
mw  393.23,  N 17.81%  — not  found  in  Beil 
or  CA  through  1956 

ANILINO  BENZONITRILE 
AND  DERIVATIVES 

Anilino  benzonitrile  or  Cyanodipkenylamine, 
CaHs  •NH*CeH4-CN  — not  found  in  Beil  or 
CA  through  1956.  It  may  be  considered  as 
the  parent  compd  of  the  following  derivs: 
Anilino  benzonitrile,  Azido— , C13N9N5  and 
Diazido,  C13HaNa  Derivatives  were  not  found 
in  Beil  or  CA  through  1956 

Nitroanilinobenzonitrile  or  Nitrocyanodi- 
pbenylamine,  C13H9N}02  . Several  isomers 
are  known 

Refs:  l)Beil  14,377,443,(584)  & [2351 

, 2)M.Schopf,  Ber  23,3442(1890)  3)H.Gold- 
stein  & R.Voegeli,  Helv  26,1127(1943)  & 

CA  38,78(1944)  4)D.L. Vivian  et  al, 

JOC  20,800(1955)  & CA  50,7813(1956) 


m-(2,4-Dinitraanilino)-benzonitrile  or  2,4- 
Dinitro-3 1 - cy  anodiphenylamine,  (02  N)2  CaHs* 
NH-C4H4-CN,  mw  284.23,  N 19.71%.  Yel 
crysts,  mp  190°.  Was  prepd  by  condensation 
of  3-aminobenzonitrile  with  l-chloro-2,4- 
dinitrobenzene(Ref  2) 

Refs:  l)BeiI  — not  found  2)J.J.Blanksma 

& E.M.Petri,Rec  66,358(1947)  & CA  42,148 
(1948) 

m-( 2, 4, 6-Trinitroanilino}- benzonitrile  or 
2,4,6-Trinitro-3 * -cy anodiphenylamine, 
(02N)3C6H2.NH.C6H4.CN,  mw  329.23, 

N 21.27%.  Golden-yel  crysts(from  ale); 
mp  180°;  si  sol  in  w,  insol  in  petr  ether; 
moderately  sol  in  ale  & CCl4;  readily  sol  in 
warm  NB  and  chlf  and  very  sol  in  acetone. 

Was  prepd  by  condensation  of  3-aminobenzo- 
nitrile  with  picryl  chloride(Ref  2,p  364). 

Its  expl  props  were  not  examined 
Refs:  l)Beil  — not  found  2)J.J.Blanksma 

& E.M. Petri, Rec  66,364(1947)  & CA  42,148 
(1948) 

T e Irani tro anilino  benzonitrile,  C13H6N60fl  — 
not  found  in  Beil  or  CA  through  1956 

Anilinobenzoylazide,  Dinitro.  See  4-Anilino- 
3,5‘dinitrobenzoylazide  under  Anilinobenzoic 
Acid 

Ani  lino  butane.  Same  as  Butylaniline 

ANILINO  BUTANOL  AND  DERIVATIVES 

Anilino  butanols;  Butanol  aniline  s , called  also 
Aminophenylbutanols  and  Phenyl  amino  butanols, 
C10HISNO.  Several  isomers  are  described  in 
the  literature  and  they  may  be  considered  as 
parent  compd s of  the  following  derivs: 

Anilino  butanol,  Azido — , C10H14N4O  and  Di- 
azido—,  C10H14N40  Derivatives  were  not  found 
in  Beil  or  CA  through  1956 

Mononitroani  lino  butanols,  Cl0H14N2  03  were 
not  found  in  Beil  or  CA  through  1956 

2-(2*  ,4*  -Dinitro  ani  lino- N-)-  1-butanol  or  2- 
(2' ,4*  -Dinitrophenylarra.no)-  1-butanol, 

CHj  OH 

(02N)2  CeH,.NH  -CH  ^ , raw  255 .23 , 

xCH2«CHs 
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N 16.47%.  Col  solid,  mp  113-113.5°.  Was 
prepd  by  Elderfield  et  al(Refs  2 & 5)  by 
condensation  of  2,4-dinitrochlorobenzene 
with  2-amino-l -butanol  in  ale  soln  and  in 
the  presence  of  NaOH.  When  nitrated  it 
yields  the  explosive  which  may  be  named: 

2-(N,2'  ,4' , 6 ’ -T etranitro  an  i lino)- 1-butanol 
Nitrate;  2-(2'  ,4'  ,6'  -Trinitro-N-nitranilino)- 
1-nitroxy butanol;  2-{N*P  icryl-N-nitrami  no)- 

1- butcnol  Nitrate;  2-{2' ,4*  ,6' -Trinitro- 
phenylnitramlno)-  1-butanol  Nitrate  or  2- 
(N,2'  ,4'  ,6*  -Tetranitrophenylamino)-!- 
butanol  Nitrate.  Elderfield  called  it(Ref  2): 

2- f2*  ,4*  ,6'  * Trinitropbenylamino)- butanol - 
N-nitramine  Nitrate;  McGiIl(Ref  4):  2,4.6- 
T rinitroph  enylisobutylolnitr  amine  Nitrate 
and  Blatt(Ref  6):  2,4,6-Trinitropbenyl-(  1- 
methyl  ol  )-p  ropy  In  itram  in  e Nitrat  e, 

CHj  (ONOj ) 

(02N)sC6HaN(N02>CH^ 

CHa  *CH, 

mw  390.23,  N 21.53%,  OB  to  COa  -57.4%, 

OB  to  CO  -16.4%.  Yel  crysts,  d 1.39, 
mp  140— 140.5°(decomp);  insol  in  w & ale, 
sol  in  molten  TNT  and  acetone.  Was  prepd 
by  Elderfield  et  al  by  nitrating  2-(2'  ,4*  - 
dinitroanilino)- 1-butanol  with  mixed  nitric- 
sulfuric  acids.  A detailed  description  of  the 
procedure  is  given  in  Ref  5 

Tetranitroanilinobutanolnitrate  is  a power- 
ful expl(Bal  Mortar  Test  117%  TNT).  When 
heated  above  its  mp  it  deflagrated  at  205  — 
10°  with  a brilliant  puff  without  deton,  when 
heated  to  216°  it  ignited  in  5 secs.  Its 
Sensitivity  to  Impact  is  comparable  to  that 
of  tetryl(Ref  6).  Fairly  stable  in  storage 
and  when  heated  to  100°;  when  heated  in  a 
closed  tube  at  135°  for  30  mins,  it  exploded. 
Loss  of  wt  in  the  75°  International  Test 
0.1%;  Hygroscopicity  Test  at  90%  RH  and 
25°  gain  in  wt  0.06%  and  at  100%  RH  0.19% 
(Refs  2 & 3).  Its  Qv  1250.6  keal/mol  and 

C 

Qf  “35.7  kcal/mol(Ref  3).  Some  other  props 
are  given  in  Ref  7,  which  is  still  classified 

Refs:  I)Beil  12  — not  found  2)R.C. 

Elderfield  et  al,OSRD  Rept  158(1941), 

7—10  & 15—17  3)G.B.Kistiakowsky, 

OSRD  Rept  702(1942)  (Table  II)  4)R. 
McGill, OSRD  Report  830(1942),65  5)R.C. 

Elderfield  et  al,  OSRD  Rept  907(1942), 

5-6  6)A,H.Blatt,OSRD  Rept  2014(1944) 


[Se  e 2,4 ,6-Tri  nitropheny l-(  1-me thylol)propyl- 
nitramine  Nitrate]  7)A.D. Little, Inc,  "Report 
on  Study  of  Pure  Explosive  Compound/’ 
Cambridge, Mas sK  v 4(1952)  Compd  No  305, 
p 586(Part  of  rept  is  unclassified) 

Note:  No  higher  nitrated  derivs  were  found  in 
Beil  or  CA  through  1956 

ANIUNOBUTYRIC  ACID 
AND  DERIVATIVES 

Anilinobutyric  Acids  or  Pbenylaminobutyric 
Acids,  C6Hj  •NH‘C,He-COOH.  Two  isomers 
are  described  in  Beil  12,493,495  & [2533,  of 
which  a-antlino-isobutyric  acid,  C6Hs  -NH** 
C(CH,)2  -COOH  is  the  parent  compd  of  the 
following  derivs: 

Anilinobutyric  Acid,  Azido— , Cl0H12  N4Oa  and 
Diazt'i^o— , CjqHjjNjOj  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 

Mononitroani  lino- iso- butyric  Acid,  C|0H12  N2  04 
— not  found  in  Beil 

2-(2'  ,4'  -Dinitroanilino)- iso-butyric  Acid  or 
N-(2,4'Dinitrophenyl)-a-amino-iso-butyric  Acid , 
called  by  Moulder:  L’  acide  2,4-dinitroanilido - 
isobutyrique  and  in  Beil:  a-[2,4-Dinitroanilino]- 
iso-but  tersdure,  (02  N)2  C6Hj*NH-C(CHj)2  «COOH, 
mw  269.21,  N 15.61%.  Lt  yel  leaflets(from  dil 
AcOH),  mp  1 90 — l°(decomp  beginning  at  175°). 
Was  prepd  by  Moulder  (Refs  1 & 2)  by  the  action 
of  HCI(d  1.19)  on  the  nitrile  of  a-(2,4-dinitro- 
anilino)-iso-butyric  acid. 

Refs:  l)BeiI  12,756  2 ) A. Moulder, Re c 26, 

186-  7(1907) 

2-(2'  #4* , 6 1 -Trin»tro-N-n«tranilino)-iso-butyrlc 
Acid;  N-(2,4,6-Trinitrophenyl)-N-nitro-a-amino- 
iso-butyric  Acid;  N,2,4,6-Tetranitro-N-iso- 
butyricacid  -aniline  or  a-  Picrylnitr  ami  no- iso- 
butyric  Acid,  called  in  CA,  a-Trinitropnenyl- 
nitraminoisobutyric  Acid,  (02N)3C6H2-N(N02  >- 
C(CHj)2.COOH,  mw  359.12,  N 19.50%,  OB  to 
C02  -64.6%,  OB  to  CO  0%.  Crysts,  mp  152— 
3°(with  complete  decompn).  Was  prepd  by 
Filbert  of  the  duPont  Co  by  nitrating  N-(2'  ,4'  - 
dinitroaniIino)-iso-butyric  acid  with  nitric- 
sulfuric  acid.  Details  of  the  method  are  given 
in  Ref  2(See  also  Ref  3) 

This  acid  as  well  as  its  heavy  metal  salts 
(such  as  those  of  Pb,  Cu,  Zn,  Hg  & Ag)  are 
expl  and  were  proposed  as  ignition  compo- 
nents for  electric  blasting  caps.  Filbert  also 
claimed  that  these  heavy  metal  salts  are 
suitable  for  use  in  some  primary  and 
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and  initiating  expl  mixts  as,  for  instance, 
with  NS 

Among  the  heavy  metal  salts.  Filbert  pre- 
ferred the  basic  lead  salt,  (02  N)3C6H2  *- 
N(PbOH)*C(CH,)2  .COO(PbOH)  (probable 
formula),  which  was  prepd  by  treating  tri- 
nitronitranilinoisobutyric  acid  with  lead 
nitrate  in  the  presence  of  some  NaOH.  This 
salt  is  extremely  sensitive  to  static  elec- 
tricity and  fairly  sensitive  to  shock  and 
friction.  It  offers  a marked  advantage  over 
lead  styphnate  in  ease  of  ignition— in  a 
loose  condition  it  may  be  fired  with  a cur- 
rent of  only  0.32  amp  vs  0.38  amp  required 
for  lead  styphnate 

Filbert  clai  med  that  the  basic  lead  salt 
is  especially  suitable  for  use  as  an  igni- 
tion agent  in  fast  electric  blasting  caps 
used  in  seismographic  investigations 
Note:  In  seismographic  work  it  is  desira- 
ble that  there  be  no  appreciable  delay  be- 
tween the  application  of  the  current  and 
the  firing  of  the  cap.  Investigations  by 
means  of  an  oscillograph  showed  that 
caps  contg  the  above  basic  lead  salt  as 
an  ignition  agent  exhibited  a time  lag  of 
0.004  sec  when  fired  by  a current  of 
1 amp,  compared  with  0.006  sec  when  lead 
styphnate  was  used  under  the  same  con- 
ditions. In  both  cases,  the  time  lag  was 
greatly  diminished  by  applying  larger  cur* 
rents 

Refs:  l)Beil  — not  found  2 )W.F.  Filbert, 

USP  2,115,066(1938)  & CA  32,4787(1938) 
3)A.H.Blatt  & F.C. Whitmore, OSRD  1085 
(1942), 115 

Anilinodiazonium  Hydroxide  and  Derivatives. 

See  Arainobenzenedi  azonium  Hydroxide  and 
Derivatives 

ANILINOETHANOL  AND  DERIVATIVES 

2-(or  (3-)  Anilinoethanol ; Phenylaminoethanol; 
Phenylethanolamine ; (3-Etbanol-N-aniline; 
(3-Anilinoethyl  Alcohol;  Hydroxy  ethyl  ani- 

line or  (3-Hydroxy etbylammobenzene(called 
in  Beil  N-[/3-Oxy-athyl]-anilin),  C6H5NH-- 
CH2-CH2OH,  mw  137.18,  N 10.21%.  Col  liq 
turning  yel  and  then  brn  on  standing,  bp 

167-70°  at  19  mm,  d 1.1129  at  25°/25°, 


n^0  1.5749*  Was  first  obtained  in  1873  by 

Ladenburg.  Methods  of  prepn  and  other  props 
are  given  in  Beil  12,182  & [106]  (See  also 
Aminophenylethanol) 

2- Anilino ethanol,  Azido—,  CrHl0N4O  and 
Diazido— , C8H9NT0  Derivatives  were  not  found 
in  Beil  or  CA  through  1956 

2- Anilinoethanol  Nitrate,  C5H,  NH*CH2  -CH2  •- 
0N02,  mw  182.18,  N 15.38%  — not  found  in 
Beil 

Mononitroanilino  eth  ctnols , (02  N )C6H4*NH  ♦- 
CH2*CH2*OH.  Several  isomers  were  prepd 
and  examined  by  Kremer  from  the  point  of 
view  of  their  physiological  props 
Refs:  l)Beil  — not  found  2)C.B. Kremer, 

JACS  61,1323(1939)  & CA  33,6259(1939) 

Nitronitranilinoethanols,  (02  N)C6H4-N(N02  )- 
CjH4OH,  raw  227.18,  N 18.50%  — not  found  in  Beil 

Nitroanilino ethanol  Nitrates,  (02N)C6H4*NH*- 
C2H4*0N02  — not  found  in  Beil 

Nitronitranilino  ethanol  Nitrate,  (02N)C6H4— 
N(N0j  )-C2  H4*  ONOj  — not  found  in  Beil 

2— (2* , 4 1 -Dinitro anilino)- ethanol;  N-(2,4- 
Dinitrophenyletbanolamine;  2,4-Dinitro- 
pbenylaminoethanol ; 2-4’Dinitro-bydroxy- 
etkylaniline  or  2,4-Dinitro-l-( (3-hydroxy- 
ethyl)-aminobenzene;  (02N)2  C6H,*NH*CH2  ~ 
CHa*0H,  mw  227.18,  N 18.50%.  Orange- 
yel  crysts,  mp  89.92°.  Was  prepd  by  Moran 
(Ref  2)  from  2,4-dinitrochlorobenzene  and 
aminoethanol.  This  method  is  described  by 
Clark(Ref  3)*  Other  methods  of  prepn  are 
described  in  Refs  4 & 5.  On  nitration  this 
compd  yields  the  highly  explosive  2- 
(2', 4*  ,6*  -trinitro-N-nitrani!ino)-ethanol  ni- 
trate, designated  as  Pentryl(See  p A425) 

Refs:  l)Beil  — not  found  2)R.C. Moran, 

USP  560,427(1925)  3)L.R.V.Clark,IEC  25, 
1385(1933)  4)P.  van  Romburgh  & C.W.Zahn, 
Rec  57,444(1938)  5)K.F.Waldkotter,  Ibid, 
1295(1938)  6)J.C.Crawhall  & D.F.EIliott, 
Biochem  61,264(1955)  & CA  50,2694(1956) 

(A  new  method  of  prepn  of  2, 4-dinitro phenyl 
derivs  of  amino  alcohols,  among  them  amino- 
ethanols) 
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Dinitroanilino ethanol  Nitrate , (02N)2  C5  H,NH- 
CH2*CH20N02,  raw  272.18,  N 20.59%  - not 
found  in  Beil  and  CA  through  1956 

Dinitronitranilinoethanol , (02  N)2  C6H2*N(N02)- 
CH2  -CH2  OH,  mw  272.18,  N 20.59%  — not . 
found  in  Beil  and  CA  through  1956 
Dinitronitranilinoethanol  Nitrate,  (02N)3  — 
CsHs-N(N02)-CH2.CH2(0N02  ),  mw  317.18, 

N 22.08%  — not  found  in  Beil  or  CA  through 
1956 

2-(2\4'  .6'  - Trinitroanilino)- ethanol ; 2,4,6 - 
T rinitrophenylamino ethanol ; 2,4,6-T rinitro- 
hydroxyetkylaniline;  Hydroxy ethylpicramide 
or  2,4,6'Trinitro- 1-(  (3-hydroxyethylamino)- 
benzene,  (02  N)2CeH2  -NH-CH2  -CH2  -OH,  mw 
272.18,  N 20.59%.  Yel  ndls,  mp  109-10°, 
insol  in  eth  & petr  eth,  si  sol  in  w.  Can  be 
prepd  by  the  interaction  of  picryl  chloride 
and  aminoethanol.  When  nitrated  it  gives 
expl  Pentrylfsee  below) 

Refs:  l)Beil  — not  found  2)P.van  Rom- 

burgh  & C.W.Zahn.Rec  57,444(1938) 
3)K.F.Waldkotter,  ibid,  1297(1938) 

2-(2'  ,4'  ,6*  -TRINITRO-N-NITRANILINO)- 
ETHANOL  NITRATE;  2-(N,2,4,6-Tetrani- 
troanil lno)-ethanoi  Nitrate;  2,4,6-Trinitro- 
l-(@  -nitroxyethy  Initramino  y benzene;  sym- 
TrinitTOphenylnitraminoethyl  Nitrate;  N • 
(2,4,6~TrinitrophenyiyN~nitTO-fi-<2minoethyl 
Nitrate;  {5-(2,4,6-Trinitrophenylnitrammoy 
ethyl  Nitrate  or  Trinitrophenylethanolnitra- 
mine  Nitrate , designated  as  Pentryl[Aio/e; 
According  to  A. Stettbacher, Protar  8,91 
(1942),  the  word  * ’Pen  try  1’ ' has  been  used 
to  designate  mixts  of  PETN  and  TNT, 
known  also  as  pentolites],  (02N)jC6H2 -- 
N(N02  )*CH2  • CH2  (ONOj ),  mw  362.18,  N 
23.22%,  OB  to  C02  -35.3%,  OB  to  CO  0%. 
Small  cream-colored  crysts,  d 1.82(absoi), 
d 1.73(maxim  by  compression),  d 0.45 
(apparent),  d 0.74(compressed  in  detonators 
at  3400  psi  = 239  kg(cm2);  rap  126-9°(with 
si  decompn);  expl  at  235°  when  heated  at 
the  rate  20° /min  from  100°  on(Ref  6);  ig- 
nites in  1.5  sec  at  270— 80°(Ref  8a).  Was 
first  prepd  in  1925  by  Moran(Ref  2)  by 


nitrating  2,4-dinitrophenylaminoethanoI  with 
mixed  nitric-sulfuric  acid.  E.von  Herz(Ref  3) 
prepd  pentryl  by  nitrating  phenylami noethanol, 
and  patents  were  granted  for  its  use  as  an 
explos  ive 

Clark(Ref  4)  gives  the  following  method  for 
the  prepn  of  pentryl:  a)Dissolve,  with  stir- 

ring, lOOg  of  2,4-dinitroanilinoethanol  in 
lOOOg  of  95%  sulfuric  acid  maintained  at 
20—30°  by  a cold  water  jacket,  and  pour  this 
soln  gradually  over  a period  of  12—15  mins 
into  stirred  nitric  acid(47°Be  = d 1.48  = 86% 
HNOs),  also  maintained  at  20— 30° • b)Con- 

tinue  stirring  for  30  mins  at  30°  then  slowly 
raise  the  temp  to  40°  and  maintain  at  this 
temp  for  30  mins  c)At  the  end  of  this  sec- 
ond 30-min  period  raise  the  temp  to  50°  and 
hold  at  this  temp  for  30  mins  d)Drown  the 
mixt  in  a large  amt  of  ice  water  and  separate 
the  resulting  ppt  of  pentryl  by  filtration 

e) Rinse  the  ppt  on  the  fi  Iter,  first  with  cold 
water,  then  with  cold  dilute  Na  carbonate 
soln  and  finally  with  water  (yield  of  the 
crude  product  is  ca  90%  of  theoretical) 

f) Dry  the  product  and  purify  it  by  recrystalli- 
zation from  benzene.  A melting  point  of  128° 
was  reported  for  the  product 

Waldkotter(Ref  7)  prepd  pentryl  from  the 
same  ingredients  as  Clark  and  reported  a mp 
of  129°.  Desseigne(Ref  10)  gives  detailed 
description  for  the  prepn  of  pentryl  starting 
with  the  condensation  of  dinitrochloroben- 
zene  and  monoethanolamine,  followed  by 
nitration  of  the  resulting  product  with  mixed 
nitric-sulfuric  acid.  Pentryl  was  also  prepd 
and  investigated  in  Russia(Ref  5) 

The  explosive  props  of  pentryl  were  detnd 
by  Clark(Ref  4)  at  the  USBurMines  and  by 
L.Medard(Ref  9)  for  the  ’'Commission  des 
Substances  Explosives.’*  Some  of  these 
props  are  also  listed  by  Desseigne(Ref  10). 

A few  props  were  detnd  by  van  Romburgh 
(Ref  6).  A brief  description  of  pentryl  is 
given  by  Davis  (Ref  8) 

Following  are  the  properties  of  pentryl 
taken  from  various  sources: 

Action  of  Light.  See  Light,  Action  of 
Ballistic  Mortar  Test.  See  Power,  by  Ballis- 
tic Mortar 
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Behavior  Toward  Flame.  Whether  confined 
or  not,  pentryl  burns  when  ignited  with  a 
brilliant  white  flame  without  detonating. 

The  same  thing  happens  when  pentryl  is 
compressed  at  high  pressure  and  confined 
in  a detonator  cap  and  then  ignited  by  the 
spit  of  a fuse(Ref  4,p  1386) 

Brisance  by  Fragmentation  Test.  When 
using  a malleable  iron  grenade  container 
with  a 16. 5g  sample  of  explosive,  the  bris- 
ance was  found  to  be  greater  than  that  of 
TNT  and  somewhat  greater  than  that  of  PA 
(Ref  4,p  1390) 

Brisance  by  Lead  Block  Compression 
(Crushing)  Test.  When  using  the  procedure 
described  in  the  USBurMines  Bull  346(1931), 
the  compressions  of  64. Og  samples  weigh- 
ing 50. Og  and  of  density  0.75  were:  14.8  mm 
for,  TNT(100%),  18.5  mm  for  Pentryl (1 25%) 
and  16.4  mm  for  PA(111%)  (Ref  4,p  1389) 

(See  also  Ref  8a).  This  test  serves  also  as 
a measure  of  percussive  force  of  expls 

Brisance  by  Lead  Plate  Cutting  Test.  When 
using  the  proc  described  in  ChemMetEngrg 
26,1126-32(1922)  and  exploding  a sample 
compressed  at  2320  psi(l63.1  kg/cm2),  pentryl 
cuts  a hole  in  the  plate  equal  in  size  to  that 
made  by  tetryl  and  slightly  larger  than  PA  or 
TNT(Ref  4,pp  1387-8)  (See  also  Ref  8a) 

Brisance  by  Sand  Bomb  TestfSand  Crushing 
Test).  When  a No  2 USBurMines  bomb  was 
used  with  0.50g  samples  compressed  in  a 
No  8 detonator  shell  at  3400  psi(239.0 
kg/cm 2)  and  initiated  by  0.30g  of  MF(com- 
pressed  at  3400  psi),  the  amt  of  sand 
crushed  by  pentryl  alone(after  deducting  ca 
11. 5g  crushed  by  0.30g  MF)  was  56. Og 
(129%)  vs  43.6g(100%)  for  TNT,  54.2g(124%) 
for  tetryl  and  45.3g(104%)  for  PA(Ref  4, 
p 1387)  (See  also  Ref  8a).  The  bomb  and  pro- 
cedure are  described  in  IEC  25,664—5(1925) 
Note:  Some  authorities  believe  that  the 
sand  test  measures  the  strength  of  an  ex- 
plosive 

Compressibility . When  subjected  to  a pres- 
sure of  2500  kg/cm2,  pentryl  attained  a 


density  of  1.73*  At  a pressure  of  400  kg/cm1 
its  d was  ca  1.5,  at  1000  ca  1.63,  at  1500 
ca  1.68  and  at  2000  ca  1.70(Ref  9,P  52) 
Dead-Pressing.  Clark  subjected  pentryl  to 
pressures  as  high  as  5830  psi  (409.8  kg/cm2) 
and  observed  no  dead-pressing(Ref  4,p  1387); 
Medard  used  pressures  as  high  as  2500  kg/ 
cm2  and  reported  no  dead-pressing(Ref  9, 
pp  51-2) 

Detonation  Equations.  When  pentryl  is  deto- 
nated in  the  absence  of  oxygen(or  air),  it 
does  so  approximately  as  indicated  in  the 
following  reaction:  C#HeN6Oll-»8CO+3HJ  0+3Na . 
When  sufficient  oxygen  is  present  the  reac- 
tion may  be  represented  by:  CaH6N6011+40J-» 
8COj+3H2  0+3N2 

If  K chlorate  is  used  as  the  oxidizer,  47.4 
parts  of  it  are  required  for  52.6  parts  of 
pentryl  to  give  0 % oxygen  balance  to  COa  . 
This  mixt,  however,  did  not  give  a high  bris- 
ance(by  the  sand  test)  and  it  is  better  to  use 
a smaller  amt  of  K chlorate.  For  instance,  a 
mixt  consisting  of  20  p K chlorate  and  80  p 
pentryl  gives  about  a 2%  higher  sand  test 
value  than  the  corresponding  amt  of  straight 
pentryl(Ref  4,p  1387) 

Detonation  Velocity(Rate  of  Detonation). 

When  using  the  Mectagang  method  as  de- 
scribed in  USBurMines  Bull  346(1931),  the 
average  velocity  for  a sample  compressed 
to  d 0.80  in  a light  lead  tube  over  0.5  m 
long  and  0.5"(l-27  cm)  id  was  5000  m/sec 
vs  4450  m/sec  for  TNT  compressed  to  d 
0.90(Ref  4,p  1389) 

Note:  The  above  velocities  are  not  maximum 
because  low  densities  were  used.  The 
Hercules  Powder  Co  reported  5254  m/sec 
for  a sample  confined  at  d 1.0  in  a 146" 
glass  tube(Ref  8a).  Medard(Ref  9,p  51)  re- 
ported the  vel  of  deton  detnd  by  the  method 
of  Dautriche  for  samples  packed  in  card- 
board cartridges  of  30  mm  diam  and  initiated 
by  1.5g  MF,  as  5330  m/s ec  at  d 0.90,  5560 
at  d 0.99  and  7340  at  d 1.65 . In  another  ser- 
ies of  tests,  in  which  samples  were  initiated 
by  MF  and  a PA  booster,  Medard  reported 
(Ref  9,p  52):  6220  m/sec  at  d 1.20,  7020  at 
1.40  and  7180  at  1.56.  Desseigne(Ref  10,p  26) 
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reported  7300  m /sec  at  d 1.60  vs  7100  for 
PA 

Drop  Test.  See  Impact  Sensitivity  Test 
Effect  of  Pressure  on  Performance  in  Deto- 
nators. See  Pressure  Effect,  etc 

Explosionfor  Ignition)  Temperature.  When 
0.02g  charges  of  pentryl  were  dropped  on 
molten  Wood's  metal  preheated  to  various 
temps,  no  expin  or  ignition  took  place  at 
233°(5  trials),  but  at  235°  the  sample  ig- 
nited in  3 secs  after  it  touched  the  hot  sur- 
face. The  same  time  interval  was  observed 
at  240°,  while  at  250°  it  was  2 secs,  at 
260°  1.5  to  2 secs  and  at  270—280°  1.5  secs 
(Ref  4,p  1389) 

Note:  According  to  van  Romburgh(Ref  6), 
pentryl  exploded  at  230°  when  heated  from 
10CP  at  the  rate  of  20°/min 

Flame  Action.  See  Behavior  Toward  Flame 

Fragmentation  Test.  See  Brisance  by  Frag- 
mentation Test 

Friction  Sensitivity.  When  using  a Type  A 
"Pendulum  Friction  Device"  with  a steel 
shoe  and  the  procedure  described  in  USBur 

Wines  Bull  346(1931)  s^d  in  1EC  25,664— 5 

(1925),  pentryl  proved  to  be  somewhat  more 
sensitive  to  friction  than  tetryl  and  very 
much  more  sensitive  than  PA  or  TNT(Ref  4, 
p 1386) 

Gap  Tes/(Propagation  Test  or  Sympathetic 
Detonation  Test).  In  order  to  ascertain  the 
relative  ability  of  the  disturbance  sent  out  by 
the  explosion  of  a shielded  detonator 
charged  with  pentryl  as  the  base  charge 
to  transfer  deton  over  an  air  gap  to  a re- 
ceiving charge  of  an  explos ive(such  as 
dynamite),  Clark  used  the  same  method  as 
he  described  for  DDNP  in  IEC  25,668(1933) 
When  a shielded  detonator  contg  a base 
charge  of  pentryl(0.50g)  and  a priming 
charge  of  MF(0.20g)  (reinforced)  was  fired 
in  a galvanized  tube,  it  propagated  deton 
to  a charge  of  40%  straight  dynamite  located 
at  a distance  of  54  ft(16.5  m).  This  distance 
is  37%  greater  than  that  required  for  the 


Commercial  No  8 tetryl  detonators  and  about 
4 times  greater  than  that  for  a No  8 (80/20— 
MF/K  chlorate)  detonator(Ref  4,pp  1389-90) 

Heat  of  Com  bust  ion,  Q *(calcd)  911.1  keal/mol 
Heat  of  Explosion,  (ealed)  372.4  keal/mol 

Heat  of  Formation,  Qj (ealed  from  above  heat 

of  combustion)  43.4  kcaI/mol(Ref  12) 

Ignition  Temperature.  See  Explosion(or  Igni- 
tion) Temperature 

Impact  Sensitivity  Tesr(Drop  Test).  When 
using  the  "Small  Impact  Device,’ ' described 
in  USBurMines  Bull  346(1931)  and  in  IEC  25, 
664— 5(1925),  the  following  max  heights  of 
drop  in  cm  for  a 2-kg  hammer  to  produce  "no 
explosion"  in  5 trials  were  obtained:  pentryl 
30,  tetryl  27.5  and  TNT  100+ . These  tests 
show  that  the  sensitivity  to  impact  of  pentryl 
is  si  less  than  that  of  tetryl  but  considerably 
greater  than  that  of  TNT(Ref  4,p  1386). 

(Ref  8a)  gives  FI(figure  of  insensitiveness) 
61%  PA.  Medard(Ref  9)  reported  that  a 5'kg 
hammer  falling  from  a height  of  0.26  m 
(energy  1.30  kg  m)  on  a sample  of  pentryl 
placed  in  a Bourges  cap  produced  56  explns  . 
out  of  100  trials,  while  a 2-kg  hammer  fall- 
ing from  a height  of  0.75  m(energy  1.50  kg  m) 
produced  50  explns  out  of  100  as  against 
1.05  m(energy  2.10  kg-m)  for  tetryl  . Des- 
seigne(Ref  10, p 263)  reported  that  PA  re- 
quired 5-0  kg  m energy(more  than  three  times 
that  for  Pentryl)  for  50%  detonations 

Initiation,  Sensitivity  *o(Sensitivity  to  Deto- 
nation by  Initiating  Agents).  This  may  be 
expressed  in  terms  of  the  minimum  wt  of  an 
initiating  agent  which  causes  complete 
deton  of  an  explosive  used  as  a base  charge. 
Complete  deton  is  indicated  when  there  is 
no  further  increase  of  sand  crushed  in  the 
BurMines  No  2 "sand  bomb  test"  wirh  an 
increased  wt  of  initiator(except  that  result- 
ing from  the  additional  wt  of  the  initiator 
itself).  This  proc  is  described  in  USBur 
Mines  Tech  Paper  125(1916)  and  Repc  In- 
vest 2558(1923) 
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Following  are  minimum  amts  of  two  pri- 
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deton  of  G.50g  of  pentryl  loaded  as  a base 
charge  into  a No  8 detonator  case  and  com- 
pressed at  3400  psi(239.0  kg/cm1):  0.l50g 
of  MF  & 0.025g  of  LA.  The  corresponding 


values  for  PA  are  0.225  & 0.12,  for  iNT  - 
0.240  & 0.16  and  for  tetryl-0.165  & 0.03g 


The  above  values  indicate  that  the  sensi- 
tivity of  pentrvl  to  detonation  is  similar  to 
that  of  tetryl  and  greater  than  that  of  TNT 
and  PA(Ref  4,  p 1387) 

Medard(Ref  9)  reported  that  0.20g  of  MF 
assures  complete  detonation  of  pentryl  at 
d's  1.50  to  1.65  and  that  0.25g  is  recurred 
at  d 1.73 


pentryl  15.8cc(130%),  TNT  12.2(100),  tetryl 
U omu  PA  1?  AnnA\  and  8 n/?n  nentrvl/K" 

■*  -■  — » v w ~ r / — 

chlorate  l6.2cc(133%)  (Ref  4,p  1388).  Blatt 
(Ref  8a)  gives  145%  PA 

Pressure  Effect  on  Performance  in  Detonators . 
Results  of  the  ’’Lead  Plate  Test,’’  described 
in  ChemMetEngrg  26,1126—32(1922),  indicated 
that  excellent  penetrations  of  the  plate  are 
obtained  when  pentryl  is  compressed  at  ca 
2320  psi  (163. 1 kg/cm2)  and  that  increasing 
the  pressure  to  5830  psi(409.8  kg/cm2)  has  no 
significant  effect.  When  tested  by  the  "Sand 
Bomb  Test,'  ’ pentryl  showed  nearly  the  same 
performance  at  pressures  from  1160  to  5830 
psi(81.5  to  409.8  kg/cm2).  In  these  series  of 
tests  the  amt  of  sand  crushed  was  56.4±0.6p 
(Ref  4,p  1386) 
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See  Brisance  by  Lead  Block  Compression 
(Crushing)  Test 

Lead  Block  Expansion  Test . See  Power  by 
Trauzl  Test 

Lead  Cylinder  Compression  Test.  Same  as 
Lead  Block  Compress ion(Crushing)  Test 

Lead  Plate  Cutting  Test.  See  Brisance  by 
Lead  Plate  Cutting  Test 

Light,  Action  of.  Slight  decoloration  after 
exnnsure  to  liphr  for  several  monthsfRef  4. 

I ~ * O \ -x 

P 1388) 

Percussive  Force.  See  Brisance  by  Lead 
Block  Compre ssion(Crushing)  Test 

Pouer  by  Ballistic  Mortar  Test.  Was  detnd 
at  the  USBurMines  as  133%  of  TNT  and  by 
the  Hercules  Powder  Co  as  84%  of  blast- 
ing gelatin(Ref  8a) 

Ponetfor  Strength ) by  Trauzl  Test( Lead 
Block  Expansion  Test).  This  test  is  sup- 
posed to  represent  the  comparative  ’’dis- 
ruptive power  1 ' of  explosives.  When  using 
lg  samples  and  a small  lead  block  and  the 
nf  fjn rp  described  in  tlic  nSBurNiin^s 
Bull  346(1931),  the  following  values  for  ex- 
pansion erf  the  cavity  in  the  block(in  cc) 
and  for  relative  strengths  were  obtained: 


Propagation  Test.  See  Gap  Test 

Rate  of  Detonation.  See  Detonation  Velocity 

r»_.  1 n _ . . f _ t . p n_! - 1 J n .„L 

oujia  Dum v 1 eari«  occ  ofisamc  uy  oauu  duiuu 

Test 

Sensiiiviiy  io  Detonation  by  iniiiuiing  Agents. 
See  Initiation,  Sensitivity  to 

Svri  Sit  iVliy  io  FflCiiOfi ♦ See  riiCtXGu  Sensitivity 
Sensitivity  to  Impact.  See  Impact  Sensitivity 


Sensitivity  to  Initiation.  See  Initiation,  Sensi- 
tivity to 

Solubility  of  Pentryl 

(grams/ 100  grams  of  solvent X Ref  4,p  1386) 

Solvent 

25°C 

50°  C 

Benzene 

0.70 

v sol 

Carbon  tetrachloride 

trace 

trace 

Chloroform 

0.07 

A a/ 

v.zo 

Ethanol 

0.11 

0.48 

"Ether 

0.16 

- 

Ethylene  dichloride 

r.  -to 

vr*  t ^ 

0 /Co 

4 *V/U 

Methanol 

0.67 

2.14 

Nitroglycerin 

v sol 

v sol 

Toluene 

0.63 

1.70 

Water 

trace 

trace 
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Specific  WoM  (Travail  Specifique,  in  French). 
Medard(Ref  9,p  51)  report— 124  vs  100  for 
PA  and'Desseigne(Ref  103p  263)  gave  126 
vs  100  for  PA  and  114  for  tecryl 
Stability,  Thermal . When  detnd  by  the  75° 
International  Heat  Test,  described  in  USBur 
Mines  Bull  96(1916)— no  loss  of  wt  in  48  hrs. 
When  the  temp  was  raised  to  120°,  red  fumes 
(nitrogen  oxides)  appeared  in  4 hrs(Ref  4, 

P 1388)  (See  also  Ref  8a) 

Storage  under  Distilled  Water  for  15  days  at 
RT  resulted  in  no  loss  of  brisance  and 
strength,  as  detnd  by  the  "sand  bomb  test.’  ’ 
No  decompn  took  place  and  the  water  re- 
mained neutral(Ref  4,pp  1387—8) 

Strength.  See  Power  by  Trauzl  Test  and 
Brisance  by  Sand  Bomb  Test 
Surveillance  Test  at  75°.  Slight  decomposi- 
tion accompanied  by  a change  of  color  from 
cream  to  yellow  and  a lowering  of  the  rap 
from  128°  to  127.5°  took  place  after  40  days, 
but  this  did  not  affect  its  strength  and  bris- 
ance as  detnd  by  the  "sand  bomb  test'’ 

(Ref  4,p  1388) 

Sympathetic  Detonation  Test . See  Gap  Test 
Thermal  Stability.  See  Stability,  Thermal 

Toxicity.  According  to  Sax(Ref  11),  its  toxi- 
city is  unknown,  but  when  heated  to  decompn 
it  emits  highly  toxic  fumes  of  nitrogen  oxides. 
Hercules  Co  reported  that  it  causes  derma- 
tatis(Ref  8a) 

Trauzl  Test.  See  Power  (Strength)  by  Trauzl 
Test 

Velocity  of  Detonation.  See  Detonation  veloc- 
ity 

Work  Specific.  See  Specific  Work 
Uses.  Pentryl  was  proposed  for  use  as  a base 
charge  in  detonators  in  lieu  of  retry  1 or  nitro- 
mannite,  as  well  as  for  some  other  purposes 
either  alone  or  mixed  with  other  explosives. 
Addition  of  an  oxidizing  agent(such  as  K 
chlorate)  to  pentryl  greatly  enhances  its 
strength  and  is  recommended  by  Clark  as  of 
distinct  economic  advantage(Refs  3, 4, 5, 8, 
9,10  & 11) 


Refs : l)Beil  — not  found  2)R.C.Moran, 

USP  1,560,427(1925)  & CA  20,112(1926) 
3)E.von  Herz,BritP  367,713(1930)  & CA  27, 
2036(1933);  GerP  530,704(1930)  & CA  26, 
309(1932)  4)L.R.V.Clark,IEC  25,1385-90 
(1933)  5)M.S.Fishbein,Veyennaya  Khimiya 
(Russia)  1933, No  6,pp  3—8,  Chem  Ztr  1934, 
11,1074-5  & CA  29,7077(1935)  6)P.van 
Romburgh,ChemWeekbIad  31,728—9(1934)  & 

CA  29,3159(1935)  (review  of  props  of  some 
explosive  nitroamines  and  nitramines) 
7)K.F.Waldkbtter,  Rec  57,1296-8(1938)  & 

CA  33,1286-7(1939)  8)Davis(1943),  229-32 
8a)A.H.Blatt,OSRD  Rept  2014(1944),  under 
/3-(2,4,6-Trinitrophenylnitramino)-ethyl 
Nitrate  8b)A.D. Little, Inc,  Report  on  the 
Study  of  Pure  Explosive  Compounds,  v 4 
(1952), p 586(C)  (not  used)  9)L.Medard, 

MP  33,51— 2(  1953)  & CA  47,5685(1953) 
10)G.Desseigne,MP  33,255-64(1953)  & CA 
47,10229(1953)  ll)Sax(1957),1223-4 
(Trinitrophenylnitramine  Ethyl  Nitrate) 
12)C.G.Dunkie,PicArsn , Dover, N.J.;  private 
communication 

Note:  No  higher  nitrated  derivs  of  anilino- 
ethanol  were  found  in  Beil  or  CA  through  1956 

Pentryl  Homologs.  A series  of  explosive 
compds  related  to  pentryl  were  prepd  by  den 
Otter(Ref  2)  by  nitrating  the  products  of  reac- 
tion obtained  by  reacting  l-amino-2,3- 
propanediol  or  2-amino- 1,3 -propanediol  with 
dinitrochlorobenzene,  dinitrodich lorobenzene 
or  dinitrochloronaphthalene.  Most  of  these 
compds  are  listed  in  this  work  separately. 
Waldkotter(Ref  3)  prepd  a series  of  compds, 
some  of  them  explosive,  obtained  by  nitrat- 
ing the  products  of  the  interaction  of  hy- 
droxy e thy  lamine  with  halo-benzene.  Kremer 
& Meltsner(Ref  4)  prepd  a number  of  chloro- 
nitroanilino-  and  chloraminoaniline  alkanols, 
intermediates  of  pentryl  homologs 
Refs:  l)Beil  — not  found  2)H.P.den  Otter, 

Rec  57,17-24(1938)  & CA  32,3354(1938) 
3)K.F.Waldkotter,Rec  57,1296-8(1938)  & 

CA  33,1286-7(1939)  4)C.B.Kremer  & M. 
MeltsnerJACS  64,1285-6(1942)  & CA  36, 
4490(1942) 
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ANILINOETHANOL,  HALOGEN 
DERIVATIVES 

Halo-nitro-anilinoetkanols;  Halo-nitro-l-($. 
hydroxyethylaminoybenzene , or  Halo-nitro- 
phenylaminoetbanols  were  prepd  and  exam- 
ined  by  K.F.Waldkotter, Rec  57,1298-1310 
(1938).  Among  these  compds,  the  hcdo- 
dinitro-N-nitrani  lino  ethanol  nitrates  of 
general  formula  (03N)2-C6H2(X)«N(N02>- 
CH2  «CHj (0N02 ) (where  X is  a halogen) 
proved  to  be  explosive.  They  can  be  prepd 
by  nitrating  either  halo-nitro-l-(^3  hydroxy- 
ethy!amino)-benzene  or  haIo-dinitro-l-(/S- 
hydroxyethyIamino)-benzene  with  absol 
nitric  acid  at  -10  to  -15°.  Some  dtbalo - 
nitro-N-nitranilinoethanol  nitrates, 

(02 N)C,Ha(Xa  )-N(N02  >CH2  -CH2(0N02 ), 
are  also  explosive  but  much  weaker  than 
the  corresponding  dinitro-compounds 

2-(4'  - Chloro-2 ' -ni tr o an i lino)- ethanol  and 
2-(5l  - Chloro-2 ' -nitroanilino)- ethanol, 

(03 N)C6Hj(CI)-NH-CH2  *CH2 OH,  N 12.93%, 
orange  crysts,  mp  107-107.5°  and  116° 
resp,  were  prepd  and  examined  by  K.F. 
Waldkotter,Rec  57,1298  & 1302(1938)  and 
by  C.B.Kremer  & M.Meitsner,JACS  64, 
1285(1942) 

2-(3'  - Chloro-2 * -nitroanilino )-ethanol  and 
2-(6 ‘ - Chloro-4 1 -nitroanilino )-ethanol, 
crysts,  mps  78.5°  and  120°  resp,  and  2- 
(6'  - Chloro-2 ' - nitroanilinohethanol , oil, 
bp  155-7°  at  2 mm,  were  prepd  and  exam- 
ined by  C.B.Kremer  & M.Meitsner,  JACS 
64,1285  0 942) 

2- (4*  -Bromo-2'  -nitroanilino)-etbanol  and 
2-(5'  -Bromo— 2*  * Bromo-2 ' -nitroanilino  h 
ethanol , (Oa  N)-C6H3(Br>NH.CH3  -CH2  OH, 
orange  and  yel  crysts,  mps  106°  and  126°, 
resp,  were  prepd  and  examined  by  K.F. 
Waldkbtter,Rec  57,1300  & 1304(1938) 

2-(4'  ,6'  - Dichloro-2 * -nitroanilino  )-ethanol, 
(03N)C6H2(Cl2)-NH-CH2.CH2OH,  N 11.16% 
orange-red  ndls,  mp  51°,  was  prepd  and 
examined  by  K.F.Waldkbtter,Rec  57, 
1307-8(1938) 


2-(4'  ,6*  -Dibromo-2'  -nitroanilino)-ethanol, 
(02N)C6H2(Br3  )»NH‘CH2  *CH2  OH,  N 8.02%, 
orange-red  ndls,  mp  71°,  was  prepd  and 
examined  by  K.F.Waldkotter,  Rec  57,1309 
(1938) 

2-(4 1 - Chloro-2 ’ ,6*  - dinitroanilino)- ethanol 
and  2-(y  - Chloro-2 1 ,6*  -dinitro  anilino)-ethanol , 

(02 N)2 C6H2 (C 1 ).NH.CH2  -CH2  oh,  N 16.06%, 
orange  and  yel  ndls,  mp  102°  and  132°  resp, 
were  prepd  and  examined  by  K.F.Waldkotter, 

Rec  57,1299  & 1303(1938).  The  5'-chloro 
deriv  seems  to  exist  in  two  modifications, 
mps  132°  and  116° 

2-(4 ' -Bromo-2'  .6'  -dinitroanilino )-etkanol, 
(02N)2C6H2(Br)-NH.CH2-CH2CH,  N 13.72%, 
orange  ndls,  mp  114°,  was  prepd  and  exam- 
ined by  K.F.Waldkotter,  Rec  57,1301(1938) 

2-(4*  ,6*  - Dichloro-2 * -nitro-N-nitranilino)- 
ethanol  Nitrate,  (02 N)C5H2  (Cl2  )-N(NOa  )•- 
CHj  *CH2  (ONOj  ),  N 16.42%.  Nearly  col  crysts, 
mp—  decomp  at  187°  and  inflames  at  305°. 

It  is  a weak  explosive.  Was  prepd  and  exam- 
ined by  K.F.Waldkotter, Rec  57,1307-8(1938) 

2-(4'  ,6'  -Dibromo-2'  -nitro-N-nitranilino- ethanol 
Nitrate , (02N)C6H2(Br2  >N(N03  ).CH3  .CH2(0N02 ), 
N 13.02%.  Pale  yel  crysts,  mp  69°,  decomp  at 
178°  and  inflames  at  305°.  It  is  a weak  explo- 
sive. Was  prepd  and  examined  by  K.F.Wald- 
kotter, Rec  57,1309(1938) 

2-(4'  -Chloro-2',  6'  - dinitro-N-nitranilino)-ethanol 
Nitrate,  (02  N)2  C6H2  (Cl)-N(NOa  >CH2  -CH2  (0N02  ). 
N 19.91%.  Yel  crysts,  mp  90—92°.  Seems  to 
exist  in  a modification  which  melts  at  81°,  de- 
comp at  105°  and  inflames  at  296°.  It  is  an 
explosive.  Sol  in  chlf,  insol  in  w,  si  sol  in 
eth  and  very  sol  in  petr  eth.  Can  be  prepd  by 
nitrating  2-(4'  -chloro-2*  -nitroaniljno)-ethanoi 
with  absol  nitric  acid  at  -15° 

Re/s:  l)Beil  - not  found  2 )K.F.Waldkor ter, 

Rec  57,1299(1938) 

2-(y  - Chloro-2 1 ,4'  -dinitro- N-nitranilino)- 
ethanol  Nitrate,  (OaN)2  C,H2  (Cl)*N(NOa  )-CHa 
CH2(0N02),  N 19.91%.  Yel  crysts,  mp—  decomp 
at  180°  and  inflames  at  253°;  insol  in  w,  very 
si  sol  in  petr  eth,  si  sol  in  etn  and  sol  in  chlf. 
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It  is  an  explosive.  Can  be  prepd  by  nitrating 
either  2-(5'  -ch loro-2'  -nitro-anilino)-ethanol 
or  2-(5*  -chIoro-2'  ,4'  -dinitro-anilino)-ethanol 
with  absolute  nitric  acid  at  — 10° 

Refs:  l)Beil  — not  found  2)K.F.WaIdkotter, 

Rec  57,1302-3(1938) 

2-(4'  -Bromo-2'  ,6'  -dinitro-N -nit rcmi lino)- etha- 
nol Nitrate,  (Oa  N)a  C6H2 (Br>  N(NOa  )•  CHa  • ~ 
CH2(0N02  ),  N 17.67%.  Col  crysts,  mp  95°, 
decomp  at  180°  and  inflames  at  256°;  insol 
in  w & petr  eth,  si  sol  in  eth  and  sol  in  chlf. 

It  is  an  explosive.  Can  be  prepd  by  nitrating 
either  2-(4*  -bromo-2'  -nitro-anilino)-ethan ol 
or  2-(4'  -bromo-21  ,6*  -dinitro-anilino)-ethanol 
with  absol  nitric  acid  at  -15° 

Refs:  l)BeiI  — not  found  2)K.F.Waldkotter, 

Rec  57,1301(1938) 

2-{ 5'  - Bromo-2 ' ,4'  -diT7itro,-N-nitranilino)-Etba- 
nol  Nitrate,  (02  N)a  C6H2  (Br>N(NOa  )•  CHa 
CH2(0N02),  N 17.67%.  Nearly  col  crysts,  mp 
114°,  decomp  at  173°  and  inflames  at  262°; 
insol  in  w & petr  eth,  si  sol  in  eth  and  sol  in 
chlf.  It  is  an  explosive.  Can  be  prepd  by  ni- 
trating 2-(5’  -bromo-2'  -nitro-anilino)-ethanol 
with  absol  nitric  acid  at  —15° 

Refs:  l)Beil  — not  found  2)K.F.Waldkotter, 

Rec  57,1305(1938) 

ANILINOETHYL  AMINO  ETHANOL 
AND  DERIVATIVES 

Anilinoe thylaminoetbanol:  Anilinoe thy l ethanol- 
amine  or  N-(fi-Hydroxyethyl)-N'-phenyDl  ,2- 
di am inoe thane,  C6HS  ■ NH  -CH2  -CH2  -NH- 
CH2  *CH2  -OH,  may  be  considered  as  the 
parent  compd  of  derivs  described  below,  al- 
though they  were  not  prepd  from  it 

Anilinoethylaminoethanol,  Azido—,  C|0HiSNsO 
and  Diazido—,  Ci0H14N8O  Derivatives  were 
not  found  in  Beil  or  CA  through  1956 

Mononitroanilinoe  thylaminoetbanol , 

C10Hi5NjOj  was  not  found  in  Beil 

N-{2-(  2, 4~  D initroanilino  )-e  thy  /]- amino  ethanol 
or  N-{(. 3 HydroxyetbylyN'  -(2,4-dinitrophenyiy 
1 , 2~diaminoe thane , (02  N)a  C4H3*NH-CHa  *CHa  •” 
NH-CH2*CH2.OH,  mw  270.24,  N 20.73%,  OB 


to  C02  -130.3%.  Crysts,  mp  121-2°(from 
ale).  Was  prepd  in  75%  yield  by  the  conden- 
sation of  2,4-dinitrochloro benzene  with  /3- 
hydroxyethylethylenediamine,  as  described 

in  Ref  2.  Its  Qp  is  1342  kcal/mol(Ref  3) 
c 

Refs:  l)BeiI  — not  found  2)R.C. Elder- 

field,  OSRD  Rept  158(1941), 7 & 9-10(PBL 
Rept  31094)  3)A.D. Little, Inc,  "Report  on 

Study  of  Pure  Explosive  Compounds,1'  Pt 
4(1 952), 547 (Part  of  rept  is  unclassified) 

Af-[2-(2,4, 6-T  rinilroanilino  )-  ethyl-  am  inoe  tha- 
nol  Nitrate  or  N-(fi-Nitroxyetbyl)-N'  -(2,4,6- 
trinitrophenyl )~  1, 2-diaminoeth  one, 

(02  N)3C4H2  -NH-CH2  *CHa  • NH-C2  H4-0N02 , 
mw  360.24,  N 23.33%,  OB  to  C02  -75.5%. 

Was  not  found  in  Beil  and  CA  through  1956 
Note:  This  product  would  be  expected  to 
appear  on  nitration  of  the  above  dinitro 
deriv.  Instead,  an  indefinite  compd  was 
obtained  by  Elderfield,  as  reported  in  OSRD 
158,p  8,  and  the  work  was  abandoned 

ANILINOGUANIDINE 
AND  DERIVATIVES 

\ 

Anil  ino  guanidine  or  P henyl  amino  guanidine , 
C6HS  ♦ NH*NH*C(:NH)*NH2 , is  described  in 
Beil  15,290,(71)  & [106] 

Ani  lino  guanidine,  Azido — , C7H,N7  and  Di- 
azido—,  C7HBNl0  Derivatives  were  not  found 
in  Beil 

Anilinoguanidine  Nitrate,  C6HS  -NH*NH« 
C(:NH).NH2-HN03,  mw  213.20,  N 32.85%. 

Pink  crysts,  mp  178°.  Prepn  and  props  are 
given  in  Ref  2 

Refs:  l)Beil  — not  found  2)FX. Scott  et  al, 

JACS  75, 4053-4(1953). & CA  48,11395(1953) 

1- Anilino-3-nitroguanidine  or  1-P benylamino- 
3-nitroguanidine , C4HS  *NH-NH.  C(:NH)^NH* 
NOa , mw  195.18,  N 35.89%.  Wh  crysts,  mp 
164—172°.  Methods  of  prepn  are  described 
in  Refs  2—5 

Refs:  l)BeiI  — not  found  2)R.A.Henry, 

JACS  72,5344(1950)  & CA  46,6088(1952) 
3)F.L.Scott  et  al,  jApplChem(London)  2, 
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368(1952)  & CA  48,3354(1954)  4) F.L.Scott 
et  al.JACS  75,1296(1953)  & CA  48,5183(1954) 
5)L.Fishbein  & J.A.Gallaghan,JACS  76,1878 
(1954)  & CA  49,6838(1955) 

Note:  Isomers  called  Am  inop heny Ini tro guani- 
dines are  described  by  R.A.Henry,JACS  72, 
5344(1950)  & CA  46(6088(1952) 

N-Anili  no-N'  -nitre guanidine  or  1-Pbenyl- 
am  ino-l-nitroguctnidine , C4H5  .NH*NH* 
C(:NH>NH«N02,  raw  195.18,  N 35.89%.  Wh 
feathery  ndls(from  aq  ale),  mp  164°.  Was 
prepd  by  adding  0.65  nil  of  phenylhydrazine, 
C6Hs*NH*NHj,  to  a soln  of  lg  azidonitro- 
amidioe,N,*C(:NH)*NH-NOJ,  in  20  ml  of 
water  and  heating  the  resulting  mixt  at  60° 
for  about  10  mins  in  order  to  dissolve  all 
the  hydrazine.  A yel  ppt(mp  162°),  obtained 
in  cooling  the  soln,  was  purified  by  crystn 
from  aq  ale 

Re/s : l)Beil  — not  found  2)F.L. Scott  et 

al, J ApplChem  2,368  & 370(1952)  & CA  48, 
3354(1954) 

Dinitroanilinoguanidine , C7HgN604  and 
higher  nitrated  derivs  were  not  found  in 
Beil  or  CA  through  1956 


Anil  inohydroxymethyldihydroxypropane  and 
Derivatives.  See  Anilinotrimethylol  methane 
and  Derivatives 


Anil inohydroxymethyipropanediol  and 
Derivatives.  See  Anilinotrimethylolmethane 
and  Derivatives 


ANILINOINDAZOLE 
AND  DERIVATIVES 

Anilinoindazole,  CgHs  ■ NH«C7H5N2 , may  be 
considered  as  the  parent  compd  of  derivs 
described  below 

Anilinoindazole,  Azido—,  ClsHl0Ng  and 
Diazido— , ClsHgN,  Derivatives  were  not 
found  in  Beil 

Mononitroanilinoindazole , (02N)C6H4»NH  — 
CjHgNj  — not  found  in  Beil  or  CA  through  1956 

6-(2'  ,4'  mDinitroanilino)-ind  azole,  (02  N)2  C6Hj-“ 
NH-C7HBN2,  mw  299.24,  N 23.41%,  is  de- 
scribed in  Beil  25,317 

5. 7- Dinitro-6-anilino-indazole,  CgHs  • NH* 
C.,Hj(N02)2N2,  raw  299.24,  N 23.41%  is  de- 
scribed in  Beil  25,318 

6-(2* , 4 1 ,6f  - Trinitroanilinoi-indazole , called 
in  Ref  2 ’ 'Trinitrophenyl-B-l-Aminoindazol,’ ' 
(02  N)sC6H2  .NH.C7Hs  Na , mw  344.24,  N 
24.42%.  Orange  ndls(from  benz+alc),  mp 
240—50°(decomp).  Diff  sol  in  most  org  sol- 
vent s.  Was  prepd  by  treating  6-aminoindazole 
with  2-chloro-l,3,5"trinitro benzene  in  ale 
soln  and  in  the  presence  of  Na  acetate.  Its 
expl  props  were  not  examined 
Refs:  l)Beil  25,317  2)E.NoeIting,Ber  37, 

2582(1904) 

5,7’Dinitro-6*(2} . 4 1 ,6'  - trinitroanilinohinda - 
zole , (02N),C6H2  .NH-C7Hj(N02  )2N2 . This 
undoubtedly  explosive  compd  is  not  described 
in  Beil  or  CA  through  1956.  It  may  be  possi- 
ble to  prepare  it  by  careful  nitration  of  either 

5.7- dinitro-6-anilino-indazole  or  of  6-(2’  ,4’ , 

6'  -trinitroanilino)-indazole 

Note:  No  higher  nitrated  derivs  were  found  in 
Beil  or  CA  through  1956 

Anilinoisovalerianic  Acid.  See  under  Anilino- 
valerianic  Acids 

Anllinomethane  or  Phenyl  ami  nomethane.  See 

Methylaniline 

2-Anil  ino-2-m  ethoxy- 1, 3-propanediol.  See  2- 

Anilino-2-hydroxy  methyl-1, 3*di  hydro  xypro- 
pane 
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ANILINOMETHYLPROPANEDIOL 
AND  DERIVATIVES 


Note:  No  higher  nitrated  derivs  were  found 
in  Beil  or  CA  through  1956 


2- Anilino-2-metby  l- 1 , 3-propanediol  or  2- 
Pbenylamino-2-methyl- 1, 3-dibydroxy-propane, 
C6Hs  -NH-CfCH  jXCH2  OH)2  , may  be  con- 
sidered as  the  parent  compd  of  derivs 
listed  below: 


Anilinomethylpropanediol,  Azido—, 
CioHl4N4Oa  and  Di  azido,  C10H,,N702  - not 
found  in  Beil  or  CA  through  1956 

Nitroanilinometbylpropanediol,  C10HJ4N2O4 
- not  found  in  Beil  or  CA  through  1956 


2-f2*  ,4'  - Dinitroanilino)-2-metbyl- 1 ,3 - 
propanediol)  or  2-(2'  ,4'  • Dinitropberrylamino > 
2-meibyi-i,5’dibydroxy-propane,  called  by 
Elderfield  2, 4-Dinitropheny  1-bis  (hydroxy- 
methyl Vmprh  via  mi  n#».  ( O _ 

- - J -t  / l — 6--S 

C(CH,XCH2  0H)2 , mw  271.23,  N 15.49%, 

OB  to  C02  -120.9%.  Crysts(from  ale),  mp 
162—3°.  Was  obtained  in  35%  yield  by  the 
condensation  of  c h loro -2, 4-di nitrobenzene 
with  2-amino-2-methyipropanedioi  in  ale 
soln(Ref  2).  Its  QP  is  1266.9  keal/mol 

c 

Refs:  i)Beii  - not  found  2)R.C. Eider- 

field,  OSRD  Rept  158(1941), 7 & 9-10(PBL 

Rent  ^A.n  T Tn/-  "Ronnr, 

r-  “/  /-  — r . ~r-  *-**-’•'  | . 

on  Study  of  Pure  Explosive  Compounds,** 

Pt  4(1952), 546(Part  is  unclassified) 


2-(2'  ,4’  ,6’  ■Trlnltro-N-nltranilino)-2-«nethyl- 
1, 3-propanediol  Dinitrate  or  2-(2,,4',6'  - 
Trini*rophenyl-N-nitramino)-2*methyl-1,3- 
dlnltroxy  -propane,  called  by  Elderfield, 
2,4,6-Trinitrophenyl-(bishydroxy)-tertiary- 
butylnitramine  Dinitrate,  (02 N),C6H2 

\ \ /m  \ Ac  t o n 

m j2  )2  > UIW 


N 21.73%,  OB  to  C02  -37.2%,  OB  to  CO 
-1.77%.  Crysts,  mp  159°:  expl  on  heating 
in  a test  tube  above  the  mp  or  when  struck 
with  a hammer.  Was  obtained  in  45%  yield 
by  nitrating  the  above  dinitro  deriv  with 
mixed  nitric -sulfuric  acid,  as  described  in 
Ref  2,p  14.  Its  expl  props  were  not  reported 
Refs:  l)Beil  — not  found  2)R.C. Elderfield, 

OSRD  Rept  158(1941). 8 & 14(PBL  Rept 
31094)  3)A.H.  Blatt,OSRD  Rept  2014(1944) 


— not  found 


Anilinonaphthalene.  See  Phenylnaphthylamine 
or  Phenylaminonaphthalene 

N-Anilino-N'  -nltroguanidine  See  Anilino- 
guanidine 

ANILINOPHENOL  AND  DERIVATIVES 

Anilinophenol  or  Hy  droxy  diphenyl  amine , 
called  in  Beil  Oxy-diphenylamin,  C6H5NH- 
CeH4OH.  Several  isomers  are  described  in 
Beil  13,365,410,444,(131,150)  & [213  & 231] 

Anilinophenol,  Azido-,  C12H,0N40  and 
Diazido— , C12H8N70  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 

Mononitroanilinopbenols  or  Hydroxynitro- 

...  P ^ !T  M A A'*! 

uiprjvnyiujrtiTivSy  r^ioA^2  ’-'si  mw  -OV* 

N 12.71%.  Two  isomers  are  described  in 
Beil  13.421  & 444 

Dinitroanilinophenols  or  Hydroxy  dinitro  di- 

■h  //7*w  e H Tvl  D mnr  17^  7 7 

^12  ‘*9^^  3^5  ) 

N 15-27%.  Several  isomers  are  described  in 
Beil  13,365.444,(138.150)  & [169,216] 

Dinitronitroanilinophenols  or  Hydroxydini - 
tronitrodip  henylamines.  C.2H.N40,,  mw 
320.22,  N 17.50%.  Two  isomers  are  de- 
scribed by  G.Leandri,AnnChim(Rome)  40, 
620(1950)  & CA  46,929(1952) 

Trinitroanilinopkenols  or  By  droxy  trinitro- 
dipbenylamines,  called  in  Beil, 
Trinitrooxy-diphenylamine , CI2  H8N407, 
mw  320.22,  N 17.50%.  The  isomers  contg 
N02  groups  in  the  2,4,6-positions  are  called 
picTylamttiQph  snots  * Ssvsrs!  t n lino* 

phenols  are  described  in  Beil  13,365,411, 
425,445,(111,150,187)  & [217,231],  but  none 

of  them  seems  to  be  explosive 

T etranitroanilinophenols , C?2  H,N,  O*,  mw 
365-25,  N 19.18%  and  higher  nitrated  derivs 
were  not  found  in  Beil  or  CA  through  1956 

ANIUNOPH  ENYLT ET  R AZOL  E 
AND  DERIVATIVES 

5- Anilino-  1-phenyl- 1 ,2,3, 4-tetrazole , called 
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in  Ger,  l-Phenyliminophenyltetrazolon-(5 }- 
anil,  CjjHuNj  , raw  237.2 6,  N 29.52%.  Ndls 
(from  ale),  rap  162-3°,  decomp  >220°(Refs  1 
& 2),  leaflets,  mp  l59°(Ref  3),  ndls  mp  162° 
(Ref  4).  Was  prepd  in  1900  from  aminodiphenyi- 
guanidine  and  Na  nitrite  in  HCl(Refs  1 & 2). 
Other  methods  of  prepn  are  given  in  Refs  3 & 4 
Refs:  l)Beil  26,408  & [245]  2)M. Busch  & 

P. Bauer, Ber  33,1069(1900)  3 )R. Stolid,  Ber 
55,1292-3(1922)  & CA  16,3898(1922)  4)E. 
Oliveri-Mandala,Gazz  52,11,139(1922)  & CA  17, 
1642(1923) 

Anilinopbenyltetrazole,  Azido— , CI3Hl0N8  and 
Diazido— , C,jH9Ntl  Derivatives  were  not  found 
in  Beil  or  CA  through  1956 

Mononitroanilinophenyltetrazole , Cj,H10N6Oj  , 
mw  282.26,  N 29.78%;  Nitronitranilinopbenyl- 
tetrazole,  C,jHsN704,  mw  327.26,  N 29-96%; 
Dinitroanilinophenyltetrazole,  C13H9N704  and 
higher  nitrated  derivs  were  not  found  in  Beil 
or  CA  through  1956.  If  prepd,  some  would 
undoubtedly  be  explosive 

ANILINOPHTHALIMIDE 
AND  DERIVATIVES 

N-Anilinophthalimide  or  N-Phenyl-N*  ,N'  - 
phthalylhydrazine , C14Hl0N2  02  , is  described 
in  Beil  21,502,(388)  & [371] 

Amlinopktbalimide,  Azido— , C14H9N5  02  and 
Diazido  C14H8N802  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 

Mononitroanilinophtbalimide,  C14H9N304.  One 
isomer  is  described  in  Beil  21,  503  & (389) 

Dinitroanilinophthalimide , Ci4H8N408—  not 
found  in  Beil  or  CA  through  1956 
N-(2'  ,4'  - Diniiroanilino)~3~nitrophlhalimide  or  N- 
( 2 ' , 4 1 -Dinitrophenyl-3~nitropbthalyl)-bydrazine, 
CO 

(02N)2C6H3-HN.N^  /C6Hs(N02X  mw  373-24, 
CO 

N 18.77%.  Yel  erysts,  mp  249-50°.  Can  be 
prepd  by  the  interaction  of  2,4-dinitro-phenyl- 
hydrazide  with  3-nicrophthalic  acid 
Refs:  l)Bei  1 — not  found  2)J.Cerezo  & E. 

Olay,AnalesSocEspanQuim  32,1090(1934)  & 

CA  29,2932(1935) 


Dinitronitran  ilinonUrophtkalimide,  C14H6N6Ol0, 
mw  418.24,  N 20.10%;  Trinitroanilinonitro- 
phthalimide,  C t4H6N8O10,and  higher  nitrated 
derivs  were  not  found  in  Beil  or  CA  through 
1956.  If  prepd,  some  would  undoubtedly  be 
explosive 

Anil  (nop  rop  one  or  Phenylaminopropane.  See 

Propylaniline  I 

ANIL  INOP  ROP  AN  EDIOL  AND 
AND  DERIVATIVES 

Anilinopropanediol ; P kenylaminopropanediol 
or  Phenylaminodihydroocypropane , C9H13N02, 
exists  in  the  following  two  forms: 

1- Anilino-2, 3-propanediol;  3-Anilino-l,2- 
prop anediol;  y-Anilinop ropy lenegly col; 

3-P  henylamino-1 ,2-propanediol  or  1- 

P henylamino-2, 3-dihydroxy-propane.  Called 
in  Beil  [/S,  y-Dio  xyp  ropy  l]- an  ilia,  CSH5  - 
NH.CH2.CH(OH).CHj(OH).  Solid,  mp  52°, 
bp  249°  at  50  mm  (Refs  1 & 2),  bp  175-85° 
at  0.5  mm  (Ref  3).  Methods  for  its  prepn 
are  given  in  Refs  2 & 3.  On  nitration,  it 
gives  the  derivs  described  below 
Refs:  l)Beil  12,183  2)E. Bamberger  & 

M.Kitschek,  Ber  27, 3425(  1894)  3)R.C. 

Elderfield  et  al,  OSRD  Repc  No  158(1941)  & 
PBL  Rept  31,094, pp  22-3) 

2- Anilino- 1,3  - propanediol  or  2-P  henylamino- 
1,3-propanediol , C6HS . NH.CH(CH2OH)2-not 
found  in  Beil.  May  be  considered  as  the 
parent  comp  of  derivs  listed  below. 
Anilinopropanediol,  A zido-,  C9H12N402  and 
Diazido-,  C9YI,3A-l02Derivatives  were  not 
found  in  Beil  or  CA  through  1956 

1 -N itroanilino-2,3-propanediol,(01}3)C.iHA  - 
NH. CH2. CH(OH).  CH20 H— not  found  in  Beil 
or  CA  through  1956 

2- Nitroaniltno- 1 ,3  -propanediol,  (02N)C6H4.- 
NH.CH(CH2OH)2— not  found  in  Beil 

l-(2'  ,4’  -Dinitroanilino)-2, 3-prop  anediol; 

2\  4 ' -Dinitroanilino2, 3-propylene  glycol; 

3- (2 ' ,4'  -Dinitrophenylamino)-! ,2-prop  anediol 
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or  l-(2 ’ ,4*  -Dinitrophenylamino)-2, 3-dihydroxy- 
propane,  (O^jQHj.NH.CHj.CHtOHJ.CHjOH, 
mw  257.20,  N 16.34%.  Yel  solid,  mp  95*  insol 
in  w,  petr  eth,  ether,  chlf,  CC14  & benz,  sol 
in  ales,  AcOH  & benz.  Can  be  prepd  either 
by  boiling  an  ale  soln  of  3- amino- 1, 2-prop- 
anediol with  2,4-dinicrochlorobenzene  in  the 
presence  of  Na  acetate  (Ref  2)  or  by  nitrat- 
ing 3-anilinO‘l, 2-propanediol  with  fuming 
nitric  acid(Ref  3) 

Refs:  l)Beil— not  found  2)H.P.den  Otter, 

Rec  57,  20  & 22  (1938)  & CA  32,  3354  (1938) 
3)R.C.Elderfield  et  al,  OSRD  Rept  158(1941), 
PBL  Rept  31,094, pp22-4 

2- (2‘  ,4f  -Dinltroanilino)-l,3-propanedliol;  2- 
(2*,4i  -Dinltrophenylamino)-1, 3-propanediol 
or  2-{2'  ,4*  -Dinitrophenylamino-I,3-dihydroxy- 
propone,  (02N)2C6H3.NH.CH(CH2OH)2,  mw 
257.20,  N 16.34%.  Yel  solid,  mp  133-5°, 
same  solubilities  as  for  l-(2*  ,4' -dinitroanil- 
ino)-2, 3-propanediol.  Can  be  prepd  by  boil- 
ing an  ale  soln  of  2- amino- 1,3-propanediol  with 
2, 4-dinitrochloro benzene  in  the  presence  of 
Na  acetate  (Refs  2 & 3).  This  substance  ex- 
ploded weakly  on  heating  in  an  open  dish  or 
test  tube  and  upon  being  struck  with  a 
hammer  on  an  iron  surface  (Ref  3,  p 7) 

Refs:  l)Beil— not  found  2)H.P.den  Otter, 

Rec  57,15-17  (1938)  ft  CA  32,3354(1938) 
3)R.C.Elderfield  et  al,  OSRD  Rept  907(1942), 
6-7(PBL  Rept  31085) 

l-(2'  ,4'  ,6-Trinitroanilino)-2, 3-propanediol; 

3- (2 1 ,4'  ,6'  -Trinitrophenylamino)-l , 2-propane- 
diol or  l-(2}  ,4' , 6 ’ - Trinitrophenylamino)-2,3- 
propanediol , (02N),C6H2.NH.CH2.CH(0H).CH2- 
OH,  mw  302.20,  N 18.54%.  Yel  solid,  mp 
136°,  insol  in  w,  eth,  petr  eth,  chlf  & CCl4) 
sol  in  ale,  acet,  benz  & NB.  Can  be  prepd 

by  boiling  an  ale  soln  of  3-amino- 1,2-pro- 
panediol with  2,4,6-trinitrochloroben zene  in 
the  presence  of  Na  acetate.  It  exploded  on 
heating  or  on  impact 

Refs:  l)Beil—  not  found  2)H.P.den  Otter, 

Rec  57,22-3(1938)  & CA  32,  3354(1938) 


2-(2'  ,4'  ,6'  -Trinitroanilino)- 1,3-propanediol; 

2- (2't  4'  ,6-Trin itrophenylaminojl, 3-propane- 
diol or  2-(2 1 ,4'  ,6*  -Trinitrophenylamino)- 

1 ,3-dihydroxy-propane;  (02N),C6H2.NH.CH- 
(CH2OH)a,  mw  302.20,  N 18.54%.  Yel  solid, 
mp  150°;  insol  in  peer  ech,  chlf,  CC14  & benz; 
sol  in  w,  ale,  acet  & NB.  Can  be  prepd  by 
boiling  an  ale  soln  of  2-amino- 1, 3-propane- 
diol with  2,4,6-trinitrochlorobenzene  in  the 
presence  of  Na  acetate.  It  exploded  on  heat- 
ing or  on  impact  but  milder  than  its  higher 
nitrated  product  described  below 
Refs:  l)Beil— not  found  2)H.P.den  Otter, 

Rec  57,  22-3(1938)  & CA  32,  3354(1938) 

l-(2'  ,4'  ,6f  -Tr>nitro-N-nitranilino)-2, 3-pro- 
panediol Dinitrate;  1-(N,2' ,4' ,6' -Tetrq- 
n itroani I ino)-2, 3-propanediol  Dinitrate; 

3- (2'  ,4* , 6'  -T rinitrophenyinitramino)-1,2- 
propanediol  Dinitrate  or  3-(2*  ,4',  6'  -Tri- 
nitrophonylnitramino)-l,2-dinitroxypropane, 

(02N)3C6H2.N(N02).CH2.CH(0N02).CH2  - 
(ONOj),  mw  437.20,  N 22.42%,  OB  to  C02 
-27.4%,  OB  to  CO  +5-5%.  Lt  yel  crysts; 
mp-  softens  ca  67°  and  decomp  ca  80°;  in- 
sol in  w,  peer  eth,  CC14,  sol  in  ale,  ether, 
acet,  chlf,  benz  & NB.  Was  first  prepd  in 
1933  (Ref  2)  by  condensing  glycerol  with 
phenylamine  and  nitrating  the  resulting 
product.  Later,  it  was  prepd  by  nitrating  3- 
anilino- 1, 2-propanediol  or  its  dinitrocom- 
pound with  either  fuming  nitric  acid  (Ref  3) 
or  mixed  nitric  sulfuric  acid  (Ref  4).  It  is 
a very  powerful  explosive  which  is  unstable 
in  storage 

Refs:  l)Beil— not  found  2)Westfalisch- 

Anhaltische  Sprengstoff  A-G,  GerP  576, 
152(1933)  & CA  27,3823(1933)  3H.P. 

den  Otter,  Rec  57,20-23(1938)  & CA  32, 
3354(1938)  4)R.C. Elderfield  et  al, 

OSRD  Rept  158(1941),  22-4(PBL  31094) 
5)A.H. Blatt,  OSRD  Rept  2014(1944),  under 
2,4,6-Trinitrophenyl(/3,  y -dinitroxy)pro- 
pylnitramine 
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2-(2*  ,4*  ,6'  -Trlnitro-N-nitranUino)-l,3- 
propanediol  Dinitrate;  2-(N,2'  ,4'  ,6'  ■ 

T etran i troani I i no) - 1 , 3-propanedlol  Di  - 
nitrote  or  2-(2'  ,4*  ,6'  -Trinitrophenyl- 
nitramlno-l,3-dlnltroxy-propane;  (02N)3- 
CflH2.N(NO2)CH(CH2ON02)2,  mw  437.20, 

N 22.42%,  OB  to  COa  -27.4%,  OB  to  CO 
+5.5%.  Lt  yel  crysts,  mp  142-3°(with 
decomp);  iasol  in  w,  ales,  pet  eth,  chlf, 
CC14,  benz  & tol;  sol  in  acet,  AcOH,  NB 
& pyridine.  Can  be  prepd  by  nitrating 
either  the  corresponding  dinitro-  or 
trinitro-  compds  with  fuming  nitric  acid 
(Ref  2).  It  is  a powerful  explosive 
Note:  According  to  Elderfield  et  al  (Ref 
3),  the  nitration  of  2-(2  ,4' -dinicrophenyl- 
amino)- 1,3-propanediol  with  mixed  nitric- 
sulfuric  acid  yielded  a product  which 
melted  at  146.5°  and  exploded  on  further 
heating  or  on  being  struck  with  a hammer 
on  an  iron  surface,  No  analysis  was  made 
but  it  seems  that  this  product  was  ident- 
ical with  the  one  prepd  by  den  Otter 
Refs:  l)Beil—not  found  2)H.P.den 

Otter,  Rec  57,16-18(1938)  & CA  32,3354 
(1938)  3)R.C. Elderfield  et  al,  OSRD 

Rept  907(1942),  6-7(PBL  Rept  31085) 

AN1LIN0PR0PAN0L 

AND  DERIVATIVES 

Anilinopropanol;  AnilinOpropylalcohol ; 

P henylaminopropanol  or  P ropanol aniline 
C9H13NO.  One  isomer,  called  in  Ger 
y-Anilinopropylalkohol  or  [Oxy-propy/J- 
anilin,  CSH5  NH.C3HeOH,  is  described 
in  Beil  12,  [ 109] 

Anilinopropanol,  A zido— C9H12N40  and 
Diazido-Qq HtlN70  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 
Mononitroanilinopropanols,  CgHjjNjOj, 
mw  196.20,  N 14.28%.  Several  isomers 
were  prepd  and  examined  by  Kremer 
(Ref  2)  from  the  point  of  view  of  their 
physiological  action 

Refs:  l)Beil— not  found  2)C.B. Kremer, 

JACS  61, 1323(  1939)  &CA  33,6259(1939) 


Nitronitranilinopropanols , CgHuNjOg  , mw 
241.20,  N 17. 42%— not  found  in  Beil  or  CA 
through  1956 

Dinitroanilinopropanols , C,HnNj05 , mw 
241.20,  N 17.42%.  The  following  isomer 
was  found  in  the  literature: 

2-(2' , 4 ’ - Dinitroanilino)-l-propanol  or  2- 
Methyl-N~(2 * ,4}  -dinitrophenol}- ethanol- 
amine.  Listed  in  CA  50,  2694d  as  N- 
(2y4'Dinitrophenyl)-alaninol,  (02N)2C6H3.- 
NH.CH.CHjOH, 

J mp  94-5°.  Was  prepd  by 

CH3 

mixing  2, 4-  dinitro  benzene  sulfonate  with  2- 
amino- 1-propanol  (or  its  chloride  or  oxa- 
late) and  aq  Na  carbonate  soln 
Refs:  l)Beil— not  found  2)J.C. 

Crawhall  & D.F. Elliott,  BiochemJ  61,264 
(1955)  & CA  50,2694(1956) 
Dinitroanilinopropanol  Nitrate , (02N)2C6- 
H3.NH.C,H60N02,  mw  286.20,  N 19.58%; 
Trinitroanilinopropanol  and  higher  nitrated 
compds  were  not  found  in  Beil  or  CA  through 
1956 

Chloronilroanilinopropanols,  C9H11N203C1, 

N 12.14%.  In  the  course  of  a study  of  the 
condensation  of  substituted  nitrobenzenes  v 
with  aminoaicohols  to  produce  intermediates 
from  which  analogs  of pentryli see  under 
Anilino ethanol)  might  be  obtained,  several 
chloroanilinoalkanois,  among  them  chloro- 
anilinopropanols,  were  prepd  and  described 
by  C.B. Kremer  & M.Meltsner  in  JACS  64, 
1285(1942)  & CA  36,4490(1942) 

ANIUNOPROPIONIC  ACID 
AND  DERIVATIVES 

Anilinopropionic  Acid  or  Phenylalanine, 
CgHjjNOj.  Two  isomers  are  described  in 

Beil  12,488,492  & [253] 

Anilinopropionic  Acid,  A zido- C9H10N4O2  and 
Diazido - G,HjN702  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 
Mononitroanilinopropionic  Acids , C9Hl0N2O4. 
One  isomer  is  described  in  Beil  12,725 

Dinitroanilinopropionic  Acids.,  C9H9N306,  mw 
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255.19,  N 16.47%.  One  isomer  is  described 
in  Beil  12,  (364). 

Trinitroanilinopropionic  Acid,  C9H8N4Oa,  mw 

300.19,  N 18.67%—not  found  in  Beil  or  CA 
through  1956 

Anllinopropyl  Alcohol.  See  Anilinopropanol 
y-Anilinopropyleneglycol.  See  3-Aniliho-l,2- 
propanedol  or  l-Anilino-2,3-propandiol 

ANILINOSUCCINIC  ACID 
AND  DERIVATIVES 

Anilinosuccinic  Acid,  called  in  Ger  Anilino- 
bemsteinsdure  or  N-P  henyl-asparaginsdure, 
C5HsNH.CH(COOH).CH,COOH.  Several  iso- 
mers are  described  in  Beil  12,  508  & [262] 
Anilinosuccinic  Acid,  Azido - Cl0Hl0N4O4 
and  Diazidb-C1BH9NT04  Derivatives  were 
not  found  in  Beil  or  CA  through  1956 

Mononitroanilinosuccinic  Acid,  Cl0H10N206— 
not  found  in  Beil 

Dinitroanilino succinic  Acid,  C10H9N,Og— 
not  found  in  Beil 

2,4,6-Trinitroanilinosiiccinic  Acid,  called 
in  Ger:  N-Pikryl-asparaginsSure,  (02N)jC8- 
Hj.NH. CH(COOH).CHa.COOH,  mw  248.20, 

N 22.58%.  Rhombic  lflts,  mp  137°,  diff  sol 
in  w,  easily  sol  in  ale  & ether.  Was  prepd 
by  mixing  an  aq  soln  of  asparaginic  (amino- 
succinic)  acid  with  an  equivalent  quantity 
of  picryl  chloride  in  toluene  and,  after 
making  the  mixt  strongly  basic  (by  adding 
NaOH),  shaking  it  for  3 hours.  Its  expl 
props  were  not  investigated 
Refs:  l)Beil  12,770  2)K.Hirayama, 

ZPhysChem  59,291(1909  & CA  4,222 
(1910) 

ANIUNOTETRAZOLE 
AND  DERIVATIVES 

5-Anilino-afor  1U}- tetrazole  or  5-Phenyl - 
amino- tetrazole,  called  in  Beil  Tetrazolon- 
(5)-anil,  C6H,  .HN.C-NH-N, 

II  II  mw  161.17, 

N N 

N 43.46%.  Ndls,  mp  206°  (with  vigorous  . 


evolution  of  gas);  very  sol  in  hot  ale,  sol 
in  hot  w,  diff  sol  in  eth.  Was  first  prepd  by 
Stoll e et  al  (Refs  2 & 3)  together  with  other 
products.  A higher  melting  product(211-12c) 
was  obtained  by  Finnegan  et  al  by  heating 
1-phenyl- 5- aminotetrazole,  mp  160-1°,  as 
described  in  Ref  5 

Refs:  l)Beil  26,  [243]  2)R. Stolid  et  al, 

JPraktChem  124,269,297-8(1930)  & CA  24, 
2748(1930)  3)R.Stolle  et  al,  JPraktChem 
147,286(1937)  & CA  31,1807(1937)  4)F.R. 

Benson, ChemRevs  41,7(1947)  5)W.G. Finn- 

egan, JOC  18,790(1953)  6)R.A.Henry  et 
al,  JACS  76,88-93(1954)  & CA  49,2427(1955) 
(Thermal  isomerization  of  substituted  5- 
aminotetrazoles) 

(See  aslo  Aminophenyltetrazole) 
Anilinotetrazole,  Azido-,  CjHjNg  and  Diazido- 
CyHj  Nu  Derivatives  were  not  found  in  Beil 
or  CA  through  1956 

5-Nitroanilino-a(or  lH)-tetrazole  or  5-(nitro- 
phenylamino)-tetrazole,  C,HeN602,  mw  206. 17, 

N 40.77%.  Not  found  in  Beil  but  its  o-,  m-  and 
p-i somers  are  described  by  W.L.Garbrecht  & 
R.M.Herbst  in  JOC  18,1278-82(1933)  & CA  48, 
12092-3(1954).  This  paper  also  gives  UV  ab- 
sorption curves  for  some  of  these  compds 

5-(2 ' ,4'  -Dinitroanilino)-afor  lH)-tetrazole  or 
5-(2 ' ,4'  - Dinitrophenylamino)-a(or  IH)- tetrazole, 
(OaN)2QHs.NH.C-NH-N, 

||  ||  mw  251. 17,  N 

N— -N 

39.04%.  Bm-red  powd,  mp  174°  with  decompn, 
diff  sol  in  hot  w,  eth  & hot  ale.  Was  obtained 
by  heating  2,4-dinitrochlorobenzene  with  Na 
aminotetrazole  in  toluene  for  6 hrs  on  an  air 
bath  and  under  reflux 

Refs:  l)Beil-not  found  2)R.Stoil£  et  al, 

JPraktChem  139,64(1933)  & CA  28,  1345(1934) 

5-(2',4'  ,6'  -Trinltroonilino-)-a(or  1H)-tetrazole; 
5-(2'  ,4'  ,6'  -Trlnltrophenylamino)-a(or  1H)- 
tetrozole  or  5-(Picrylamino)-a(or  IH) -tetrazole, 

(O  jWjQHjNH.  C-NH-N, 

II  II  mw  296.17,  N 37.79%, 

N N 
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OB  to  CO,  -54.0%,  OB  to  CO  -1 6.2%.  Yei 
pdr,  mp  22 4°;  expl  at  higher  temps,  easily 
sol  in  acet,  more  diff  in  ale  & w,  hardly  sol 
in  eth.  Can  be  prepd  by  heating  5-aminotetra* 
zole  with  picryl  chloride  in  AcOH  for  2 hrs 
(Ref  2,  p 63). 

Its  silver  solt,  C7H3N404Ag,  N 27.89%  and 
Ag  26.98%,  brownish-yel  solid,  is  a power- 
ful explosive  (Ref  2,  p 64).  Its  copper  salt 
(greenish  powder)  and  lead  solt  (golden-yel 
powd)  are  not  as  powerful  explosives 
Note:  None  of  these  salts  was  recommended 
by  Stolle  for  use  as  igniting  or  initiating 
agents  in  blasting  caps  or  detonators 
Refs:  l)Beil— not  found  2)R.Stolle  et  ai, 

JPraktChem  139,63-4(  1933)  & CA  28,1345 
(1934)  3)D.W.Moore  & L. A.Burkhardt,  Anal 
Chem  26,1923(1954)  & CA  49, 4363(1955)(X- 
ray  powder  diffraction  pattern  of  5-picrylamino- 
tetrazole) 

ANILINOTOLUENE;  DIPHENYLMETHYL- 
AMINES  AND  DERIVATIVES 

Anilinotoluenes;  Phenyltoluidines;  Diphenyl- 
methylamines  and  Methyldiphenylamines, 
CjjHuN.  All  isomers  are  described  in  Beil 

12, 180 ,787, 85 7,90 5, ( 166)  & [105,436,467,4931 
Aniiinotoluene,  A zido-Cl3H12N4  and  Diazido- 
C13HUN7  Derivatives  were  not  found  in  Beil 
or  CA  through  1956 

Mononitroanilino toluenes ; Mononitrophenyl - 
toluidines;  Nitrodiphenylmethylamines  and 
Mononitromethyldiphenylamines,  C13H,2N202) 
are  described  in  Beil  12,787,876,906  &[437j. 
Dinitroanilinotoluenes;  D ini  tropheny l tolui- 
dines; Dinitrodiphenylme  thylamines  or  Di- 
nitromethyldiphenylamine , CjjH^NjO*,  mw 
273.24,  N 15.38%.  Several  isomers  are  de- 
scribed in  Beil  12,752,787,851,857,879,906, 
1010  & [409,4431 

Trinitroanilino toluenes;  Trinitrophenyltolu- 
ides;  Trinitrodiphenylmethylamines  and 
Trinitromethyldiphenylamines,  C„H1(,N404, 
mw  318.24,  N 17.61%.  Several  isomers  are 
described  in  the  literature: 

Note:  There  seems  to  be  confusion  in  the 
literature  in  regard  to  identification  of  some 


trinitro-  and  tetranitro-  derivs.  The  compds 
are  therefore  listed  according  to  their  names 
and  props  as  reported  by  the  authors.  The 
structural  formulae  of  some  compds  cannot 
be  given  because  they  were  not  definitely 
established 

2- (2'  ,4',  6'  -Trinitroanilino}- toluene;  N-(2' 

4',  6'  -Trinitrophenyl)-o-toluidine;  2',  4'  ~ 

6'  - Trinitro-2-metkyldiphenylamine  or  Picryl- 
o-toluidine.  Called  by  Reverdin  o-Tolyl-2' , 
4',  6'  -trinitrophenylamine,  (02N)3C6H2.- 
NH.CeH4.CH3;  orange-red  crysts,  mp  163- 4a, 
easily  sol  in  acet,  chlf,  benz  & AcOH,  diff 
sol  in  eth  & cold  ale,  nearly  insol  in  ligroin. 
Can  be  prepd  by  treating  o-toluidine  with 
picryl  chloride  or  by  other  methods 

Refs:  l)Beil  12,787,(377)  & [437]  2)F. 

Reverdin  & P.Cre'pieux,  Bull  Fr  [3129,236 
(1903)  & Ber  36,31(  1903)  3)F.Kehrmann 
et  al,  Helv  4,540(1921)  & CA  15,3449(1921) 

3- (2 ' ,4'  ,6’  - Trinitroanilino)- toluene;  N-(2' , 

4'  ,6'  - Trinitrophenyl)-m-Loluidine;  2 ' ,4'  ,6'  - 
Trinitro-3-methyl-diphenylamine  or  Picryl- 
m-toluidine.  Called  by  James  et  al  2,4,6- 

T rinitrophenyl-m-tolylamine , (02N)3C6H2.NH.- 
C6H4CH};  exists  in  stable  yel  form,  mp  129° 
and  in  labile  red  form,  mp  118.5°  (Ref  3), 
mp  119° (Ref  4).  Can  be  prepd  by  treating 
m-toluidine  with  picryl  chloride  in  ale  (Ref  2) 
or  by  other  methods  (Refs  1,3  & 4) 

Refs:  l)Beil  12,857,(399)  & [467]  2)M. 

Busch  & E.  Pungs,  JPraktChem  79,549-50 
(1909)  3)T.C.Jarnes  et  al,  JCS  117,1276 
(19  20)  4)B.Linke,Ber56, 851(1923) 

4- (2 ' ,4'  ,6'  -Tr initroanilino)- toluene;  N - 

( 2 ' ,4'  ,6'  - Trinitrophenylhp-toluidine;  2'  ,- 
4'  ,62-Trinitro-4-metkyl-diphenylamine  or 
P icryl-p-toluidine.  Called  by  James  et  al 
2,4,6-Trinitrophenyl-p-tolylamine,  (02  N)s- 
CeH2.NH.C#H4CH3.  Exists,  according  to 
Ref  2,  as  yel  monocl  ndls,  mp  163°  or  as 
red  rhombic  ndls,  mp  165-9°,  and  according 
to  Ref  3 as  orange-yel  ndls,  mp  163-4°,  or 
as  blood-red  prisms,  mp  165°.  Can  be  prepd 
by  treating  p-toluidine  with  picryl  chloride 


in  aic(Kef  2)  or  by  other  methods(Kefs  i 

& 3) 


HCJO. 


T)  nnii  e>  T/o/ll  OUJ 

4/Wtll  L"I/  "*J  */!*!• 


Busch  & E.Pungs,  JPraktChem  79,547(1909) 
3)T.C. James  et  al,  JCS  117,1276(1920) 


2,2'  ,6-Trinitro-N -methyl- diphenylamine  or 
1.(2 ' -Nitro-N  . me  thy l aniline )-( 2, 6-dinitro- 
benzene),  02N.C#H4.N(CH3). C6H3(NOa)2; 
yel  ndls,  mp  221-3°  Was  obtained  on  pro- 
longed heating  of  a mixt  of  2,6-dinitrochloro 


benzene,  N-methyl-o-nitraniline,  K2S04,  Cul 
and  amyl  alcohol 

Refs:  l)Beil—  not  found  2)H.HilIemann, 

n . *T1  O n.  K 'iO  -ill  4/lAlo\ 

jocr  / i of  oc  joj 


4,2 ’ ,4'  -Trinitro-2-metkyl-diphenylamine  or 

Af  /Oi  T\  ' ‘ * t.  . .1  \ A . - . 1.  * J _ 

/y-(  z,  -uiniiropnenjL/-tj*-nuro~o-UJLaLaifLt:i 
(01N)2C6Hj.NH.C6Hs(CH3).N01;  orange  prisms, 
mp  159°  Was  obtained  after  2-rnethyl-2'  ,4* - 
dinitrodiphenylamine  had  been  shaken  with 
glacial  AcOH  contg  nitric  acid  (dl,42)  and 
the  mixt  left  at  RT  overnight 

Refs:  l)Beil— not  found  2)G. G. Coker  et 

al,  JCS  1951,112  & CA  45,8510(1951) 

4,2'  ,4'  -Trinitro-3-methyl- diphenylamine  or 
N-(2'  ,4'  -Dinitrophenyl)-4-nitro-m-toluidine, 
(02N)2C6H3.NH.CsH3(CH3).N02;  red  prisms 
mp  171-2*^  from  AcOH).  Was  obtained  after  a 
mixt  of  l-chloro-2, 4-dinitrobenzene,  6-nitro- 
m-toiuidine  and  anhydrous  AcONa  had  been 
heated  for  an  hr  at  190° 


Refs:  l)Beii— not  round  2)G.G. Coker  et 

al,  JCS  1951,112  & CA  45,8510(1951) 


3,2\4'  -irinitro-4-metkyldiphenylamine  or 
N(2 * 4'  -Dinitrophenyl)-3-nitro-p-toluidine, 

frv  »wt\  r-  tt  i r n /kta  \ An  _ _ 1 J 1 

j guAucii-um 

plates,  mp  207°.  Can  be  prepd  by  heating  a 
mixt  of  1-  chloro- 2. 4- dinitrobenzene  , 2-nitro- 
p-toluidine  and  K2C03  at  150-60°  for  an  hour 
(Ref  2)  or  as  described  in  Ref  3 

Refs:  l)Beil— not  found  2)A.F. Childs  & 

S.G.P.  Plant,  JCS  1948,1993  & CA  43,2176 

(1949) 

2,2\4'  -Trinitro-4-methyldiphenylamine  or  N- 
( 2 1 ,4'  -Dinitrophenyl)-2-nitro-p-toluidine, 


£OaN')2C6H3/NH.  CsHj(NOj). CH3;  orange-yel 
ndls,  mp  221°.  Can  be  prepd  by  heating  1- 


1 r\  rr\-  9 A-  A t n ■ k * 


steam  bath  with  nitric  acid  (dl.63)  (Ref  2). 
This  compd  was  considered  by  Reverdin  & 
Crepieux  to  be  the  tetranitro  with  mp  219° 
(see  below) 


Refs:  l)Beil -not  found  ,2)A.  F. Childs  & 

S.G.P. Plant,  JCS  1948,1993  & CA  43,2176 
(1 949) 


Tetranltroanili notoluenes;  Tetron itrophenyl- 
toluidines;  Tetranitrodiphenylmethylamlnes 
and  Tetronltromethyldi phony lamlnes,  C13- 
H,N508)  mw  363.24,  N 19.28^.  The  follow- 
ing isomers  are  described  in  the  literature; 


2,4,2*  ,4*  -Tetranitro-N -methyl-diphenylamine 
or  l-(2{  ,4*  - Dinitro-N-methylanilino)-(2,4 - 
dinitroben zene),  (02N)2CsHj. N(CH3). C6H3- 
(NOj).,;  yel  leaflets(from  ale  or  AcOH),  mp 
210°.  was  prepd  by  nitrating  2,4-dinitro-N- 
methyl-diphenyl amine  as  described  in  Ref  2. 
Its  expt  props  were  not  examined 

Refs:  l)Beil  12,753  2)R.Nietzki  & A. 

Rail  lard,  Ber  31, 146 1(  1898) 


2*  ,4*  ,x,x-  Tetranitro-4- me thyl-diphenylamine , 

1 1 _ j u..  d i:_  .* „ t 

V au  cu  uy  vvium  i c-  iff  wt  Ptit  rz-tiTy 


amine,  (02N)4C13H9N,  red-bm  prismsffrom 
ale),  mp  219°.  Was  prepd  by  nitrating  2*  .4* - 
dinitro-4-methyl-diphenylamine(red  ndls,  mp 
137^  with  nitric  acid  (See  2,2*  4* -Trinitro- 
4-methyldiphenylamine) 


Refs:  l)Beil  12,906  2)F,  Reverdin  & P. 

Crepieux,  Bull  Fr  [3]  29,237(1903)  & Ber  36, 
31-2(1903) 


Note:  According  to  A. F. Childs  & S.G.P. 

Plant,  JCS  1948,1993  & CA  43,2176(1949), 
the  product  obtained  by  Reverdin  & Crepieux 
is  actually  2,2',4]  -trinitro-4-melhyldipkenyl- 
amine,  mp  221°  (see  above).  Further  nitra- 
tion of  this  compd  under  more  vigorous  con- 

J-*! o a II  A\  . - . A *L..t 

UJ  LiUU  £>  gave  i , U,  A j -LtZLt  WltM  u-T-HtCl/tJ  c~ 

dipkenylamine,  mp  169°  (see  below) 
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4,6,2 1 ,4'  -Tetranitro-2-methyldiphenylamine 
or  N-(2' , 4'  -Dinitrophenyl)~4,6-  dinitro-o- 
toluidine,  (02N)2C6Hs.NH.  QH^CHjXNOj),; 
yel  ndls,  mp  190°.  Can  be  prepd  by  heating, 
on  a steam  bath,  2*4  * -dinitro- 2- methyl- 
diphenyl  amine  with  a mirt  of  glacial  AcOH 
and  nitric  acid  (dl.42)  until  a straw  colored 
soln  is  obtained  (ca  Vi  hr).  Its  expl  props 
were  not  examined 

Refs : l)Beil— not  found  2)G.G. Coker  et 

al,  JCS  1951,  112  & CA  45,8510(1951) 

4,6,2 ' ,4*  -Tetranitro-3-metkyl-dipkenyl-amine, 
or  N-(2'  ,4'  -Dinitrophenyl)-4,6-dinitro-m- 
toluidin e,  (02N)2C6H,. NH. C8  H2(N02)2. CH3; 
yel  plates  (from  AcOH),  mp  208-9°.  Was  ob- 
tained on  heating  on  a water  bath  3-methyl- 
2*  ,4*  -dinitrodiphenylamine  with  coned  H2S04 
and  HNOj(d  1.42)  until  the  soln  became  pale 
yel  (ca  % hr).  Its  expl  props  were  not  ex- 
amined 

Refs:  l)Beii—  not  found  2)G.G, Coker  et 

al,  JCS  1951,  113  & CA  45,  8510(1951) 

2,2 ' ,4'  ,6*  - Tetranitro-4-methyldiphenylamine 
or  N-(2*  ,4s  ,6'  - Trinitrophenyl)-2-nitro-p- 
toluidine,  (02N)jC8H2.NH.C8H}(N02).  CH,; 
golden-bm  plates,  mp  217-19°.  Can  be  prepd 
by  heating  a mixt  of  picryl  chloride  and  3- 
nitro-p-toluidine  to  160°  (Ref  2).  Its  expl 
props  were  not  examined 

Refs : 1)  Beil -not  found  2)A.F.  Childs 

& S. G.P.Plant,  JCS  1948,  1993  & CA  43, 
2176(1949) 

2,6,2' , 4 * -Tetranitro-4^methyldipkenylamine 
or  N-(2 1 ,4*  -Dinitrophenyl)-2,6~dinitro-p- 
toluidine-  (02N)2C8H3.NH.C6H2(N02)2.CH3; 
bright  yel  ndls  (from  ale),  mp  169.  Can  be 
prepd  by  heating  2,2'  ,4* -trinitro- 4-methyl- 
diphenylamine  on  a steam  bath  with  coned 
HNOj(dI.42)  (Ref  2).  Its  expl  props  were 
not  examined 

Refs:  l)Beil— not  found  2)A.F. Childs 

& S. G.P.Plant,  JCS  1948,1993  & CA  43, 

2176  (1949) 


P entanitrocrnilinotoluenes,  C,jHBN8O10,  mw 
408.24,  N 20.59%  were  not  found  in  Beil  or 
CA  through  1956.  There  is,  however,  Pento- 
nitro-N-methyUp-biphenylamine,  known  also 
as  N-Methyl-N,2,2 ' ,4  ' ,6-pentanitroxenyl - 
amine,  which  has  the  same  empirical  formula 
as  above.  This  expl  compd  is  described  in 
this  work  under  Methylbiphenylamine  and 
Derivatives 

Hexanitroanil (notoluenes;  Hexanitrophenyl- 
to  lu  I dines;  Hexanitrodipheny  I methyl  amines 

and  Hexanitromethyldiphenylamines, 

C„H7N7012,  mw  453.24,  N 21.63%.  The  follow- 
ing isomer  is  described  in  the  literature: 

2,4,6,2',4,,6'-Hexanitro-N-methyl-dlphenyl- 
amlne  or  N-Methyl-dipicryiamlne,  (02N)3- 
C8H2.N(CH3).C6H2(N02)s;  yel  leaflets  (from 
ale);  mp  236-7^  insol  in  w,  v si  sol  in  eth 
& hot  ale;  sol  in  AcOH  and  v sol  in  acet. 

Was  prepd  by  nitrating  N-methyl-N-phenyl- 
2, 4- dinitro  aniline  with  nitric  acid  (dl.49) 
(Refs  1 & 2).  Its  expl  props  are:  power  by 
Trauzl  Test  87%  PA  and  FI  (figure  of  in- 
sensitiveness) 92%  PA  (Ref  4).  Hantzsch  & 
Opolski  (Ref  3)  also  prepd  the  compd  as 
well  as  its  aci  isomer,  (02N)3C5H2.N:C8H2- 
(N02)2:N-0.0CH3,  violet  crysts,  mp  140-1° 
with  decompn 

Refs:  l)Beil  12,766  2)A.Moulder,  Rec 

25,121-2(1906)  3)A. Hantzsch  & St.Opol- 

ski,  Ber  41,1747-9(1908)  4)A.H.Blact, 

OSRD,  2014(1944),  listed  as  Hexanitro- 
diphenylmethyl  amine 

AN IL1NOTRI AZOLE  AND  DERIVATIVES 

Anilino triazoles,  CBHBN4,  mw  160.18,  N 
34.98%.  The  following  isomers  are  de- 
scribed in  the  literature: 

4- Anilino-1 ,2,3-triazole,  called  in  Beil 
1. 2. 3-  T riazolon-( 4)~  anil , 

HjC— NH— N HC-NH-N. 

I II  O'  II  II 

C,H,N:  C N C,H,HN.  C N 
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Crysts,  mp  139*40°.  Methods  of  prepn  are 
given  in  Beil  26,  134  & [75l.  Its  constitu- 
tion was  discussed  in  JCS  123,265(1923) 
3-Anilino-l ,2,4-triazole,  called  in  Beil 
1 . 2. 4-Triazolon-(3)-anil, 

hc-nh-nh  hc-nh-n 

II  I °r  II  II 

N C:N.C,H,  N C.NH.QH,. 

Crysts,  mp  180°.  Prepn  is  given  in  Bell  26, 
[76] 

(See  also  Aminophenyltri azoles  and  Deri- 
vatives, p A249L) 

Anilinotriazole,  Azi^o-C8H7N7  and  Diazido- 
C,H«N10  Derivatives  were  not  found  in  Beil 
or  CA  through  1956 

Nitrosoanilinotriazole,  C1H7N4.NO,  mw  189.18, 
N 37.02%.  Yel  crysts  decompg  ca  117-18° 

Ref : Beil  26,  134  & [75] 

Note:  This  compd  might  be  of  interest  on 
acct  of  its  high  nitrogen  content 

Mononitroanilinotriazole,  Cjh^Ns  02,  mw 
205.18,  N 34.12%  and  higher  nitrated  derivs 
were  not  found  in  Beil  or  CA  through  1956 


ANILINOTRIMETHYLOLMETHANE 
AND  DERIVATIVES 

Anilinotrimetbylolmetbane;  N-(Trimetbylol • 
methane)’ aniline;  P benylaminotrimethylol- 
met  hane;  N - Phenyl-(tris-  hydroxymet  byl)- 
m ethylamin e;  2-Anilino-2 - hyd roxyme t hyl- 

1 ,3-dihydroxypropane;  2- Anilino‘2~ hydroxy- 
met  hy  l-l , 3-propanediol  or  P henyltrimethylol- 
methylamine,  CeHs  .NH.C(CH2OH)3.  This  may 
be  considered  as  the  parent  compd  of  the 
derivs  described  below: 

Anilinotrimethylolmethane , Azido-  C1oCi4N40> 
and  Dtdzt^o-Cl0H1jN703  Derivatives  were 
not  found  in  Beil  or  CA  through  1956 

Mononitrotrimetbylolmetbane,  Cl0HJ4N2O5  — 
not  found  in  Beil  or  CA  through  1956 


2,4-Dinitroonil  ino-trimethylolmethane;  N- 

(2, 4-Dinitrophenylamine)-trimetbylolme  th- 
ane; N-(2 ,4-Dinitrophenyl)-(  tris-bydroxy- 
me thy l- methyl)- amine;  2-(2'  ,4'  -Dinitroanilino)- 
2-hydroxymethyl- 1 , 3-propanediol;  2, 4-Di- 
nitropbenyltrimetkylolmetbylamine  or  2,4- 
Dinitropbenyltribydroxymethylmethylamine, 

CHaOH 

I 

(OjN)2C6HjNH-C-CH2OH,  mw  287.23, 

! 

CH2OH 


N 14.63%,  OB  to  C02  “108.6%.  Golden-yel 
crysts  from  dil  ale,  mp  100°.  Was  obtained 
in  76%  yield  by  condensation  of  chloro-2,4- 
dinitrobenzene  with  2-amino-2-hydroxymethyl- 

1, 3-propanediol,  as  described  in  Ref  2,  p 12. 
Its  QP  is  1222.9  keal/mol  and  — 65.7(Ref3) 

Refs:  l)Beii  — not  found  2)R.C. Elderfield, 

OSRD  Rept  158(1941), 7 & 12(PBL  Rept 
31094)  3)G.B.Kistiakowsky,  OSRD  Rept  702 
(1942) 


N-(2,4,6-TRINITRO-N-NITRANILINO)- 
TRIMETHYLOLMETHANE  TRINITRATE; 
N-(2,4f  6 T rinitrophenyl-N-n»tramino)-tri- 
methyl o| methane  Trinitrate  or  N-(2,4,6- 

Trinitrophenyl)-(tris’nitroxymethyl-methyl)- 
nitramine,  designated  as  Heptryl.  Called  by 
Kistiakowsky  N-Nitro-N-picryl-trimethylol - 
methylamine  Trinitrate . Also  called:  2-(2'  ,- 
4( , 6*  - Trinitro-N-nitranilino)-2-nitroxymetbyl - 

1,3-dinitroxy propane;  2-(N,2*  ,4*  ,6'  -Tetra- 
nitroanilino)-2-nitroxymethyl- 1 ,3-propanediol 
Dinitrate  or  2,4,6-Trinitrophenyltrimethylol- 
nitramine  Trinitrate,  (O2N)jCeH2>N(N0j)*- 
C(CH2-0N02)3,  mw  512.23,  N 21.87%,  OB  to 
C02  -21.9%,  OB  to  CO  +9.37%.  Yel 
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crysts,  mp  154-7°  (decompn);  ignites  at 
180°  and  explodes  >360°  with  a purple 
flash.  Was  prepd  by  nitrating  2,4-dinitro- 
anilino-trimethylolmechane  (see  above)  with 
mixed  nitric- sulfuric  acid,  as  described  in 
Ref  2,  pp  14-15.  Heptryi  was  purified  by  dis- 
solving the  crude  material  in  acetone  and 

iultluig  aiCGuoi 

Heptryi  is  a HE  comparable  in  power, 

i ■ ...  _.i * ^ riT?jT'xi  rn  n A 

Dn sauce  ana  sensitivity  r unx  (ncia 

& 6) 

Following  are  some  props  of  Heptryi: 

a) Brisance,  comparable  to  PETN 

b) Heal  of  combustion,  Qc  1160.7  kcal/mol 
(Refs  3,5  &.  6) 

c) Heat  of  formation,  57.3  kcal/mol  (Ref  5) 

4. 

d) Hygroscopicity  at  25°  & 90%  RH,  gained 
0.07%;  and  at  100%  RH,  gained  0.2%  (Ref 
6) 


)!gni 


i«n°  rR  .of 


f)lmpact  sensitivity.  A small  sample  wrapped 
in  tin  foil  detonated  when  struck  with  a 
hammer  on  an  iron  anvil,  and  did  not  deto- 
nate when  a concrete  anvii  was  used  (Ref 
2) 


^International  Test,  75°  (thermal  stability), 
loss  of  wt  0.5%  (Ref  6) 


h)Power  by  Ballistic  Mortar  Test,  143% 
TNT  (Refs  4 & 6) 


i) S lability  ( thermal ) at  100°,  not  acid  and  no 
expin  in  300  mins  (Ref  4) 

j) $tability  ( thermal ) at  135°,  exploded  in  13 
mins  in  a closed  container  (Refs  4 & 6) 


Refs:  l)Beil—  not  found  2)R.C.  Elder- 

field,  OSRD  Rept  158(1941),  8 & 14-16 
(PBL  Rept  31094)  3)G.  B.Kistiakowsky, 


OSRD  Rept  702(1942),  Table  I,  Compd  Gb2 

4) R.McGill,  OSRD  Rept  830(1942),  29 

5) A.H.Blatt  & F.C. Whitmore,  OSRD  Rept 
1085  (1942),  116  6)A.H.Blatt,  OSRD  Rept 
20  1 4(19  44),  listed  as  2,4,6-Trinitrophenyi- 
trimethyioimerhyi-nitramine  Trinitrate 


ANIL  INOVAL  ERIC  ACIDS 
AND  DERIVATIVES 


A n i /irt/ii »✓¥  1 a Ft  / A n i 1 • Hatt r»  1 j 


irti  S*\  OrtrJ  A rt  t /_ 


inoisovaleric  (Anilinoi  so  valerianic)  Acids, 
C,.H.sN02  are  described  in  Beil  12,497 
Anilinovaleric  & Anilinoisovaleric  Acids, 


Azido-,  CuH^N^Oj  and  Diazido— CnH„N,02 
Derivatives  were  not  found  in  Beil 
or  CA  through  1956 

Mn  fin  ft  y trrx  n.n  j'/jtj  n-§  \n  Jj>ri  t*  A s>i  J c-  J-J  NT  A _ 

'-11'*  ^ 1 4 1 ■*  2 vr  4 


not  found  in  Beil 

Dinitroanilinoisovaleric  Acid,  Q1HISN106,  is 
described  in  Beil  12,(364).  a-(2,4,6-Trinitro- 
anilino)-isovaleric  /4cirf(called  N-Pykryl valin 
in  Ger),  (CyOjCgHj.NH.CHtCOOHJ.CHtCHjJj, 
mw  328.24,  N 17.07%.  Lc  yel  ndls,  mp  171°, 
easily  soi  in  ale  or  et’n,  si  soi  in  w (0.029% 
at  RT).  Was  prepd  by  shaking  1 mol  of  a- 

aim  rtAi  criif  ol  i*  o /-i  A i w,nu  anA  i 


picryl  chloride  for  3 hrs  in  toluene 
Refs'  l)3ejl  12,770  2)K.Hir*?yama, 
ZPhysChem  59,291(1909)  & CA  4,222(1910) 


note:  No  higher  nitrated  anil ino Valeric 
acids  were  found  in  Beil  or  CA  through  1956 


Aniiite.  A liquid  expl  consisting  of  butane 
and  liq  nitrogen  peroxide,  N204.  It  is  sensi- 
tive to  mechanical  action  and  equal  in 
strength  to  161%  P A. 

Ref:  Anon,  "Elements  of  Armament  Engineer- 
ing11,  US  Military  Academy,  West  Point,  NY 
(1954),  71 

/ Ani lithe  or  Aniiite  Some  small  antipersonnel 
aerial  bombs  used  by  the  French  during  WW  I 
consisted  of  two  separate  compartments, 
one  filled  with  liquid  nitrogen  peroxide, 

N204,  the  other  with  a liq  combustible  material 
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such  as  carbon  disulfide  or  gasoline.  When 
such  a bomb  was  released  from  an  air- 
plane, a small  propellant  on  the  nose  of 
the  bomb  actuated  the  mechanism  which 
caused  the  two  liquids  to  mix.  During  the 
flight,  the  bomb  became  filled  with  a very 
powerful  and  sensitive  mixture  (called 
anilithe  or  anilite)  which  detonated  with- 
out any  initiator  upon  impact  with  the 
target 

Refs:  l)A.HolIer, Nature  106,831-4(  1920) 

& CA  15,1401(1921)  2)T.L. Davis,  Army 

Ordn  20,93(1939)  3)Davis(1955),  355 

4)Bebie<1943),27-8 

ANILINOXYLENE  AND  DERIVATIVES 

Anilino xylenes ; P henylxylidines;  Ditolyl 
amines  and  Dimethyldiphenylamines, 
C14H15N.  All  isomers  are  described  in  Beil 
12,  787,858,907,1115,(377,414,415)  & 
[437,467,494] 

Anilinoxylene,  Azido,  Cl4HJ4N4  and  Di- 
azufo- C13Hl4N7  Derivatives  were  not  found 
in  Beil  or  Ca  through  1956 
Mononitroanilinoxylenes , C14H14N,Oa.  Sev- 
eral isomers  are  described  in  Beil  12,1001 
& [530] 

Dinitroanilinoxylenes , Cl4HtjNj04.  Several 
isomers  are  described  in  Beil  12,  787,1002 
(443,479-481,483,488)  & [462,479,481,494, 
536,618] 

Trinitroanilinoxylenes,  Cl4H12N406,  mw 

332.27,  N 16.86%.  Several  isomers  are  de- 
scribed in  Beil  12,  906,907,1109,1115,1133, 
(377,414)  & [608] 

Tetranitroanilinoxylenes,  C14HtlN5Os,  mw 

377.27,  N 18.56%-not  found  in  Beil  or  CA 
through  1956 

P entanitroanilinoxylenes  etc , C14H10N6Oi0  , 
mw  422.27,  N 19.90%-not  listed  in  Beil  or 
CA  through  1956 

Hexanltfoanillnoxylenos  etc,  Cl4HfiN,Oia, 
mw  467.27,  N 20.98%.  The  following  isomers 
are  listed  in  the  literature: 


2,3,6<?),2‘  ,3*  r6*  ( ?)-Hexan  ltro-4, 4'  - 
di methyl -dlphenylamine,  called  by  Lehne 
Hexanitroditolylamine,  [CHjCe^NOJjljNH, 
yel  crysts,  mp  285°,  very  diff  sol  in  org  sol- 
vents. Can  be  prepd  by  treating  either  p,p*- 
ditolylamine  or  N-nitroso-p,p-tolylamine  with 
cold  fuming  nitric  acid.  It  expl  props  were 
not  investigated 

Refs:  l)Beil  12,1013  2)A.Lehne,  Ber 

13,1545(1880) 

2, 4,6,2'  ,4*  ,6'  -Hexanltro-3,3'  -dlmethyl- 
dlphenylamlne  or  Bls(3-methyl*2,4,6-tri- 
nitro-phenyl)-omine,  [CH3.QH(NOa)3]2NH, 
bm  tables  (from  ale),  mp  60°.  Can  be  prepd 
by  warming  4,6-dinitro-3,3'  -dimethyl- 
diphenylamine  with  nitric  acid(d  1.5)  on  a 
water  bath.  Its  expl  props  were  not  investi- 
gated 

Refs:  l)Beil  12,[482]  2)O.L. Brady  et 

al,  JCS  125,2404(1924) 

Animal  and  Vegetable  Fats  and  Oils,  Ni- 
trated. See  Fats  and  Oiis,  Nitrated 

Anil  it.  A Ger  expl  contg  at  least  70%  AN, 
noc  more  than  5%  sugar  and  the  rest  aniline 
copper  sulfate 

Ref:  R.Escales,  Ammonsprengstoffe 

(1909),  104 

Anilite  or  Anilithe.  The  name  given  to  some 
Panclastite  type  expls  used  by  the  French 
during  WW  I for  filling  some  aeroplane  bombs. 
These  bombs  contained  two  compartments 
divided  by  a horizontal  partition.  One  com- 
partment contained  liquid  nitrogen  tetroxide, 
Nj04(called  in  Fr  "peroxide  d’ azote),  while 
the  other  contained  CS2,NB,MNT  or  gasoline. 
As  long  as  the  liquids  were  not  mixed  they 
could  be  transported  without  hazard  in  a 
plane.  When  the  bomb  was  released,  a 
small  propeller  on  its  nose,  actuated  by 
passage  through  the  air,  opened  a valve 
which  permitted  the  two  liquids  to  mix.  This 
transformed  the  contents  into  a very  power- 
ful expl  mixt  which  was  so  sensitive  that  it 
required  no  fuze  but  exploded  immediately 
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upon  impact  with  the  target.  When  it  was 
desired  to  have  these  bombs  explode  in  the 
air  before  they  reached  targets,  they  were 
provided  with  a time  fuze 

Anilite  was  cheap  to  prepare  and  so  were 
the  bombs  using  it.  The  power  and  brisance 
of  these  bombs  was  si  higher  chan  those 
contg  TNT  or  PA 

The  term  "anilite1'  was  extended  after 
WWII  to  any  liq  expl  contg  N204  as  an  oxi- 
dizer, and  a liq  carbonaceous  material  (such 
as  benzene,  butane,  etc)  as  a fuel 

Several  formulations  of  "anilite"  consist- 
ing of  N204  and  butane  were  investigated 
before  WWII  at  PicArsn(Ref  4).  The  mixes: 
N204/butane-70/30,  60/  40  and  50/50,  ex- 
amined at  PicArsn  were  extremely  sensitive 
to  rifle  bullet  test  (using  cal  ,30  rifle  at  a 
distance  of  30  yards  from  the  muzzle  to  an 
open  bomb  contg  the  sample).  All  samples 
were  unstable  (they  were  constantly  fuming) 
and  very  hazardous  to  handle.  The  70/30 
mixt  had  a rate  of  deton  ca  10%  higher  than 
TNT  and  brisance  by  fragmentation  test 
ca  130%  of  TNT.  In  fragmentation  test  a 3-inch 
AA  M42  shell  loaded  with  70/30— anilite 
gave  408  fragments  vs  351  fragments  for 
TNT 

Refs:  1)A. Haller,  BullSocEncourlndNat 

119,761-5(1920)  & CA  15,1401(1921) 
2)Pascal(1930),  193-4  3)Pepin  Lehalleur 
(1935),  360  4)C.J.Bain,  "Tests  of  Liquid 
Nitrogen  Peroxide  Explosive",  PATR  985 
(1939)  5)Davis  (1943),  355  6)Perez- 
Ara(  1945),  229  7)Kirk  & Othmer  6(1951),  58 

Anima  (Ital)  Bore  (of  a weapon) 

Anlma  lascia  (Ital)  Smooth  bore 

Anima  Hgata  (Ital)  Rifled  bore 

Anisalcohoi  or  Anisic  Alcohol.  Same  as 
Anisyl  Alcohol 

Anisalonishydrazide  Azide  or  Anisylidene- 
[a-azidoanlsylidene]-hydrazine,  H3CO.QH4.- 
C(N,):N.N:CH.QH4.OCH,  mw  309-22,  N 22.64%. 


Ndls  (from  eth),  mp  113°  (decomp);  defgr  at 
higher  temps;  insol  in  w and  fairly  sol  in  eth 
or  hot  ale.  Was  prepd  as  described  in  Ref  2 
Refs:  l)Beil  10,[102]  2)R.  Stoll  e,  Ber  55 

1300  (1922) 

ANISALDEHYDES  AND  DERIVATIVES 

Anisaldehyde  or  Methoxybenzaldehyde , 
HjCO.C6H4.CHO,  mw  136.14 

Note:  Although  the  name  "anisaldehyde"  previ- 

ously was  reserved  for  the  "p-methoxybenzal- 
dehydi",  current  nomenclature  extends  the  term 
"anisaldehyde”  to  all  methoxybenzaldehydes, 
provided  it  is  indicated  which  of  the  isomers 
is  being  described.  Thus  there  will  be  o-  (or 

2- ),  m-  (or  3-)  and  p-  (or  4-)  anisaldehydes 
These  compds  are  described  as  "methoxy- 
benzaldehydes" in  Beil  8,  43,59,67,(519,525, 
529)  & [40,53,64] 

Note:  A.  Albert  & A.Hampton,  JCS  1952, 

4985-93  & CA  48,8231(1954)  described  prepn 
in  95%  yield  from  m-HO.C6H4.CHO  with 
Me2S04  & NaOH  in  MeOH  and  its  nitration  to 
3, 2-Me0.(02N):C6Hj.CH0 
Anisaldehyde , Azido-,  CsH7Nj02  and  Diazido- 
C6HeN602  Derivatives  were  not  found  in  Beil 
or  CA  through  1956 

Mononitroanisaldehydes  or  Mononitro meth- 
oxybenzaldehyde, HjC0.C6H3-(N02)CH0.  Sev- 
eral isomers  are  described  in  Beil  8,  56,57, 
62,63,83,(523,527,533)  & [58,77] 

Dinitro anisaldehydes  or  Dinitromethoxyben- 
zaldehydes,  HjC0.C6H2(N02)2.  CHO,  mw 
226.14,  N 12. 39%.  The  following  isomers  are 
described  in  the  literature: 

xfx-Dinitro-(m-anisaldehyde)  or  x,x-Dinitro- 

3- methoxy-benzaldehyde  of  mp  110°,  first 
prepd  by  Tiemann  & Ludwig(Ref  2),  was 
later  (Ref  3)  identified  as  a mixt  of  2,6- 
and  4,6-dinitro- 3-methoxy-benzaldehydes 

Refs:  l)Beil  8,63  & C'62]  2)F.  Tiemann 

& R.Ludwig,  Ber  15,  2056  (1882)  3)H.H. 

Hodgson  & H.G. Beard,  JCS  1927,2376 


A A A* 


Ik-TTS 


x,  x-  Diniiro-( m-  unis  aldehyde)  or  x,x-Diniiro- 
3-methoxy-benzaldehyde  of  mp  155°,  prisms, 

fi  r«f  n fph  H V\\7  Tiomann  Af  T nHrai  n/J)  7^ 

t r ~ „ 7 * ~ J 

was  later  identified  as  2,6-dinitro-3-methoxy- 
benzaldehyde,  mp  1578(Ref  3) 

Refs:  Same  as  above  and  also  J.  Troger  & 
C.Eicker,  JPraktChem  116,  29(1927) 
4,6-Dinitro-(m- anisaldehyde ) or  4,6-Dinitro- 
3-methoxy-benzaldehyde , prisms,  mp  131°. 
Other  props  & prepn  are  in  Refs 

Refs:  l)Beil  8,[62]  2)H.H. Hodgson  & 

H.G.  Beard,  JCS  1927,  2381 


3,5-Dinitro-(p-anisaldehyde)  or  3,5-Dinitro- 
4-methoxy-benzaldehyde,  yel  ndls,  mp  86°. 
Other  props  & prepn  are  in  Refs 
Refs:  l)Beil  8,84  & [80J  2)E.Womer, 

Ber  29,157(1896)  3)M.P.de  Lange,  Rec 

A Q /(l/imA  A\ TJf  TJ  o.  O TQ i 

-y  cx  ii.vj.  uciiiu, 

JCS  1927,2376 
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benzaldehyde,  H3C0.C6H(N02)3.CH0,  mw 
271.14,  N 15.50%— not  found  in  Beil  or  CA 
through  1956 


p-Anis aldehyde  P erchlorate  or  4-Methoxy- 
benzaldehyde  Perchlorate,  2 C8H802  + 
HC104;  col  deliq  prisms  or  plates.  Was 
prepd  from  ethereal  soln  of  anisaldehyde 
and  70%  perchloric  acid  as  described  in 
Ref  2.  Its  expi  props  were  not  investigated 
Refs:  l)Beil  8,(529)  2)K. A.Hofmann  et 

t*» -5^^/  tnin\ 

ai,  L»CL  HJ,  Z.U47V 


ANISALDEHYDEPHENYLHYDRAZONE 
AND  DERIVATIVES 


p-Anis  aide  hyaepheny  thy  arazone;  Methoxy- 
benzaldehyde-phenylhydrazone  or  Anisylidene- 


nhonvIhvJTfirin*  W CC\  C H rH-M.WH.r  14 

r j ...j  - , “3  - “6 ~ *8 

is  described  in  Beil  15,192,(51)  & [80] 
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C14Hl3N50  and  Diazido-,  CI4H12N80 
Derivatives  were  not  found  in  Beil  or  CA 
through  1956 

p-Anisaldekyde-(N-nitrosophenylhydrazone), 


CH3O.C6H4.CH:N.N(NO).C#H5  is  de- 
scribed in  Beil  15,417 


p.Anisaldehyde-[2~(3’  and  4-)nitropbenyl- 
hydrazo  n e s]  H sCO  • CeH  4 • CH : N *NH  • C6H  4(NO  2 ), 
are  described  in  Beil  15,(137)  & [180^,  183>  199] 
p-  Anisaidehyde-(2, 4*  dinitrophenylhydrazon  e), 
H3C0.C6H4.CH:N.NH.C6H3(N02)2,  mw  316.27, 

\t  i7t  is  dsscrib^d  in  Bs  il  15, [218] 


Anis  aldehyde- trinitrophenylhydrazones, 
u r-r\  u r-u.M  mu  n U tfj r\  \ 97 


N 19.39%,  not  found  in  Beil,  but  one  isomer 
anisaldehyde-picrylhydrazone  or  4-methoxy- 
benzaldehyde-2,4,6-trinitrophenylhydrazone 
is  described  by  J. J.Blanksma  & M.L.Wackers, 

Rec  55,  665(1936) 

p-Anisaldehyde-phenylhydrazone  Peroxide, 

H3CO.QH4'CH—  N.NH.QHj  ,mw  258.27,  N 10.85%. 
O, 


Yei  ndis(from  benz  + petr  eth),  dec  83-4°  and 
expl  when  heated,  in  a flame;  v sol  in  eth, 
sol  in  c Qf  jkgfi 7 stnd  diff  sol  in  p0tr  p?h; 
Was  prepd  by  treating  anisaldehyde-phenyl- 
hydrazone  with  hydrogen  peroxide.  It  turns 
brown  by  action  of  light  but  is  stable  in  the 
dark 


Refs:  l)Beil  15,(51)  2)M.Busch  & W.  Dietz, 

Ber  47,3287(1914) 

3-Nitro-(p-anisaldekyde)-pkenylhydrazone, 
H3C0.CeH3(N02).CH:N.NH.QHs>  is  described 
in  Beil  15,  193  & [80] 

3-Nitro-(p-an  isaldehydef(4'  -nitropkenylhydra- 
zone),  H3C0.C6H3(N01).CH:N.NH.C8H4(N01) 
is  described  in  Beil  75,476  & [200] 


Nitroanisaldehyde-dinitrophenylhydrazones, 
HjCO.QHjfNOjXCHtN.NRQH^NOj),,  mw 
361.25,  N 19.39%.  They  are  not  found  in 
Beil,  but  the  isomer,  2-nitro-(p-anisaldehyde)~ 


mdifiitrGp Hctiyl Hydra zgtvc)  * « 


-,.*k 


by  W.R.Boon,  JCS  1949,  Suppl  Issue,  p S230 
and  the  isomer  4-nitro-o- anisaldehyde  2,4- 
dinitropkenylhydrazone  by  W.Berends  et  al, 

Rec  74,1341(1955) 


Nitroanisaldehyde-trinitropkenyl  hydrazones , 
H3CO.  CsH3(N02).  CHiN.NH.  C6H2(N02)3  not 
found  in  Beil  or  CA  through  1956 


Dinitroanisaldehyde-phenylkydrazones, 
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HjCO.C^NO^CHrN.NH.QH,.  Two 
isomers:  2>6-dinitro-3-methoxybenzalde- 
hyde-phenylhydrazone,  mp  185°  and  4,6- 
dinitro-3-metkoxybenzaldehyde-phenyl- 
hydrazone,  mp  210°,  are  described  by  J. 

Troger  & C-Eicker,  JPraktChem,  116,21  & 
29(1927),  of  which  only  the  first  compd  is 
listed  in  Beil  15,  [80] 

DinitroaniscUdehyde-nitrophenylhydrazones , 

HjCO. C6H2(NO j)3. CH:N. NH. C6H4N02 , mw 
361.25,  N 19-39%.  The  following  isomers 
are  described  in  the  literature: 

2,6-Di  nitro-(p-anisaldehyde)-4  - nitrophenyl - 
kydrazone  or  2,6-Dinitro-3-metkoxybenz~ 
aldehyde-4-nitropkenylhydrazone  , it  orange 
plates  exploding  at  ca  260°.  Was  obtained 
by  treating  2,6-dinitro-3-methoxybenzalde- 
hyde  with  p-nitrophenylhydrazone,  as  de- 
scribed in  Ref  2 

Refs:  l)Beil  15,[l99l  2)H.H. Hodgson  Sc 

H.G. Beard,  JCS  1927,2381 

3.5- Dinitro-(p-anisaldehyde)-(4i  -nitrophenyl- 
hydrazone ),  dk  brn  crysts,  mp  275°.  Was 
prepd  by  treating  3,5-dinitro-4-methoxybenz- 
aldehyde  with  p-nitrophenylhydrazone  as  de- 
scribed in  Ref  2 

Refs:  l)Beil  15,  [20l]  2)M.P.deLange, 

Rec  45,  49(1926)  & CA  20,  1982(1926) 

4. 6- Dinitro-(m-anisaldebyde)-(4  * nitrophenyl - 
kydrazone),  terra-cotta  ndls  mp  >300°.  Was 
prepd  by  treating  4,6-dinitro-3_methoxybenzal- 
dehyde  with  p-nitrophenylhydrazone  as  de- 
scribed in  Ref  2 

Refs:  l)Beil  15,  [199]  2)H.H.Hodgson  & 

H.G.Beard,  JCS  1927,  2381 

Dinitroanisaldehyde-dinitrophenylbydrazones, 

HjCO*C6H2(N02)2-CH:N*NH*C6Hs(N02)2  not 
found  in  Beil  or  in  CA  through  1956 

Dinitroanisaldehyde-trinitrophenylbydrazones, 
HjC0*CcHj(N02)2-CH:N*NH*C4H2(N0j)j  not 
found  in  Beil  or  CA  through  1956 

Trinitroanisaldebyde-trinitropbenylhydrazone, 
^CO-QHfNO.Jj.CH.-N-NH'CsHafNO,),  was 


not  found  in  Beil  or  CA  through  1956 

Anisenyltetrazotic  Acid.  An  old  name  for 
Anisyltetrazole 

ANISIC  ACIDS  AND  DERIVATIVES 

Anisic  or  Met  boxy  benzoic  Acid,  HjCO*C6H4'- 
COOH,  mw  152.14 

Note:  Although  the  name  "anisic  acid"  previous- 
ly was  reserved  for  the  "p-m  ethoxy  ben  zoic 
acid",  current  nomenclature  extends  the  term 
"anisic  acid"  to  all  methoxybenzoic  acids, 
provided  it  is  indicated  which  of  the  isomers 
is  being  described.  Thus  there  will  be  o-  (or 
2-),  m-  (or  3-)  and  p-  (or  4-)  anisic  acids 

These  compds  are  described  as  methoxy- 
benzoic acids  in  Beil  10  , 64,  137,  154,  (27, 

64, 69)  & [39,80,91] 

Note:  According  to  Davis  (1943),  p 170, 
nitration  of  p-anisic  acid  yields  trinitroanisole 
(see  under  Anisole  and  Derivatives) 

Anisic  Azide.  See  Anisoylazide 

Anisic  Acid,  Azido-,  C,HTNaOj  and  Diazido-, 
C#H6N6Os  Derivatives  were  not  found  in  Beil 
or  CA  through  1956 

Mononitroanisic  or  Nitromethoxybenzoic  Acids, 
HjC0*C6Hs(N02)-C02H  are  described  in  Beil 
10,  117,146,147,181,(50,51,52,67,79)  & [66, 
67,68,84,85,106] 

Dinitroanisic  or  Dinitromet  boxy  benzoic  Acids, 
CHjO • C6H2(N02 )2 • C02H,  mw  2421.4,  N 11.57%. 
The  following  isomers  are  described  in  the 
literature: 

2,4-Dinitro-(m-anisic)  or  2,4-Dinitro-(3 - 
methoxybenzoic ) Acid,  ndls  (from  w),  mp 
240-1°  (dec).  Was  prepd  by  treatg  2,3,4- 
trinitrobenzoic  acid  with  aq  K methylate 

Refs:  l)Beil  10,  (67)  2)M.Giua,  Gazz  45  T, 
355(1915)  & CA  10,599(1916) 

2,6-Dinitro-(m-anisic)  Acid,  col  ndls(from  w), 
mp  195°(Ref  2),  l99°(Ref  3).  Can  be  prepd  by 
oxidation  of  2,6-dinitro-3"methoxybenzalde- 
hyde  with  aq  KMnO«  soln(Refs  2 & 3) 

Refs:  l)Beil  10,  [86]  2)J.Troger  & C. Eicker, 


A447 


JPraktChem  HO,  31-2(1927)  3)H.H. 
Hodgson  & H.G.  Beard,  JCS  1927,  2381 

4,6-Dinitro~(m-anisic)  Acid,  col  ndls,  mp 
186- 7° (Ref  2),  188°(Ref  3),  188-9°  (Ref  4). 
V aiioiis  met  hods  of  prcpn  src  given  in 
Refs  2-5 


45  I,  355(1915)  &CA  10,  599(1916)  3) 
J.Troger  & C.Eicker,  JPraktChem  116,  27 
(1927)  4)H.H. Hodgson  & H.G. Beard,  JCS 

1927,  2381  5)H. Goldstein  & R. Stamm,  Helv 

35,  1332(1952)  & CA  47,  3269(1953) 

2, 3-D initro-(p- anisic)  or  2,3-Dinitro-4- 
metboxybenzoic  Acid,  ndls,  dec  at  248-250°. 
Can  be  prepd  by  oxidation  of  2,3-dinitro-4- 


Refs:  l)Beil  10,  108  2)H.E.Dadswell  & 

j. Kenner,  jCS  1927,  587 

3.5- Dinitro-(o-anisic)  or  3,5-Dirtitro-2- 
methoxybenzoic  Acid,  called  by  UUmann 

3.5- Dinitromethylsalicylic  Acid,  col  ndls 

( [ I W/**. 

. V,Llk/UJ  liip  * " *+o  y 

under  reflux  2-chloro-3,5'dinitrobenzoic 
acid  in  methanol  with  Na  methylate 

Refs:  l)Beii  10,  184  2)F.Ullmann,  Ann 

366,  94(1909) 


Was  first  prepd  by  nitration  of  3-nitroanisic 
acid  (Ref  2).  Other  methods  of  prepn  are 
n»f«>  i x s 

Refs:  l)Beil  10,  184,  (80)  & [108]  2)H. 

Sallcnw slcv  Ri  f.RnHrtlnh  R**r  10  T7SSMQ77> 
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3)F.Ullmann,  Ann  366  , 94(1909)  4)M.P. 
deLange,  Rec  45,  45(1926)  5)j.van  Alphen, 
Rec  48,  1116(1929) 

T rinitroanisic  or  Trinitromethoxybenzoic 
Acids,  CHj.O-QHCNO^-COJl,  mw  287.14, 

N 14.64%  not  found  in  Beil  or  CA  through 
1956 

Anisic  Alcohol  or  Anisalcohol.  Same  Anisyl 
Alcohol 

Anisic  Peroxide.  See  Dianisoylperoxide 
Anisidine.  Same  as  Aminoanisole 

o- Anisidino-diaz ido-copper,  [(N!)3Cu> 
CyHyONHjl,  crysts  explg  at  ca  125°)  but  not 
on  impact;  insol  in  common  org  solvents,  sol 
in  dil  sulfuric  acid.  Was  prepd  by  mixing 
methanolic  solns  of  Cu  nitrate  (or  chloride) 
and  o-anisiuine  with  aq  soln  of  Na  azide, 
followed  by  cooling 

Refs:  l)Beii  — not  found  2)A.Ciruiis  & 

M.Straumanis,  JPraktChem  162,  315(1943)  & 
CA  38,  1969(1944) 


3, 5- Dinit  ro-(o- anisic)  or  3,5-Dinitro-4 - Anisidinotetrazole.  Same  as  Anisylamino- 

methoxybenzoic  Acid,  coi  ndls,  mp  181-2".  tetrazoie 


ANISOLE  AND  DERIVATIVES 


AnjsoU  (Ans),  Methoxy  benzene  or  Methyl* 
phenyl  ether,  CHg'O-QHg  , mw  108,13,  OB  to 
C02  -251.5%  Col  liq,  fr  P -37.3°,  bp  154.5°, 

d 0.995  at  20/4°.  prepn  & other  props  are  in 
Beil  6,  138,  (79)  & [l39l 

A — r I ^ A _ : J ] A J : , — 1 « 
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and  Derivatives  under  Azides,  Organic 
Nitration  of  Anisole  has  been  discussed  in 
many  papers  such  as: 

1) C.A.Bunton  et  al, Nature  158,  514(19.46) 

2) C A. B unton 5cG.  J.Minkoff,  JCS 1947.  1416 
3 )R.M. Schramm  & F.M.Westheimer,  JACS  70, 
1782(1948)  4)N.C.Deno  & R. Stein,  JACS  78, 
378(1956) 

Mononitroanisoles(MNAns)  or  Nitroanisoles, 

CHj«0*C5H4(N0,),  mw  153.13,  N 9.15%,  OB 
to  C0j  -151.5%.  Three  isomers  are  known: 


o-(or  2‘)  Nitroanisole,  col  liq,  fr  p 9-4°,  bp 
272-3,  d 1.253  at  20/4°.  Prepn  & other  props 
are  given  in  Refs  1,4,5  & 6.  It  yields  on 
nitration  a mixt  of  2,4-  & 2,6-DMAns 
m-(or  3-)  Nitroanisole,  col  ndls  (from  ale), 
mp  38°,  bp  258°,  d 1.373  at  18°.  P r^p **i  q#-|ibp 
props  are  given  in  Refs  2,  5 & 6.  It  yields  on 
nitration  a mixt  of  2,5-  2,3-  & 3,4-DNAns 
p-(or  4-)  Nitroanisole,  col  prisms,  mp  54°,  bp 
274,  d 1.233  at  20°.  Prepn  & other  props  are 
given  in  Ref  3.  it  yields  on  nitration  2,4- 
DNAns 


Dis/c*  ( ) 1 ^ DaiI  fk  'y  1 ~1(  1 1 A\ 

[209]  (o-MNAns)  2)Beil  6,  224(116)  [214] 
(m-MNAns)  3)Beil  6,  230(119)  [220]  (p- 
MNAns)  4)E.H.Weltz,  DSP  1578943  (192 6) 
& CA  20,  1631(1926)  5 )P.H. Griffiths  et  al, 

JCS  >934,  631-3  & CA  28  , 4726  (1934  ) 6) 

R.M.Schramm  & E.H.Westheimer,  JACS  70, 


Dinitroonisoles  (DNAns),  OVO-CsH^NO,),, 

mnr  1 O O 1 1 M 1 / 1 2or  AD  * _ r*A  m A/W  nr*  1_ 

xi  a**,  1*4/0,  tu  ^,v/2  —y/.u/o.  inc 
following  isomers  (of  which  the  2,4-DNAns  is 
the  most  important),  are  described  in  the 
literature: 

2,3  - O ini tro anisole  crysts,  mp  11&-190,  d 
1.524  at  20^.  Other  props  and  prepn  are  given 
in  Ref  la.  An  improved  method  of  its  prepn  is 

O i VP  n in  P p/  A '"J 
O-  ’ **•  s*- 

2,4- Di  nitroanisole  (2,4-DNAns)  (Disol,  in 
Ger).  Wh  prisms  with  amber  tinge  for  pure 


material  and  yel  crysts  for  tech  grade.  The 
monocl-prism  form  of  a new  modifn  is  de- 
scribed in  Ref  10  and  dimorphism  in  Ref  11. 
Tech  grade  DNAns  has  mp  ca  89°  and  d 
i.34i  at  20°;  mp  of  labile  form  86.9°  and 
stable  form  94. 6° (Ref  5);  bp  - sublimes  (Ref 
46v  np  w-ai/moin^f  n?  ic  « i i / 

x:c - ■ ' ' ^ r 

mol  (Ref  23)  and  Qe  92.1  kcal/mol(Ref  45). 
Badoche  (Ref  25)  gives  for  Qv  the  same 
value  as  for  Qp  given  above; CQfusion  3.9 

keal/mol  (Ref  17).  It  is  si  sol  in  w;  sol  in 
ale  or  ether.  Numerical  values  for  the  soly  in 
w and  in  twelve  org  solvents  are  given  in 

n _ f 4 i ■ 1 i_  _ 1 * r a 4 n\i  a «.  * _ 
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described  in  Refs  4,5,12,13,31,38  & 40. 

Binary  systems  of  2.4-DNAns  with  various 
compds  are  listed  in  Ref  43  and  absorption 
spectra  curves  are  given  in  Refs  21,27  & 37. 
Like  other  nitroaromatic  compds  it  is  toxic 
and  this  is  discussed  in  Refs  16,30,33  & 44. 

A col  Oil  me  tliC  method  Oi  uclh  Oi  2,4-DNAriS 
is  given  in  Ref  28 

Various  methods  of  prepn  of  2.4-DNAns  are 
discussed  in  Refs  2,3,4,6,19,20,24,31,32,35 
& 41,  but  it  seems  that  the  best  lab  methods 
are:  a)  nitration  of  o-  or  p-MNAns  and  b) 

interaction  of  4- chloro-  1,3-dinitrobenzene 
with  K or  Na  hydroxide  in  aq  methanol.  Yields 
as  high  as  95%  were  reported  with  the  latter 
method 

2.4- DNAns  is  an  expl  about  10%  less  power- 
ful then  TNT  and  less  sensitive  to  impact 
(Refs  15  8i  26);  its  sensitivity  to  initiation  is 
such  that  it  can  be  fired  by  No  8 detonator 
bur  not  very  well  by  No  6 detonator  (Ref  26). 
Its  ealed  temp  of  expln  is  1805°K(Ref  45) 

It  has  been  proposed  as  a component  of 
some  expl  compn.  Under  the  name  of  "Disol” 
it  was  used  in  Germany  as  a component  of 
"Amatol  40”:  DNAns  50,  AN35  & RDX  15% 

- an  explosive  employed  for  filling  some 
warheads  of  V-l  (Ref  47,  p 4).  In  the  USA  it 
has  been  used  by  military  personnel  as  an  in- 
sect repel! ant  (Ref  38) 

2.4- DNAns  yields  on  nitration  2,4,6-TNAns, 
a powerful  explosive 

2,5‘-Dinitroanisole,  col  ndls  (from  benz  + 

ligroin),  mp  96.7°,  d 1.476  at  18°.  Other  props 
and  prepn  are  in  Ref  lc 
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2,6—Dinitroanisole,  col  ndls  (from  ale),  mp 
116-18°,  d 1.319  at  20°.  Other  props  and 
prepn  are  in  Ref  Id 

3,4—Dinitroanisole,  golden-yel  ndls,  mp 
ca  70°.  Other  props  and  prepn  are  in  Refs 
2a  & 18 

3,3-'Dinitroanisole  (3,3— DNAns),  col  crysts, 
mp  105-105.8°,  bp  - sublimes,  d 1.558  at 
20°/4°.  Chemical  reactions  are  described  in 
Refs  12,13  & 29.  Urbanski  (Ref  14)  studied 
eutectic  mixts  of  3,5-DNAns  with  hexanitro- 
mannitol  and  with  nitroerythritol.  Methods  of 
prepn  are  discussed  in  Refs  2b, 8,9,22,31  & 34. 
The  method  of  prepn  from  1,3, 5- trinitrobenzene 
and  Na  methylate  in  anhyd  methanol  is  de- 
scribed in  detail  in  Ref  8 

3,5— DNAns  is  an  expl  less  powerful  than 
TNT  and  slightly  less  sensitive  to  impact 
than  TNT  (Ref  15) 

Refs  (Dinitroanisoles):  la)Beil  6,  251  [239] 
(2,3-DNAns)  lb)Beil  6,  254  (126)  [24 1] 

(2,4-  DNAns)  lc)Beil  6,  256  (127)  (2,5- 
DNAns)  ld)Beil  6,  257  (127)  [245]  (2,6- 
DNAns)  2a)Beil  6,  258  (127)  (3,4 -DNAns) 
2b)Beil  6,  258  (128)  [246]  (3,5-DNAns)  3) 

L.  Desvergnes,  MP  19,  2 69-99  (1922)  & CA 
17,  469  (1923)  4)W.  Borsche,  Ber  56B,  1488- 

93  (1923)  & CA  17,  3326-7  (1923)  5)L.  . 

Desvergnes,  MonSci  14,  249-57(1924)  & CA 
19,  1700  (1925  ) 6)L.  Raiford  & J.  Colbert, 

Proclowa  AcadSci  31,  287-8(1924)  & CA  20, 
2319(1926)  7)J.Troger  & C.Eicker,  JPrakt- 
Chem  116,  17-33,(1927)  & CA  21,  2675(1927) 
8)F.Reverdin,  Org  Synth  7,  28-9(1927)  & Col" 
Vol  2(1944),  pp  219*20  9)L.  Desvergnes, 

RevChimlnd  38,  66-9(1929)  & CA  23,  4207 
(1929)  10)M.Werther  & J.Boak,  ZKrist  73, 

5 72(1930)  & CA  24,  4440  (1930)  11)  j.  van 

Alphen,  Ber  63B,  94-5(1930)  & CA  24,  2441 
(1930)  1 2)G.B . Kolhatkar  & R.B.  Ghaswalla, 

JIndian  ChemSoc  8,  511-6(1931)  & CA  26, 
113-4(1932)  13)R.S.Cahn,  JCS  1931,  1121-3 

6 CA  25,  4245  (193D  14)T.Urbanski,  Rocz- 

Chem  13,  399-434(1933)  & CA  28,  27(1934) 
15)L.  Wohler  & O.Wenzelberg,  AngChem  46, 
175(1933)  16)R.  Jonnard  CR  117,  618-9(1934) 


& CA  29,  2596(1935)  1 7) J. Timmermans, 

BullBelg  44,  17-40(1935)  & CA  29,  2433 
(1935)  1 8)K . S. T opchie v,  CR  4,  201-6(1935) 
& CA  30,  3820(1936)  19)Pepin  Lehalleur 
(1935),  p 256  20)C.W.Pohlman,  Rec  55, 
737-52(1936)  & CA  30,  7110(1936)  21) 

H.Halban  & B.Szigeti,  Helv  20,  746-61(1937) 

& CA  31,  6557  (1937)  22)H.Degiorgi  & E. 
Zappi,  BullFr  [5]  4,  1636-42  (1937)  & CA 
32,  519(1938)  23)E.Burlot  et  al,  MP  29, 
257(1939)  24)B.M.Bogoslovskii  & L.M. 
Tsil'man,  PromOrgKhim  6,  445-8(1939)  & 

CA  34,  2360(1940)  25)M.Badoche,  Bull 
Fr9,  86-95(1942);  Chem  Ztr  1942  II,  2013  & 
CA  38,  2558(1944)  26)NDRC  Rpt,  Sec  B-l, 
IntRpt  PT-2,  Sept  to  Oct  1942  27)H.Mohler, 
Helv  26,  121-9(1943)  & CA  38,  299-300(1944) 
28)M.S.Schechter  & H.L.Haller,  IEC  (Anal  Ed) 
16,  325-6(1944)  & CA  38,  3221(1944)  29) 

G.Zemplen  et  al,  Ber  77,  446-51  (1944)  & CA 

40,  4374(1946)  30)P.Gavaudan,  MSCE  32, 

418-42(1945)  & CA  42,  5601(1948)  31)P.E. 
Verkade  et  al,  Rec  65,  368(1946)  32)B.B. 

Dey  et  ai,  J Sc  ilndRe  search  (India)  5 B No.  3, 
37-40(1946)  & CA  43,  2599(1949)  33)J.R. 

Busvine,  AnnApplBiol  33,271-9(1946)  & CA 

41,  2850(1947)  34)P.E. Verkade  & P.H. 

Witjens,  Rec  65  , 631-9(1946)  & CA  40  , 6435 
(1946)  35)J.  van  Steenis,  Rec  66,  29-46 

(1947)  & CA  41,  4787(1947)  36)Y.  Ogata 

& M.  Okano,  JChemSoc  (Japan),  Pure  Chem 
Sect  69,  148-51(1948)  & CA  46,  4500(1952) 
37}A.I.Shatenstein  & Ya.M.  Varshavskii,  Zh- 
FizKhim  22,  529-39(1948)  & CA  42,  6659 
(1948)  38)J.H.Draize  et  al,  JPharmExptl 
Therap  93,  26-39(1948)  & CA  42,  6051(1948) 
39)Y. Ogata  &.  M.Okano,  JACS  71,  3211-2 
(1949)  & CA  44,  2945  (1950)  40)T.Canbick, 
FarmRevy  48,  217-24,234-41  & 249-58(1949) 
& CA  43,  6174-5  (1 949)  41)W.B.Whalley, 

JCS  1950,  2241-3(1950)  & CA  45,  3347(1951) 
42)D.L. Vivian  et  al,  JOC  16,  6(1951)  & CA 
45,  6642(1951)  43)H.Reiboldt  & M.Perrier, 
Univ  Sao  Pauio,  Facuidade  Filosof  Cienc  e 
Letras,  Bol  No  129,  Quimica  No  3,  75-97  & 
127-9(1951)  & CA  46,  7552-4(1952)  44) 

E.W. Simon  & G.E. Blackman,  JExptl  Bot  4, 
235-50(1953)  & CA  48,  934(1954)  45)  A.D. 
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Little  Punch  Cards  (1954)  46)Sax (1957), 
p 628  47)PATR  2510(1958),  4 & 36 

5-Nitroso-2,4-dinitroonisole,  CH,*0*C6H2‘(N0)- 
(NOjJj,  raw  227. 13,  N 18. 50%,  orange-yel 
crysts  (from  AcOH),  mp  15 8° (dec).  Was  ob- 
tained by  oxidation  with  chromic  acid  of 
N-  (4,6-dinitro-3-methoxyphenyl)-hydroxylamine 
as  described  in  Ref  2 
Refs:  l)Beil  6,  [2531  2)W.Borsche  & E. 
Feske,  Ber  59,  818  (1926) 

Trinitroanisoles  (TNAns),  CHa  ■ O ■ Q Ha  (NO,  )$ , 
raw  243-13,  N 17.28%,  OB  to  CO, -62.5%.  The 
following  five  isomers  are  all  expl: 

2,3,4’Trinitroanisole,  It  yel  ndls,  rap  155°; 
sol  in  ale,  expl  on  heating,  Prepd  by  Vermeulen 
by  nitration  at  80°  of  2,3-DNAns  with  mixed 
nitric- sulfuric  acid  (Refs  3 & 9) 

2.3.5- Trinitroanisole,  leaflets  or  rhombic 
bipyramidal  crysts,  mp  104-106.8°,  d 1.618 
at  15°‘,  sol  in  w,  ale  acet  or  pyridine.  Quan- 
titative soly  in  var  org  solvents  given  in  Ref 
30.  Prepd  by  the  nitration  of  3,5-DNAns  with 
mixed  nitric- sulfuric  acid  (Ref  4) 

2.4.5- Trinitranisole,  almost  colorless  crysts 
from  ale,  mp  104-107°;  si  sol  in  ligroin,  sol 
in  ale.  Prepd  according  to  Vermeulen  by 
nitrating  2,5-DNAns  with  mixed  nitric- sulfuric 
acid  (Refs  4 & 9) 

2.4.6- Trinitroanisole  (TNAns)  (Nitrolit; 

Methyl  Picrate  or  2,4,^-Trinitrophenylmethyl 
Etbqr)  [Trinitroanisole  in  Fr;  Trinitroanisol 
or  Trisol  in  Ger;  Trinitroanisol*  in  Rus; 
Trinitroanisolo  in  Italy;  Trinitroanisol  in 
Spain;  Type  91  Explosive  in  Japan].  Pale 
^el  leaflets,  mp  65-67°  (coml)  and  68.4° 

(pure);  bp  310°,  d (cast)  1.4,  d at  max  loading 
press  1.7;  Q’  792.1  keal/mol  (av  value  from 

Refs  31,41,46  a 50),  784.4  keal/mol  (Ref 

31),  42.5  keal/mol  (Ref  68),  Q^  (ealed) 

136.5  keal/mol  (Ref  63),  Q vapn  15  keal/mol 
(Ref  59),  Q subin  (Ref  63)  appt  dipole  moment 
(Ref  64)  and  absorption  spectra  (Refs  44,52  & 
66), 


Solubilities  of  TNAns  in  Various  Solvents, 
as  Determined  by  Desvergnes  (Ref  26) 

(g  TNAns  per  100  g solvent) 


Solvent 

15° 

50° 

100° 

Water 

0.02 

0.14 

0.39 

Chloroform 

25.6 

334.5 

Carbon  tetra- 

0.51 

3.65 

— 

chloride 

Benzene 

95. 

597.9 

— 

Toluene 

86.5 

421.5 

— 

Methanol 

5.24 

27.65 

— 

Abs  alcohol 

2.37 

21.36 

— 

96%  alcohol 

2.31 

17.79 

— 

Ether 

4.16 

7.86  (34°) 

_ 

Acetone 

194 

813.2 

- 

Ethyl  acetate 

89.4 

368.5 

— 

Carbon  disulfide 

0.43 

1.11 

— 

P y ridine 

40.4 

221. 

” 

The  toxicity  of  TNAns  is  discussed  in 

Refs  16,  49,57,67  & 70a; 

its  chem  reactions 

in  Refs  7,11,15,16,17,21,23,27,32,35,38,45, 

47,55 ,65,69 & 70 

TNAns  forms 

eutectics  with  the  following 

compds: 

% 

mp 

Refs 

Picryl  sulfide 

13 

62.5 

25 

Terry  1 

70.5 

22.8 

29 

o-Nitroaniline 

33.3 

30.2 

33 

Erythritol- 

74 

addition 

42 

tetranitrate 

TNB 

37.5 

compd 

45 

42 

TNT 

40 

42 

42 

TNT/TNB 

54.4 

30 

42 

(26.8/27.6) 

PA/TNB 

38. 

37.5 

43 

(3.8/34.2) 

TNT/PA 

51. 

37 

43 

(30/21) 

TNAus  is  hygroscopic  and  is  decompd  by 
hot  water  with  the  formation  of  iso-picric 
acid  (qv)  (Ref  26).  TNAns  was  prepd  in 
1849  by  Cahours  by  direct  nitration  of  anisole 
(Ref  6).  This  method  according  to  Davis 
(Ref  51)  is  dangerous  as  it  may  produce  an 
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expin.  He  recommends  for  lab  prepn  the 
method  of  Jackson  (Ref  7)  in  which  a 
methanol ic  solo  of  picryl  chloride  is  treated 
with  an  excess  of  sodium  methylate  or  strong 
NaOH  soln.  Deposits  of  red  crysts  of  (02NV 
CsHaOCH3NaOCHj  are  obtained  which  on 
treatment  with  acid  yield  2,4,6-TNAns.  Davis 
(Ref  51)  describes  this  lab  method  in  detail. 

For  plant  scale  prodn  see  Refs  9,24,34,36,  40  & 
60.  Additional  info  on  the  prepn  and  props  is 
given  in  Refs  5,10,24,36& 61.  Damschroeder 
& Shriner  (Ref  45)  observed  that  2,4,6-TNAns 
prepd  from  picryl  chloride  and  MeONa  in  MeOH 
exists  in  4 forms:  sq  plates-mp  50-1°,  hexa- 
gonal plates  - mp  56-7°,  prisms  - mp  58-9 
and  needles  - mp  69*9°  (stable  form).  Ovenston 
(Ref  58)  reported  the  monotropic  transformation 
in  2,4,6-TNAns.  He  prepd  jS-TNAns  (mp 
57.5°)  by  sealing  a-TNAns  (mp  68°)  in  glass, 
immersing  it  in  boiling  HaO,  supercooling  and 
inducing  crystn  with  broken  glass.  According 
to  Ovenston,  in  a lab  completely  free  of  ar 
form,  the  /3- form  may  be  the  sole  product  in 
the  usual  synthesis  of  TNAns 

Explosive  Properties.  TNAns  was  developed 
as  a substitute  for  PA  which  is  high-melting 
and  tends  to  react  with  metals.  The  dry 
TNAns  does  not  attack  metals  since  it  con- 
tains no  hydroxyl  groups,  and  it  therefore 
does  not  form  dangerous  metallic  salts,  as 
does  PA.  Its  relatively  low  mp  permits  cast 
loading  of  the  expl,  but  it  will  exude  at 
tropical  storage  temps.  TNAns  is  compatible 
with  NC  with  which  it  forms  colloidal  mixts 
The  following  expl  props  have  been  reported: 

Booster  Sensitivity,  by  Gap  Test,  6.5  cm  vs 
13  cm  for  PA  (Ref  62) 

Brisance , by  Sand  Test,  43g  vs  43  for  TNT 
(Ref  57)  and  110%  TNT  (Ref  28);  by  Copper 
Cylinder  Crusher  Test  92%  PA  or  100%  TNT 
(Refs  18  & 52a) 

Detonation  Rate  6660  m/s  at  d 1.59  (Refs 
18  & 68),  6900  m/s  (Ref  57)  and  7640  m/s  vs 
6880  for  TNT  (Refs  24  & 52a) 

Explosion  Temperature  165 -296°  (Ref  57)> 
225°  (Ref  48)  & 279-  500°  (Ref  53) 


Impact  Sensitivity  15-16"  vs  14"  for  TNT 
by  PicArsnApp  using  2kg  wt;  max  value  for 
no  expln  with  5kg  wt  — 19  cm  or  20%  positive 
at  100  cm  and  30%  positive  at  110  cm  vs 
50%  positive  at  30  cm  for  PA  (Ref  24);  FI 
120-124%  PA  and  by  Rifle  Bullet  Test-no  deron 
from  impact  of  -30  cal  bullet  fired  from  90  ft 
(Ref  57)(See  also  Ref  52a) 

Impact  Work  for  50%  exp  Ins  with  2 kg  wt: 

10.1  m kg/cm2  or  89%  TNT  (Ref  37) 

Power  by  BalMort  106%  of  TNT  (Refs  19  & 

68)  by  Trauzl  Test  98%  PA  (Refs  18  & 22) 
and  112%  TNT  (Ref  68);  by  Manometric  Bomb 
Test  — develops  2850  kg/cm2  at  loading  d 
0.25  vs  3230  for  PA  (Ref  24,  p 282);  by  French 

Trauzl  Test  (CUP)  96%  PA  (Ref  62)(See  also 
Ref  52a) 

Pressure  (maximum  theoretical)  if  exploded  in 
own  volume  and  without  loss  of  heat  — 9235 
kg/ cm3  at  d 1.5  (Refs  20  & 52a) 

Sensitivity  to  Initiation  for  0.5  g sample  of 
TNAns  loaded  in  a detonator  cap  at  1100  kg/ 
cm2,  a min  of  0.37  g MF  or  0.28  g LA  is  reqd 
(Refs  13  & 52a) 

Specific  Energy  (f)  8232  vs  8080  for  TNT  or 
102%  TNT  (Ref  18) 

Stability  — fairly  stable  in  dry  state,  but  in 
the  presence  of  moisture  it  will  hydrolyze  to 
PA  which  reacts  with  metals  to  form  sensitive 
picrates;  in  the  presence  of  ammonia,  TNAns 
gives  picramide  (Ref  36).  Due  to  its  low  mp, 
TNAns  will  exude  if  stored  at  elevated  temps 

Temperature  of  Explosion  or  Detonation: 

23 66°K  (calcd)  (Ref  68) 

Uses.  Because  of  low  mp  (exudation)  and 
poor  stability  in  presence  of  moisture,  TNAns 
was  not  used  extensively  for  military  pur- 
poses. It  was  used,  however,  as  a substitute 
explosive  and  also  when  it  was  necessary 
to  lower  the  mp  of  other  expls,  such  as  PA 
Following  are  some  uses  of  TNAns: 

France.  According  to  Pepin  Lehalleur(Ref  40) 
TNAns  was  manufd  at  the  Poudrerie  de  Saint- 
Fons  by  nitration  of  DNAn«  bur  does  not 
describe  its  uses 
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Germany.  According  to  Marshall  (Refs  12  & 
34a)  straight  TNAns  and  its  mixts  with  HE’s 
and  AN  were  used  to  some  extent  for  filling 
bombs  and  shells.  Straight  TNAns  was  used 
in  some  boosters,  and  mixts  of  TNAns  with 
hexanitrodiphenyl  sulfide  for  filling  bombs 
(Ref  51a).  Straight  TNAns  (Trisol)  was  used 
in  long  range  projectiles  (Ferngeschiitz- 
granaten),  which  were  fired  against  Paris 
(Refs  60  & 72).  It  was  also  used  in  sea  mines 
and  torpedoes  (Ref  57,  p 1 10) 

Great  Britain  — no  information  at  our  disposal 

Italy  — no  info  about  its  use  for  military 
purposes,  but  it  was  used  in  a mining  expl 
constgof  TNAns  20  & AN  80%.  Belgrano(Ref 
66a)  analyzed  the  expl  and  reported  its 
props  as  Trauzl  test  value  420  cc  and  gap 
test  2 cm 

Japan . Straight  TNAns,  under  the  name  of 
Type  91>was  used  during  WW  II  in  AP  shells 
and  bombs  such  as  in  jet-driven  suicide  planes 
(Refs  52a, 53, 54 & 57).  Its  mixtures  with  AN 
and  some  HE’s  were  used  by  both  Army  & 
Navy.  These  included  A(ko)  or  Type  A,  called 
also  Otsu-B[TNAns(or  TNT)  60  HNDPhA  24 
& A1  16%)  (Ref  52a  & Ref  53,  p 32)  - it  was 
intended  to  replace  Type  97H,  called  also 
Seigata  (TNT  60  & HNDPhA  40%)in  torpedo 
warheads;  B4  or  Type  2 (incendiary  expl 
contg  TNAns  60  or  70  & At  powder  40  or  30%) 
(Ref  52a);  f,E”  (Expiosive),called  also 
Nitrolit  (TNAns  60  & AN  40%)  (Refs  52a  & 

57,  p 110);  H2  Kongo  (Ha  Mixture)  (TNAns 
70  & HNDPhA  30%)  - press-loaded  in  bomb 
auxiliary  boosters  (Ref  52b  & Ref  53,  p 31); 
same  expl  cast-loaded  in  bombs,  sea  mines 
and  depth  changes  was  called  Type  98  (Ref 
53,  p 32);  Type  98H  (Navy)'  (TNAns  60  & 
HNDPhA  40%)  — cast-loaded  in  bombs,  tor- 
pedoes, depth  charges  & other  ammo,  re- 
placing PA  & TNT(Ref  52a  & Ref  57,  p 109); 
Type  94M  (TNAns  60&RDX  40%)  — used  in 
some  shaped  charges  & booster  surround;  its 
use  in  torpedo  warheads  was  discontinued 
due  to  its  sensitivity  to  sympathetic  deto- 
nations (Ref  52a  & Ref  53,  p 32) 


Russia  — no  information  at  our  disposal 
Switzerland  — used  under  the  name  of  Trisol 
(Ref  60).  Was  manufd  during  WW  II  by  the  SSF 
A-G,  Dottikon(Aargau) 

United  States  of  America.  According  to 
Colver(Ref  14)  an  Amer  inventor  Hudson 
Maxim  patented  in  1904-5  the  use  of  TNAns 
in  the  manuf  of  smokeless  propellants.  In 
a later  patent  (Ref  8)  is  given  the  compn  of 
such  propellants  as:  TNAns  40-50  & pyro- 
cellulose  60-40%.  Recent  investigation  at 
the  Armour  Res  Inst  (Ref  71)  has  shown  that 
TNAns  is  useful  as  an  anticracking  additive 
to  cast  TNT  and  Comp  B.  Optimum  percent- 
ages are:  0.4-0. 8%  for  TNT  and  0. 8-1.0%  for 
Comp  B.  Exudation  of  samples  contg  0.1- 
0.2%  TNAns  in  Comp  B and  0. 1-0.4%  in  TNT 
was  only  slightly  higher  than  that  for  straight 
TNT.  At  higher  percentages  of  TNAns  the 
extent  of  exudation  was  too  great  (Ref  71) 

3,4,5-Trinitroanisole,  si  yel  needles,  mp 
119- 120°,  si  sol  in  ligroin,  sol  in  AcOH.  Can 
be  prepd  according  to  Vermeulen  (Ref  9)  by 
nitration  of  2,5-DNAns  with  mixed  nitric- 
sulfuric  acid  (Ref  2) 

Refs  (Trinitroanisoles):  1)  Beil  6,  (129)  2) 

Beil  6,  (141)  3)Beil  6,  264  & (129)  4)Beil 
6,  264,  (129)  & [253]  5)Beil  6,  288,  (140)  & 
[280]  6)A.Cahours,  Ann  69  , 236(1849)  7) 

C.jackson  et  al,  AmChem  J 20,  448(1898)  & 

JCS  74, 1,517(1898);  AmChemJ  23,  294,  376-96 
(1900)  & JCS  78,1,433  (1900)  8)H.Maxim, 

USP  951,445  (1910)&CA  4, 1546(1910)  9) 

H. Vermeulen,  Rec31,  101-4(1912)  10)A.L. 

Broadbent  & F.  Sparre,  8th  Inti  Cong  Appl 
Chem  4,  15(1912)  & CA  35,  3522  (1941)  11) 

M.Kohn  & F.Grauer,  Monatsh  34, 1751-5(1913) 

& CA  8,  500(1914)  12)Marshall  vl  (1917) 
p 284  13)L. Wohler  & F. Martin,  SS  12,  19 

(1917)  l4)Colver(1918)7  336-40,  342  & 

702  15)M.Giua  & F.  Cher  chi,  Gazz  49  II, 
152-7(1919)  & CA  14,1531(1920)  16)F. 

Koelsch,  ZAngChem  33,1,1-5(1920)  & CA14, 
2034(1921)  17)M.Giua  et  al,  Gazz  50  II, 
300-12(1920)  & CA  15,  2280(1921)  18)H.Kast, 
SS  15,  173  & 184(1920)  19)W.Cope,  IEC 
12,  870(1920)  20)J .Crawshaw,  JFranklnst 
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189,  607(1920)  21)Michele  Giua  & Mario 
Giua,  Gazz  51  I,  313*7(1921)  & CA  16,  77 
(1922)  22)B.  Fltirscheim,  JSCI  40,  I,  97 

(1921)  23)M.Giua,  Gazz  52  I,  182(1922)  & 

CA  16,  2493(1922)  24)L.Desvergnes,  MP 
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Trinitroanisole  Complex,  CH3-0-C6H2(N02)3 - 
3CHAcNaC02CjHs  , red  amor  ppt,  expl  on 
heating;  sol  in  ale  or  acet.  It  was  obtained  on 

I treating  a benzolic  soln  of  TNAns  with  a 
benzolic  soln  of  ethyl  sodium  acetate.  Another 
expl  complex  was  obtained  on  treating  TNAns 
with  ethyl  sodium  malonate 
Re[:  C.L. Jackson  & F.H.Gazzolo,  Amer  Chem- 
J 23,  376(1900)  & JCS  78,  I,  433-4(1900) 
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Tetranitroani soles  (TeNAns),  CH3*0-C6H- 
(N02)4,  mw  288.13,  N 19.45%,  OB  to  C02 
“38.9%.  Three  isomers  are  theoretically 
possible:  2,3,4,5-TeNAns,  2,3,4,6-TeNAns 
and  2,3,5,6-TeNAns,but  only  the  latter  two 
are  described  in  the  literature: 

2,3,4#6-TetrQnitroanisole(2,3,4,6-TeNAns), 

granular  or  plates,  mp  94°,  d 1.64;  v si  sol  in 
w,  ale  or  eth;  si  sol  in  cold  chlf,  readily  sol 
in  hot  chlf.  Prepd  by  nitrating  m-nitroanisole 
(Refs  1 & 3).  This  expl  is  reported  to  be  more 
powerful  and  brisant  than  TNT.  It  gelatinizes 
NC.  Its  sensitivity  to  impact  is  comparable 
to  that  of  tetryl  and  it  explodes  on  heating 
at  about  300°  The  nitro-group  in  the  3 posi- 
tion is  readily  replaced,  for  example,  by  a 
hydroxyl  group  on  heating  with  water.  2,3,4,- 
6-TeNAns  was  used  in  Germany  in  primary 
expl  mixts  and  as  an  ingredient  in  HE  compo- 
sitions (Ref  5).  This  isomer  is  reported  to  be 
equal  in  expl  props  to  the  2,3,5,6-isomer  (de- 
scribed below)  but  because  of  its  lower  mp, 
the  use  of  2,3,4,6-TNAns  is  preferred  to  the 
higher  melting  compd  (Ref  5) 

2,3,5,6-Tetranitroanisole  (2, 3,5, 6 -TeNAns) 

exists  in  two  cryst  modifications:  col  with 
mp  153.5°  and  yel  with  mp  1120-,  on  crystn 
from  ale,  col  crysts  appear  first,  then  change 
to  the  yel  modifn  (Ref  2).  It  is  non- hygroscopic. 
Desvergnes  (Ref  6)  reported  the  following 
solubility  data: 

g 2,3,5,6-TeHAns/100  g Solvent  of  29° 


Chloroform 

0.79 

Carbon  tetrachloride 

0.07 

Benzene 

1.55 

Toluene 

1.02 

Methanol 

4.39 

Abs  alcohol 

2.38 

96%  alcohol 

1.88 

Ether 

1.66 

Acetone 

1.15 

Ethyl  acetate 

37.0 

Carbon  disulfide 

0.08 

Pyridine 

* 

* Also  dissolves  in  pyridine  with  evoln  of  nitrous 
gases,  imparting  a red  coloration  to  the  solo 


2,3,5,6-TeNAns  can  be  pred  by  nitration, 
with  mixed  nitric- sulfuric  acid,  of  either  2,3, 
5-TNAns  or  3,5-DNAns  (Ref  4) 

Explosive  Properties:  Explosion  Temperature 
300°  (Ref  4);  Impact  Sensitivity  20  to  35  cm 
vs  25  cm  for  tetryl  & 110  cm  for  TNT,  using 
2 kg  wt  (Ref  4);  Power,  by  Lead  Block  Ex- 
pans ion, 3 80-400  cc  vs  290  cc  for  TNT  or  131“ 
8%  TNT  (Ref  4);  Reactivity-  the  nitro  group 
in  the  3 position  is  readily  replaced;  Stability 
claimed  to  be  as  stable  as  TNT  (Ref  4)  but 
not  found  so  by  others.  See  also  Ref  8 
Uses:  TeNAns  was  used  in  Germany  in 
initiating  and  other  expl  mixts  (Refs  3 & 7) 
but  later  was  found  to  be  too  reactive  and 
too  sensitive  for  military  or  coml  application. 
No  information  at  our  disposal  about  its  uses 
in  other  countries 

Refs  (Tetranitroanisoles)  l)Beil  6(142)  2) 

Beil  6,  293,(142)  & [284]  3)J.  J.Blanksma, 

Rec  23,  114-16(1904)  4)C.CIaessen,  Ger- 
P 288,  655(1913)  & CA  10,  2800(1916)  5) 

C.Claessen,  GerP  289,446(1914)  & CA  10, 
3162(1916)  6)L. Desvergnes,  Rev  Chimlnd 

38,  69(1929)  & CA  23,4207(1929)  7)A.H. 

Blatt  & F.C.  Whitmore,  OSRD  Report  1085 
(1942), p 83  8)A.H.Blatt,  OSRD  2014 
(1944) 

ANISOLE  AND  DERIVATIVES,  ANALYTICAL 
PROCEDURES 

A) Anisole  gives  with  Se02  or  with  Na  selenite 
in  coned  H2S04  a dark  green  coloration  (Ref 
1).  For  quantitative  estimation  of  anisole, 

Dr  H.  Walter  (Ref  7)  suggests  the  bromination 
method,  simply  by  adding  bromine  water.  This 
gives  2,4,6-tribromoanisole.  Det  its  mp(87-8°) 
and  mixed  mp 

B) Mononitroanisoles.  The  following  method 
is  suggested  by  Dr  H.  Walter:  Hydrolyze  the 
sample  by  boiling  it  with  aq  KOH  in  the 
presence  of  some  alcohol: 

H3C0-C6H4-N02  ^^KO-CaVNOj 

Acidify  with  aq  HC1  and  extract  the  resulting 
nitrophenol  with  ether.  Evap  the  ether, 
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recrystallize  the  residue  from  hot  ale  and 
identify  the  crysts  by  mp,  mixed  mp  and/or 
IR  spectra.  When  the  sample  contains  a mixt 
of  several  isomers,  the  presence  of  o-  and 
p-isomers  is  indicated  by  the  intense  yel 
coloration  produced  in  aq  KOH.  The  m-isomer 
does  not  produce  this  coloration  in  the  pres- 
ence of  KOH 

IR  spectrograms  of  m-  and  p-nitroanisoles 
were  prepd  at  PicArsn  by  Pristera  et  al  (Ref 
6) 

C)Dinitroanisoles.  The  following  methods  are 
suggested  by  Dr  H.  Walter: 

Method  L Dissolve  a sample  in  aq  methanol, 
add  KOH  and  reflux: 


method  described  on  p A415 

The  IR  spectrogram  of  2,4-DNAns  was  made 
at  PicArsn  by  Pristera  et  al  (Ref  6) 

A method  of  analysis  of  2,4-DNAns  samples 
contg  2,4-dinitrochlorobenzene  was  developed 
at  PicArsn  by  S.M.  Kaye  (Ref  4).  In  this  method 
the  amt  of  2,4-DNClB  is  estimated  from  the 
amt  of  chloride  detd  by  means  of  a photo- 
electric turbidimeter 

D)Trinitroanisole.  The  following  method  is 
suggested  by  Dr  H. Walter: 

Dissolve  a sample  in  aq  methanol,  add  KOH 
and  reflux 

(02N)3C6H2.0CH3  CHi°K>  (OaN)sC6H2  -OK 


(02N)2  QH3-OCH3  (02N)2QH3-0K 


Evaporate  the  resulting  soln  of  potassium 
dinitropnenolate  to  near  dryness  and  dissolve 
the  residue  in  coned  H2SO«  (with  cooling). 

Add  gradually  coned  HN03(d  1.5)  in  order  to 
obtain  PA: 

(OaN),CBH,-OK^?!2*  (OjN^QHj-OH 

Add  an  excess  of  Na  acetate  and  then  Pb 
acetate.  Separate  the  resulting  ppt  of  Pb 
picrate  and  weigh.  PA  content  may  also  be 
detd  colorimetrically 

Method  2,  Dissolve  the  sample  in  aq  methanol, 
add  KOH  and  gently  reflux.  Cool  the  soln  and 
add  aq  HC1,  followed  by  stannous  chloride: 

H,C0.C4H3(N02)2  ^^K0-CeH3(NO2)2 


HC1 


H0-C6H3(N02) 


Reduction 
2 with  SnCi2 


H0‘C6H,(NH2)2 


Treat  the  resulting  diaminophenol  with  di- 
azotized  sulfanilic  acid  to  obtain  the  orange 
colored  dye: 

(H2N)2(HO)C6H3  + NiN-C4H4-S05'  * 


(H2N  )2(HO  )C6H2-N=N-  C6H4  -S03  H 


Transfer  the  soln  to  a vol  flask,  take  an 
aliquot  and  test  it  colorimetrically 
Note:  If  additional  identification  is  desired, 
det  nitrogen  content  by  titanous  chloride 


Det  the  content  of  potassium  picrate  either 
colorimetrically  or  gravimetrically,  such  as 
by  pptn  with  Pb  acetate 

IR  spectrogram  of  2,4,6-TNAns  was  prepd 
at  PicArsn  by  Pristera  et  al  (Ref  6) 

Identification  of  TNAns  when  in  mixt  with 
HNDPhA,  such  as  was  encountered  in  the 
Japanese  45  mm  rocket  was  done  at  PicArsn 
by  Weissberger(Ref  2)  as  follows: 

Procedure:  a)0.4g  sample  of  rocket  chge  was 
treated  in  a tared  100  ml  beaker  with  50  ml  of 
hot  benzene  and  the  mixt  allowed  to  stand 
on  a hot  bath  for  10  mins  with  frequent  stir- 
ring b)The  beaker  was  removed,  cooled  to 
10-12°  and,  by  means  of  a filtering  stick,  the 
supernatant  soln  of  a material,  later  iden- 
tified as  TNAns,  was  removed  c)The 
residual  material,  later  found  to  be  HNDPhA, 
was  washed  3 times  with  5 ml  of  cold  benzene 
(10°)  and  dried  to  const  wt.  The  increase 
in  wt  of  the  beaker  was  considered  as  the 
amt  of  HNPhA  d)After  evaporating  the 
benzene  from  soln  (b)  the  residue  was  iden- 
tified as  TNAns  by  its  mp  (65-67°)  and  its 
equivalent  wt  of  13.5  was  detnd  by  reduction 
with  titanous  sulfate  e)The  residue  in 
beaker  of  proced  (c)  was  identified  as 
HNDPhA  by  its  mp  (242°)  and  its  equiv  wt 
of  12.6  f)The  TNAns  was  confirmed,  as 
such,  by  the  mp  of  a mixt  of  the  unknown 
material  and  pure  TNAns  (mixed  mp),  and  the 
similarity  of  spectrophotometric  curves  and 
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in/v 


the  X-ray  diffraction  pattern  of  the  unknown 
material  and  pure  TNAns  g)The  HNDPhA 
was  confirmed,  as  such,  by  the  same  tests 
as  in  proced  (e) 

Note : If  additional  identification  is  desired 
det  nitrogen  content  by  titanous  chloride 
method,  described  on  p A4I> 

E)Tetranitroanisole.  The  following  method 
is  suggested  by  Dr  H.  Walter: 

Reflux  a sample  with  methanolic  KOH  in 
excess,  whereby  potassium  styphnate  is 
formed 


HjCO-QHCNCU 


KOH  in 
CHjOH 


K0-QH(N02),-0K 


m-Anisoylazide  or  3-Metboxybenzoylazide, 
mp  22.5°,  dec  61°.  Was  prepd  by  treating  3- 
methoxybenzoyl chloride  in  acetone  with  aq 
Na  azide 

Refs:  i)Beil  — not  found  2)C.NaegeIi  et  al, 
Helv  21,  1139(1938)  & CA  33,  540(1939Xnot 


p-Anisoylazide  or  4-Metboxybenzoylazide. 

/too  ono 

Ill^y  j uvv-  uv  y/}  vu. v_ <i_ 

(Ref  2).  Sah  & Chang  (Ref  2)  prepd  it  in  95% 
yield  by  diazotization  of  p-methoxybenzoylhyd- 
razide.  Naegeli  et  al  (Ref  3)  prepd  it  by  adding 
the  calcd  amt  of  Na  azide  to  an  acetonic  soln 


of  p-methoxybenzoylchloride.  They  also 
claimed  that  this  compd  was  first  prepd  in 

i r\n  l I . n _ _ n_  n Tt;  i i ii_  _ . _ i /O 

uy  w.  or  miner  « agouti,  iwunatsn  vw, 

376(1933) 


Weigh  the  sample  and  identify  the  styphnate 
by  decompg  a portion  of  it  with  aq  HC1,  ex- 
tracting the  free  styphnic  acid  formed  with 
ether, evapg  the  ether, and  recrystallizing  the 
residue  from  crHsooli  Id  entify  srypHnic  scid 
by  detg  its  mp,  mixed  mp  and/or  IR  spectra 

A/ 0 / £» .•  f f additional  identification  is  desired 
det  nitrogen  content  by  titanous  chloride 
method,  as  described  on  p A415 

Refs:  l)Beil  6,  [1423  2)S.Weisberger,  Pic 

ArsnGenLabRept  117206(1946)  3)Kirk  & 
Othmer  — not  found  4)S.M.Kaye,  PicArsn 
GenLabRept  52-HI-3074(1952)  5)0rganic 
Synthesis,  Interscience,  NY,  vols  1-3(1953- 
6)  — not  found  6)F.Pristera  et  al,  PATR 

z/i  /v  * m t OO  rnn/i  a/a\  — r\ 

« nnai  Lncm  nyo^iyow  / j 

Dr  H.  Walter,  PicArsn;  private  communication 
(I960) 

An  isolebutane.  Same  as  Butylanisole 
Ani solecthanc.  Same  as  Hthylanisole 
Ani  solemethane.  Same  as  Methylanisole 
An  isolepropane.  Same  as  Propylanisole 


Anisoylazide  or  Methoxybenzoylazide 

(Anisic  Azide  or  Metboxybenzazide) 

Hj CO ■ C6H4 -CO »N3 , mw  177.16,  N23.72%.  Fol- 
lowing isomers  are  described  in  the  literature 


r»  _ / 1 \t»  _'1  f.  . _ j n »r  n _t  o.  ir 

j.  /iDtfii  — nut  ro  miu  *r  . i .oan  oc  jr^. 

Sh.  Chang,  Ber  69B,  2764(1936)  & CA  31 , 218 
(1937)  3 )C. Naegeli  et  al;  Helv  21.  1139 

(1939) 


Ma  # ^ * a his  compd 


recj  :n  33  54 n 


(1939),  but  the  props  are  those  of  the  3- 


isomer 


Ani soylperoxide.  See  Dianisoylperoxide 


ANISYL  ALCOHOL  AND  DERIVATIVES 

Anisyl  Alcohol  or  Metboxybenzyl  Alcohol, 
HsCO-QH,-CH3OH.  All  three  isomers:  o-, 
m-  and  p-  are  described  in  Beil  6,  893,  896, 
897,  (439,440)  & (878,  881  & 883) 

Anisyl  Alcohol,  Azido—,  CgH^NjOj  and 
Diaziod — , CbHbN6Oj  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 
Anisyl  Alcohol,  Nitrates,  HjCO’QlVCHa-- 
0n02.  Aii  three  isomers  o-,  m-  and  p-  were 
prepd  by  j.W. Baker  & T.G.Heggs,  Chemistry 
j.  Industry  1954,  464  from  Ag  nitrate  and  the 
corresponding  chlorides.  The  p-isomer  was 
too  unstable  to  distil 

Mononitroanisylalcobols,  CBh4N04.  Several 
isomers  are  described  in  Beil  6,  901,(440)  & 
[880,884]  and  in  various  papers 

Dinitrodnisylalcobols,  CjHBN206,  mw  228.16, 


A45? 


Nl2.28%.  Two  isomers:  3-methoxy-2,6’dinitro- 
benzyl  alcohol,  mp  139. 5*40.5°  and  3’metboxy- 
4,6-dinitrobenzyl  alcohol,  mp  135*6°  were  prepd 
by  E.L. Jackson,  JACS  79,  2912(1957)  & CA 
51,  14615(1957) 

Dinitroanisylalcohol  Nitrate,  CgRjNjOj  and 
higher  nitrated  derivs  were  not  found  in  Beil 
or  CA  through  1956 

Anisylaminotetrazole  and  Derivatives.  See 

Aminomethoxyphenyltetrazole  and  Derivatives 


ANISLYTETRAZOLE  AND  DERIVATIVES 

Anisyltetrazole  or  Methoxypbenyltetrazoles, 
CgHj^O,  mw  176.18,  N 31.80%.  The  following 
isomer  is  described  in  the  literature: 


5-[4  Metboxyphenyi\-tetrazole , formerly 

called  "Anisenyltetrazotic  Acid”, 

H3CO-C*H4-C-NH-N 

II  II  or 


N N 


h3coc6h4-c=n-nh  , 

I I j tricl-pinacoidal 
N==N 

cryst,  mp  228°(dec)  and  burns  when  heated 
on  a Pt  foil;  easily  sol  in  ale,  insol  in  cold 
w,  si  sol  in  hot  w & in  eth.  Was  prepd  from 
ethyl  ether  of  anisiminohydrazine  hydrate 
as  described  in  Ref  2 
Refs : l)Beil  26  , 395  2)W.Lossen  & J. 

Colman,  Ann  298,  107(1897) 

Anisyltetrazole,  Azidoderivative,  C8H7N70  — 
not  found  in  Beil  or  CA  through  1956 


Anisyinitrotetrazole  or  Methoxyphenylnitro- 

tetrazole,  H3COC6H4— C— N(N02)— N 

II  II  or 

N N 

h3co-c6h4-c=n-n-no2 

i | , not  found  in  Beil 

N=N 


or  CA  through  1956 

5-[3  -Nitro-4  '-rrethoxyphenyll-tetrazole, 

formerly  called  "Nitroanisenyltetrazotic.  Acid  ”, 
H3C0-C6H3(N02)-C-NH-N 

II  II  or 

N N 


H5C0.C6H3(N02)-C=N-NH 
1 l > 
N^=N 


mw  221.18, 


N 31.67%.  Its  monohydrate  consists  of  yel 
ndls,  mp  203°;  insol  in  cold  w,  si  sol  in  hot 
w,  and  sol  in  eth,  was  prepd  by  nitrating  the 
previous  compd  with  nitric  acid  (d  1.4)  (Refs 


1 & 2) 


Refs : l)Beil  26,  396  2)W. Lessen  & J. 

Colman,  Ann  298,  115(1897) 

Dinitroanisyltetrazole,  CgH^NgOs  —not  found 

in  Beil  or  CA  through  1956 
Trinitroanisyltetf azole,  C,H5  N707  — not  found 
in  Beil  or  CA  through  1956 

ANJ.  Cast  double-base  propellant  described  in 
conf  ' 'Propellant  Manual,  ’ ’ SP  IA/M2(  1959), 

Unit  No  410 

AN-M-69  Bomb.  An  incendiary  bomb,  weighing 
6.2  lb  used  in  WW  II.  It  was  filled  with  either 
Napalm  Filling  (Napalm  9,  gasoline  91%)  or 
IM  Filling  [isobutyimetacrylate  polymer  5.0, 
fatty  acids  (such  as  stearic)  2.5,  naphthenic 
acid  2.5,  aq  40%  NaOH  soln  3.0  & gasoline 
87%] 

Ref:  W. A. Noyes,  Jr,  "Science  in  WW  II,” 

OSRD,  "Chemistry”  Little,  Brown  & Co, 

Boston  (1948),  389 

ANP-512DS,  ANP-514DD,  ANP-528DV,  ANP- 
2502  EB,  A^P-2512EE,  ANP-254ICD,  ANP- 

2566EN  & ANP-2569EK  are  polyurethane  fuel- 
oxidizer  propellants;  ANP-2639AF  &ANP- 
2655AF  are  polyurethane  propellants  for 
rockets  and  ANR  is  a Cast-double-base  pro- 
pellant 

Ref:  "Propellant  Manual,”  SPIA/M2  (1959), 

Unit  Nos  480-4,  516-18,  568-9  & 381  (Conf) 

ANS  or  Antisanzinate.  A castable  expl:  AN 
60,  PETN  20,  GuN  10  & DCDA  10%,  developed 
by  M.  Tonegutti  and  used  during  WW  II  by  the 
Italian  Navy  for  filling  some  ammunition.  Its 
comparatively  low  mp(104°)  was  due  to  the 
presence  of  GuN  and  DCDA.  Incorporation  of 
some  A1  increased  the  efficiency  of  ANS  when 
used  in  underwater  ammo,  such  as  torpedoes, 
depth  charges,  and  sea  mines 
Ref:  Belgrano(1952),  96&187 
Anschutz  Thermometers.  German-made  thermo- 
meters known  for  their  precision 
Ansonit  Cops.  See  PATR  2510(1958),  p Ger  7 

ANT-623  & ANT-638SV  are  Aeroplex  fuel-oxi- 
dizer propellants  described  in  conf  Propel- 
1 ant  Manual,  ’ ’ SP  IA/M2  (1959),  Unit  No s 486  & 487 

Antacids.  See  Antiacids 

ANTHRACENE  AND  DERIVATIVES 

Anthracene  or  p-Naphthalene, 


A458 


raw  178.22;  col  monocl  crysts  with  blue 
fluorescence,  mp  216,5-218°,  bp  345°,  d 1,25 
at  27/4°,  fl  p 250°F(closed  cup).  Insol  in  w, 
si  sol  in  ale,  eth,  chlf  & CS3,  sol  in  benz.  It 
is  one  of  the  principal  ingredients  of  coal 
tar,  from  which  it  is  usually  obtained  com- 
mercially. It  has  been  used  as  a flash- 
reducing  agent  in  propellants  and  for  pro- 
ducing  gray  sjd  qVpc  in  frf»nrK  warfnrP^P  pfe 


2&3),  but  its  principal  use  is  in  manuf  of 
alizarin  dyes  (Ref  4).  In  BritP  23,  579(1893) 
(Ref  la),  anthracene  was  proposed  in  expl 
mixts  with  AN,  K nitrate  with  or  without  K 


chlorate.  US  military  requirements  for  tech- 
nical grade  anthracene  are  given  in  spec 


h ill  _ A _ ^ fl'7  A 


Ref  5 


Refs : l)Beil  5,  655,  (321)&[569l  la) 

Escales,  Ammonsprengstoffe(1909),  59  2) 
Bebie(1943),  28  3)Davis(1943),  124,  129  & 
327  4)Kirk  & Othmer  1 (1947),  941-3  5)Sax 
(1957),  304 


Anthracene,  Azido C14H,N3  and  Diazido 
Cl4H*N6  Derivatives  were  not  found  in  Beil 

y— 1 A t L 1 hC/T 

or  Liirougzi  iy;u 


Note:  Nitration  of  anthracene  is  discussed 
in  the  following  papers: 

1) P.P.Shorygin  et  al,  ZhObshchKhim  8,  981 
(1938)  Af  CA  33;  3781(1939)(Anthraeene  re- 
acts with  N204  in  CHCl3  at  0°  & 20-30°, 
yielding  40%  9,10-dinitro-  and  4-8%  9-nitro- 
anthracene) 

2) R.Oda,  JSocChemlnd,  Japan  42,  Suppl 
binding  414-18(1939)  & CA  34,  3259-60(1940) 
(Action  of  nitric  acid  in  acetic  acid  pro- 


duced various  products,  such  as  9-n'tro- 
anthrone;  9, 10- din itro anthracene,  2,7- 
dinitroanthraquinone,  etc) 

3)R.Oda  & M.Kotake,  JapP  133052(1939)  & 
CA  35,  3270(1941) (Treatment  of  anthracene 


suspended  in  glacial  AcOH  + % its  vol  of  w, 
with  nitric  acid  yielded  a mixt  of  50-60%  of 
2 . ?-d  i n | trnanrhraq  n inone  and  40/S0%  of 
anthraquinone) 


Mononitroanthracenes,  C.4HoN02,  mw  223.22, 
N 6.28%.  One  isomer,  9-nitroanthracene,  is 
described  in  Beil  5 , 666  & [578] 


Dinitroanthracenes,  Cl4He(N02)3,  mw  268.22, 

N 10.45%.  One  isomer.  9, 10 -dinitro anthracene. 
is  described  in  Beil  5,  666,  (327)  & [579] 
Trinitroanthracene,  Cl4H7(N03)3  and  higher 
nitrated  compds  were  not  found  in  Beil 

Anthracene  Peroxide  (Transannular  Photo- 
peroxide  of  Anthracene), 


.CH. 

c6h/"  o2  nc*h4, 

\ I / 

CH 


crysts,  mp-expi  ca  120°.  Was  prepd  by  treating 
anthracene  (In  d il  CSi  soln)  with  air  under 
exposure  to  L)V  light 


Kefs:  i)Beil  — not  found  2)C.Dufraisse  & 

M. Gerard,  CR  201,  428(1935)  & 202,  1859 


/ 1 m D £>.  1 i V T /~l _ 

J)  1?  * LJ  d£JlUUilI  IX  Mm  J . IVjt^i^eclII,  V^IieiLL 

Revs  28,  367(1941)  4)Tobolsky  & Mesrobian 
(1954),  27-8  5)J.W.Breitenbach  & A.Kastell, 
Monatsh  85,  676(1954)  & CA  48,  13372(1954) 


t lIti  in  a Piinu^  Ak  ■ ^ i ki  a i^r 

mh  i m\M^nr\  1 jun  c.  ahl/  l/cmyai  iyco 


Anthrac hrysone  or  T etrahydroxy anthraquinone, 
C14Hj06,  mw  272.20.  Several  isomers  are 
listed  in  Beil  8,  551-2,  (755)  & [585] 


Anthrac  hrysone,  Azido-,  C14H7N3Os  and 
Diazido C14H6Ns06  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 


Mononitroanthrachrysone , C^fyNOg , 
117  7n  m A aov.  _ — . n^:i 


mw 

r-  A 

U4  k 


through  1956 


Diniiroanibrac hrysone,  C,4H*N2U10,  mw  362.20, 
N 7.73%.  Several  isomers  are  listed  in  Beil 
ft  7S1  st,  T sqsI 

Trinitroanthrachrysone,  C14H5  N3012,  mw 

Am  in  m in  20^  _ _ _ i * ..  n > *i 

‘iv/.tv,  IN  iV.Ji/0  — I1UL  IUUI1U  111  U CJl 

Tetranitroanthrachrysone,  C14H4N4014,  mw 
452.20,  N 12.39%.  One  isomer:  2,4,6,8- 
tetran  itro- 1,3,5, 7- tetrahydroxyanthraqui  none, 

CO 

(H0)2(03N)2C/"  ~~"C6(N03)2(0H)2,  orange 

v / 

CO 

leaflets  turning  brown  ca  200°  and  explg  ca 
285°;  sol  in  w,  ale  & AcOH.  Can  be  prepd  by 
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nitrating  anthrachrysone  with  mixed  nitric- 
sulfuric  acids 

Refs:  l)BeiI  8,  553  & 586  2)G.Heller  & 

P. Lindner,  Ber  55,  2675-6(1922)  & CA  17, 
1012(1923) 

Anthracite.  A nongelatinous  permissible  expl 
manufd  by  Independent  Explosive  Company 
of  Pennsylvania 

Ref:  Bebie(l 94 3), 2 8 

Anthracite  Particles(Coal  Dust).  Their  fire 
& expln  hazard,  as  well  as  toxicity  are  dis- 
cussed in  Sax(1957),304 


ANTHRAMINE  AND  DERIVATIVES 


Anthramine  or  Aminoanthracene,  C14H,NH2, 
mw  193.24,  N 7.25%,  Exists  in  the  form  of 
three  isomers;  1 - aminoanthracene 


, yel  crysts,  mp 


127-30°(Ref  1);  2 -aminoanthracene 


Snelling  & Wyler  (Ref  4)  proposed  the  use 
of  anthramine  (specific  isomer  not  indicated 
and  therefore  presumably  a commercial  prod- 
uct which  is  a mixt  of  isomers)  as  a coating 
agent  for  AN  crysts  or  to  increase  their  sensi- 
tivity to  initiation 

Refs:  DBeii  12,  1335,(554-5)  & [785]  2) 

Beil  12,  1335,  (555) & [7863  3)Beii  7,  474, 
(257) & [416.1  4)W.O. Snelling  & J. Wyler,  LSP 
1,827,675(1932)  & CA  26,  601(1932) 

Anthramine,  Azido-,  C14H10N4  and  Diazido 
C^HjNt  Derivatives  were  not  found  in  Beil 
or  CA  through  1956 


Mononitroanthramines,  C14Hl0N2O2.  One 
isomer  9- amino-  10-nitroant hr acene  is 


described  by  S.Hunig  & K.Requardt,  Ang 
Chem  68,  152(1956)  & CA  50,  12944-5(1956) 

Dinitro  ant  bromine,  Cl4H,N304  — not  found  in 
Beil  or  CA  through  1956 

Trinitroanthramine,  CI4HsN406  - not  found  in 
Beil  or  CA  through  1956 

Anthranilic  Acid.  Same  as  Aminobenzoic  Acid 

Anfhranoytazide.  See  Am inobenz azide  under 
Aminobenzoic  Acid  and  Derivatives,  p A189 


ANTHRAQUINONE  AND  DERIVATIVES 
Anfhraquinone  or  Dihydro-diketo-anthracene, 


CO. 


Cgl~l4 , mw  208.20  is  de- 


co 


scribed  in  the  following  refs:  l)Beil  7,  780-5, 

(407-9)  & [709-  13l  2)Xirk  & Othmer  1 (1947), 
944-7  (several  refs)  3)Faith,  Keyes  & Clark 
(1957),  122-125(manuf) 


Anfhraquinone  Azides  or  Triazoanthraquinones 
also  called  Azidoanthraquinones,  C14H7N302, 
mw  249.22,  N 16.86%,  OB  to  C02  -187.8%  & 
to  CO  -99-5%.  Following  isomers  are  de- 
scribed in  the  literature: 

1-  Azido- Anthraquinone , bright  yel  ndls  (from 
MeOH)  (Ref  2),  Its  expl  props  were  not  ex- 
amined. Prepn  is  described  in  Refs  1 & 2 

2-  Azido- Anthraquinone,  bright  yel  ndls  (from 
coned  HCOOH),  mp  160-162°,  turning  brown 
on  exposure  to  light.  Defl  on  heating  above 
the  mp.  Prepn  is  described  in  Refs  1 & 3 

Refs:  l)Beil  7(416)& [722]  2)L.Gattermann 

& R. Ebert,  Ber  49,  2119(1916)  3)A. 
Schaarschmidt,  Ber  49,  1637(1916) 


Anthraquinone  Diazide  or  Ditriazoanthra- 
quinone,  also  called  Diazidoanthraquinone 

CmH*N602,  mw  290.24,  N 28.96%,  OB  to  CO, 
-159.9%  to  CO  -82.7%.  Following  isomers, 
most  of  them  unstable,  are  described  in  the 
literature: 

1 ,4- Diazidoanthraquinone,  red  brn,  unstable 
(Refs  1 & 2) 
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1.5- Diazidoantbraquinone,  yel-bm  to  red  brn, 
unstabIe(Refs  1 & 2) 

l ,8’Diazidoantbraquinone,  brn,  unstable 
(Refs  1 & 2) 

2.6- Diazidoanthroquinone,  It  brn  crysts 
light  sensitive,  defl  202°  on  rapid  heating, 
expl  when  heated  in  a test  tube  (Refs  1 & 2) 

Refs:  l)Beil  7,  [723]  2)K. Brass  & F. 

Albrecht,  Ber  61  983*93(1928)  & CA  22  2938- 
9(1928) 

Nitroaxidoanthraquinone  or  Nitroanthroquinone 
Azide,  C14H«N404,  mw  294.22,  N 19.04%,  OB 
to  C02  -146.8%  & to  CO  “70.7%.  Following 
isomers  are  described  in  the  literature: 

4-Nitro-l-azido*  anthraquinone,  yel  ndls(from 
pyridine),  mp  245°  (dec),  expl  on  rapid  heating. 
Prepd  by  gentle  warming  of  4- Nitro  anthra- 
quinone;: 1-diazohydroxylamine  with  acetic 
anhydride  and  pyridine  (Ref  2) 
l-Nitro-2-azido-antbraquinone,  Pale  yel-grn 
crysrs(from  pyridine),  mp  210°  (dec),  changing 
on  exposure  to  light  and  in  the  air  to  pale 
orange-red  (Ref  3).  Prepd  by  rubbing  /3- 
anthraquinone-azide  with  coned  nitric  acid 

Refs:  l)Beil  7,  [722]  2)L.Gattermann  & 

H.Rolfes,  Ann  425,  147(1921)  & CA  16,  929 
(1922)  3)F. Bayer  & Co,  GerPat  337,734 
(1921)  & ChemZtr  1921,  IV,  262 

1 J5-Dinitro-2,6-diaiido-onthraquinone, 

C14H4N,Oe,  mw  380.24,  N 29.47%,  OB  to  C02 
-101.0%  & to  CO  -42.1%  Bright  yel  ndls 
(from  C6HsN0,),  mp  20 0-20 2° (dec).  Prepd  by 
treating  2,6-Diazoanthraquinone  with  fuming 
nitric  or  sulfuric  acids 
Refs : DBeil  7,  [72  33  2)F. Bayer  & Co,  Ger 

Pat  337,734(1921)  & Chem  Ztr  1921, IV,  262 
Note:  Nitration  of  anthraquinone  is  dis- 
cussed in  the  following  refs:  l)R.Oda  & 

K.Tamura,  BullInstPhysChemResearch 
(Tokyo)  16,  950(1937)  & CA  32,  5631(1938) 
(Nitration  of  anthraquinone  with  mixed  nitric- 
sulfuric  acid  gave  1-nitro anthraquinone)  2) 

Y. Ogata  & R.Oda,  Ibid  22,  106-11(1943)  & 

CA  42  , 7284(1948)  (Nitration  of  anthraquinone 


with  mixed  nitric- sulfuric  acid)  3)F.Ebel 
& W.Rupp,  USP  2715131(1955)  (Improvements 
in  the  production  of  nitrogenous  anthraquinone 
compounds) 

Nitrantbraquinones  or  Mononitranthraquinones, 
C14H7N04,  mw  253-20,  N 5.53%.  The  1-  and 
2-isomers  are  described  in  Beil  7,  791-2, 

(415)  & [719-20].  The  2-isomer  is  best  formed 
by  persulfate  oxidation  of  2- amino  anthra- 
quinone [Kirk  & Othmer  7(1947),  9553 

Dinitro anthraquinone s,  Cl4H6N206,  mw  298.20, 
N 91.40%.  Several  isomers  are  described  in 
Ref  1 and  their  purification  in  Ref  2.  Nitration 
gives  predominantly  a-deriv  (Ref  3) 

Refs:  l)Beil  7,  793-6,  (415-6)  & [72l]  2) 

H.C.Olpin,  C.S.Argyle  & F. Brown,  USP 
2,309,708(1943)  & CA  37,  3769(1943)  3)Kirk 
& Othmer  1 (1947),  955  (Several  refs)  4)J. 
Franc,  ChemListy  49,  872-5(1955)  & CA  49, 
12836(1955)  (Chromatography  of  dinitro- 
anthraquinones) 

Trinitro-,  Tetranitro-,  Pentanitro-  and 
Hexanitroantbraquinone s were  not  found  in 
Beil  or  CA  through  1956 

/3-Anthraquinonesulfonazide,  C14H7S02N3, 
mw  281.29,  N 14.94%,  OB  to  C02  (assuming 

5 to  S02)  -179.2%.  Yel  plates,  mp  153°  and 
defl  with  copious  evolution  of  smoke  when 
heated  on  a spatula.  Prepd  by  heating 
anthraquinonesulfonchloride  with  Na  azide 
in  alco  soln 

Refs : l)Beil  — not  found  2)T.Curtius  & 
H.Derlon,  J.PraktChem  125,  420-1(1930) 

6 CA  24,  3230(1930) 

Antiacid  Compounds  or  Antacids  (Antazide 
or  Sa’uerbindende  Stoffe  in  Ger).  Some  explo- 
sives and  propellants,  especially  those  contg 
org  nitrates  (such  as  NG,  NGc,  NC,  etc)  may 
contain  traces  of  mechanically  entrapped 
acids,  especially  sulfuric  acid.  In  other 
cases,  acids  (nitric  and  nitrous)  might  form 
on  decompn  of  the  above  organic  nitrates 
during  storage,  especially  at  high  temps  and 
in  the  presence  of  moisture.  If  these  traces 
of  acids  are  not  immediately  neutralized,  they 


might  soon  cause  auto  catalytic  decompns 
of  the  expls  or  propints,  thus  rendering  them 
useless  for  service.  These  decompns  often 
develop  into  spontaneous  combustion  and 

1 XT 1! ! ^ L -L  * J ^ 

^ vtn  tA^ni o.  i^cuiiau^aixuii  uj  me  d^iu^ 

may  be  achieved  by  incorporating  in  the 
formulations  of  expls  and  propints  some 
weakly  basic  substances,  such  as  CaCOs, 
ZnO,  MgCO,,  urea,  etc.  These  substances, 

' 'antiacids, " may  also  be  considered  as 
"stabilizers”  although  this  term  usually  ap- 

til  i A C tA  c « >k  ef4n/*Ar  r haU  n n iaU  sa  «»1  a « a a 
^ IV  VULf  VIU11VVO)  V UV11  Ui7  UX^li  Vil^  i Uiiilil  V J 

centralite,  acardite,  etc,  which  function  in  a 
different  manner  but  achieve  the  same  ulti- 
mate purpose 

Refs:  l)Marshall  2 (1917),  640-1  2)Barnett 

(1919),  207-8  3)Davis(1943),  302  4)Kast- 
Metz  (1944),  20 

Addnl  Refs : A)01in-Mathieson  Chem  Corp, 

BritP  738441(1955)  & CA  50,  8148(1956) 

(Aaan  of  metallic  Mg,  Ca,  Zn  & A1  or  their 
oxides  or  carbonates  for  stabilization  of  hy- 
drazine) B)B.P.Enoksson.  IJSP  2736742 
(1956)  & CA  50,  6796(1956)(Addn  to  acid- 
contg  nitrated  products  such  as  NG,  NGc  or 
NC  of  AN  & ammonia  and/or  org  bases,  such 
as  amines,  amides,  urea,  etc)  C)Nitro- 

^1 /C J V oo 

iii  iiMicuuiagci  (owcucii;,  umr  /w/uo 

(1957)  & CA  51,  8438(1 95 7)(Same  as  in  pre- 
vious ref) 

Antiaircraft  (AA)  refers  to  the  weapons,  am- 
munition and  personnel  used  for  defense 
against  enemy  aircraft 

Refs:  l)Encyclop aed ia  Brirannica  2(1952), 

59  2)Collier’s  Encyclopedia  2(1957),  39-42 

Aitfjnj rcr~it  G u n f i r o C o n ^ r o 1 Sy m ^ a. 
scribed  in  A. S. Locke  et  al,  "Guidance,”  Van 
Nostrand,  NY(1955),  22-33 

Antiaircraft  Projectile  Charges  of  Willing 

contained  a HE  mixed  with  a material,  such  as 
emery  capable  of  impairing  the  operation  of 
internal  combustion  engines 
Ref:  M.S. Willing,  USP  2,103,807(1935)  & CA 
32,  1935(1938) 

Anticaking  Treatment  of  Explosives  and 


Substances  Used  in  Explosive  Compositions. 

Substances  such  as  AN  have  a tendency  to 
cake  in  storage,  thus  rendering  them  difficult 
to  load  in  cartridges,  shells,  etc.  The  problem 
of  caking  was  recently  investigated  by 
LeRoux  (Ref  2).  Among  the  substances  pro- 
posed to  prevent  caking  ("anticaking  agents”) 
of  substance,  such  as  AN  may  be  mentioned: 
a)Coating  comp ounds{ mat ieres  d’enrobage,  in 
Fr),  such  as  petroleum  oils,  petroleum  tars, 
paraffins  & waxes  (natural  & synthetic)  and 
rcsiu5<  To  these  may  be  added  erg  an  ic  sub~ 
stances  which  form  gels  in  the  presence  of 
water,  such  as  starches,  dextrin,  gum-arabic, 
Na-Al  alginates,  etc 

bfPowdering  agents( agents  de  poudrage,  in 
Fr),  such  as  finely  powdered  kaolin,  bentonite, 
CaC03,  MgCOj,  MgO,  ZnO,  Si02,  A130j,  talc 
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stearate),  etc.  LeRoux  proposed  to  incorporate 
ca  1%  of  Ca  stearate  in  AN  expls,  such  as 
"explosifs  N”  and  "explosifs  NR” 

Whetstone  (Ref  1)  proposed  to  add  "Acid 
Magenta”  to  a satd  soln  of  AN,  just  before 
crystn.  It  has  been  claimed  that  this  treatment 
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that  their  agglomeration  does  not  form  cakes 
but  leaves  them  as  granules 

Anticaking  agents  used  with  AN  are  de- 
scribed in  this  work  on  the  following  pages: 
A3I4( under  "Continuous  Process  of  Graining), 
A315  & A318  (under  Crystallization  Process), 

A 5. 1 0/ trnAMN 
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(under  Water  Resistance  and  Prevention  of 
Caking),  A342-4( under  AN  Blasting  Explosives) 
and  A364( under  FGAN) 

Refs:  1)J. Whetstone,  Industrial  Chemist  25, 

401(1949)  (Anticaking  treatment  of  AN)  2) A. 
LeRoux,  MP  33  , 265-82(1951)  (Explosifs  du 
type  N resistant  a 1’eau) 

Anticarro(Ital).  Antitank 

Antichar(Fr).  Antitank 
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under  Fouling  of  Guns  and  Antifouling  Agents 

Anticracking  Additives  to  Cast  Explosives.  The 


A462 


problem  of  cracks  in  HE  shells  was  in- 
vestigated at  Pic  Arsn,  by  Heredia  (Ref  1) 
and  more  recently  by  Johnson  (Ref  3).  Ac- 
cording to  Johnson,  it  has  been  reported  that 
the  problem  of  cracked  cast  chges  has  arisen 
when  cooling  w temps  below  120°F  (48.9°) 
for  Comp  JB  and  below  65°  F(  18.3°)  for  TNT 
are  utilized  in  an  attempt  to  decrease  solid- 
ification time.  This  condition  has  brought 
about  the  need  for  some  compd(s)  which, 
when  added  in  small  percentages  to  the  melt, 
will  prevent  or  minimize  to  a large  extent 
cracked  casts  which  are  the  result  of  thermal 
stresses.  Previous  work  done  at  the  Iowa 
Ordnance  Plant,  Burlington,  Iowa  and  by  the 
US  Navy  indicated  that  the  addition  of  small 
amts  of  certain  compds  reduced  the  tendency 
of  cast  expls  to  crack  when  they  were  cooled 
at  temps  below  120°F  for  Comp  B and  65° F 
for  TNT 

Additives  used  by  the  US  Naval  Ordnance 
Test  Station,  Inyokern,  Calif  included  0.5  to 
1.0%  a-MNN,  0.5%  catechol,  0.25%  anthracene 
and  0.25  to  0.75%  Span  80A.  In  addition, 
small  percentages  of  o-  and  p-nitrotoluene 
mixts,  such  as  3.36/1  were  found  to  be  ef- 
fective. However,  the  high-melting  eutectic- 
forming  additives  anthracene,  a-MNN  and 
cathechol  were  preferred  because  little  exu- 
dation occurred  at  temps  up  to  within  ca  5° 
of  the  eutectic  temp 

Based  on  these  earlier  studies,  a contract 
was  entered  into  with  the  Armour  Research 
Foundation,  Chicago,  Illinois  for  the  purpose 
of  finding  compds  that  would  overcome  this 
tendency  to  crack.  Optimum  percentages  of 
a-MNN,  2,4,6-TNAns  and  1,2-dihydroxy- 
benzene  were  investigated  by  the  ARF  (Ref 
2)  relative  to  prevention  of  cracks  due  to 
thermal  shock  and  exudation  when  these 
compds  were  added  to  TNT  and  Comp  B. 
Visual  examination  of  laboratory  casts  (ca 
3/6"  diam  by  3%’  length),  when  compared  to 
control  castings  without  crack  preventing 
agents,  showed  progressive  improvement  in 
the  casts  with  regard  to  the  reduction  in 
number  of  cracks  as  the  percentage  by  wt  of 
each  additive  was  increased  (such  as  from 


0.1  to  1.5%)  until  the  optimum  percentage 
range  was  reached.  Unfortunately,  however, 
the  amt  of  exudate  increased  as  the  percent- 
age of  each  additive  was  increased.  Lab  test 
also  have  shown  that  the  effectiveness  of 
the  additives  as  crack  preventative  agents 
was  less  for  Comp  B than  for  TNT 

These  rather  optimistic  results  of  lab 
tests,  were  not  confirmed  when  the  same  ad- 
ditives were  used  at  Picatinny  Arsenal  in 
cast-loaded  155  mm  shell.  The  degree  of 
cracking  in  the  155  mm  shell  casts  was  detnd 
by  means  of  radiographs  (which  is  a standard 
production  inspection  procedure),  which 
showed  that  there  was  no  apparent  difference 
betw  the  degrees  of  cracking  in  an  additive- 
contg  cast  and  an  ordinary  cast.  Exudation, 
as  evaluated  by  subjecting  the  loaded  shell 
to  160°F  (71.1°)  storage  test  for  30  days, 
showed  that  the  casts  contg  additives  exuded 
more  than  those  without  them 

Further  work  on  this  subject  is  necessary 

Refs:  1)R.J. Heredia,  "Significance  of  Cracks 

in  HE  Shell  and  Effect  of  Interior  Coating  on 
Crack  Formation,"  PATR  2269  (1956)  2) 
Armour  Research  Foundation  Rept  No  5 (Final 
Rept),  "Industrial  Engineering  Study  on  the 
Determination  of  Additives  to  Eliminate 
Cracking  of  Cast  Explosives"  Chicago,  111, 
Sept  8,  1958  3)D.H. Johnson,  "Study  of  Crack 

Preventing  Additives  for  Cast  Explosives" 
TechRept  DB-TR:6-60,  I & MED,  PicArsn, 
Dover,  NJ,  Feb  I960 

Antidetonating  or  Antiknock  Compounds 

(Antideton anti,  in  Ital  and  Antidetonants,  in 
Fr).  Substances  such  as  lead  tetraethyl 
Pb(C2Hs  )«  tin  tetraethyl  Sn(C1H8)4,  ferro- 
carbonyl  Fe(C0)5,  nickel  carbonyl  Ni(C0)4, 
aniline,  etc  possess  the  property  of  preventing 
knock  in  internal  combustion  engines  and  for 
this  reason  are  also  called  "antiknock"  sub- 
stances. For  their  description  see  Refs  3,5,7 
& 8 

Several  theories  exist  on  the  mechanism  for 
antiknock  action,  such  as  outlined  in  Refs  1 
& 5.  Demougin(Ref  6,  p 139),  H.Moureu  & 
C.Dufresse  attribute  the  action  of 
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"antidetonants"  :o  their  "antioxydizing 
power  (pouvouir  antioxyg^ne,  in  Fr)  which 
hinders  the  formation  of  peroxides 

Some  of  the  "antidetonants,”  such  as  tin 
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as  additives  (in  small  quantities)  to  propel- 
lants as  "flash  reducing  substances  ("sub- 
stances antilueurs,”  in  Fr).  The  idea  was 
based  on  the  hypothesis  that  on  the  burning 
of  a propellant  such  substances  would  evolve 
a dust  of  extremely  small  solid  particles 
which  when  dispersed  through  the  gases  Such 
as  CO  & H2  would  cool  them  thus  preventing 
their  combustion 


Refs:  1)G.L. Wendt  & F.V.Grimm,  IEC  16, 

890-3(1924)(A  suggested  mechanism  for  anti- 
knock action)  2)T.A.Boyd,  IEC  16,  893-5 
(1924)  (Relative  effect  of  some  nitrogen  compds 
upon  detonation  in  engines)  3)Wm.H.Charch 
et  al,  IEC  18,  334-40(1926)  (Antiknock  mate- 


121/:  to 


(1926) (The  role  of  metallic  colloids  in  the 
supression  of  detonation)  5)P ascal(1930), 
303- 9( Antidetonants)  6)P.Demougin,  MP  25, 
130-41(1932-3)  7)Giua,  "Dizionario”  1 
(1948),  519-21(Antidetonanti)  8)Kirk  & 
Othmer  6 (1951),  949-50  (Antiknock  compds) 
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Minerale  39,  579-82(1957)  & CA  51,  17168 
(1957)  (Incorporation  in  expls  some  carbon 
or  paraffin  prevents  rapid  propagation  of 
explns) 


Antiflash  Agents  (Antiflash  Compounds) 

(Antilueurs  in  Fr).  See  Flash-Reducing 
Agents 


Antiflash  Bags  (Sachets  antilueurs  in  Fr  and 
Vorlage  in  Ger).  See  under  Flash-Reducing 
Agents 

Antiflash  Pellets  (Pastilles  antilueurs  in  Fr). 
See  under  Flash-Reducing  Agents 

Antifoaming  or  Antifrothing  Agents  (Froth  or 
Foam  Preventing  Compounds).  For  a general 
description  of  foams  and  antifoaming  agents, 
see  Refs  1,2,4  & 5.  According  to  King  (Ref 
2),  foaming  is  usually  accompanied  by  a de- 
crease in  surface  tension,  but  the  converse 
is  no t necessarily  cmc 


Several  instances  of  molten  TNT  becoming 
frothy  when  cast-loaded  into  shells  were  re- 
ported in  the  US  during  WWII.  This  resulted 
in  undesirable  cavitation  at  the  interface 


between  the  solidified  TNT  and  the  upper 
part  of  the  shell  wall  and  also  at  the  inter- 
face between  the  two  layers  of  TNT  when 
two  pourings  were  made.  Investigation  con- 
ducted at  PicArsn  (Ref  3)  showed  that  in- 
corporation of  small  amts  (such  as  0.1%)  of 
the  surface-active  agents  Duponol  C or  Span 
85  was  sufficient  to  reduce  frothing  to  the 
level  of  good  grades  of  TNT.  These  additives 
did  not  reduce  the  stab il it v of  TNT  and  did 


not  appreciably  change  its  props  such  as 
setting  point 

The  test  for  frothiness  was  conducted  by 
melting  ca  25g  of  TNT  in  a 6-inch  test  tube 
which  was  placed  in  a water-bath  at  ca  95°. 
The  tube,  about  half  filled  with  molten  TNT, 
tunc  stopper ^ rcniovsd  from  ths  bsth  ood 


vigorously  shaken  5 times  at  the  rate  of  one 
shake  per  2 secs.  The  tube  with  contents  was 
immediately  placed  in  a thermostatic  bath 
maintained  at  86+  1°.  The  end  point  of  frothing 
(duration  of  foam)  was  recorded  as  the  time 
in  seconds  required  for  the  froth  to  break 
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mate  amt  of  froth  was  also  noted.  Some  stand- 
ard grades  of  TNT  showed  duration  of  frothing 
as  low  as  50  secs,  while  TNT  with  abnormal 
frothing  recorded  164  secs  before  addn  of 
surface-active  agents  and  as  low  as  59  secs 
after  the  addn 


frothing  showed  that  its  surface  tension  (47 
dynes/cm2)  was  only  slightly  lower  than  that 
for  a std  TNT  (51  dynes/ cm2),  but  there  was 
also  a sample  of  TNT  with  a low  frothing 
value,  which  had  an  abnormally  low  surface 
tension  (38  dynes/cm2).  The  viscosity  of 
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the  std  lot  of  TNT.  Chemical  analysis  of 
frothy  TNT  did  not  indicate  any  difference 
from  std  TNT.  It  was  found,  however,  that 
incorporation  in  std  TNT  of  small  amts  of 
impurities,  such  as  wax  or  grease  increased 
the  frothing  value,  but  incorporation  of  0.06% 
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had  no  adverse  effect  on  the  frothing 
value 

Of  the  two  surface- active  agents  investi- 
gated, the  Duponol  C,  manufd  by  the  duPont 
Co,  is  a solid  and  said  to  contain  Na  lauryl 
sulfate,  while  the  Span  85,  manufd  by  the 
Atlas  Powder  Co,  is  an  oily  liq  and  said,  to 
contain  sorbitol  trioleate.  The  use  of  Span 
85  is  preferred  because,  being  purely  organic, 
it  does  not  contain  any  metallic  ions,  such 
as  Na  and  also  because,  being  a liquid,  it 
dissolves  quicker  in  molten  TNT 

PI  ant- scale  tests  at  Iowa  Ordnance  Plant, 
Burlington,  Iowa  have  shown  that  the  addn 
of  0.1%  of  Span  85  to  molten  TNT  is  effective 
in  preventing  frothing  and  the  consequent 
pithing  and  cavitation  of  the  cooled  charge. 

It  has  also  been  found  that  the  presence  of 
0.1%  of  Span  85  has  no  significant  adverse 
effect  on  the  stability  or  impact  sensitivity 
of  TNT,  and  does  not  cause  formation  of 
TNT- water  emulsion  during  the  "streaming- 
out”  of  TNT  chges.  However,  it  causes 
significant  reduction  in  sensitivity  to  initi- 
ation and  a slight  exudation  in  storage  at 
65°.  TNT  contg  only  0.05%  of  Span  85  was 
found  to  have  essentially  normal  sensitivity 
and  brisance  and  to  undergo  no  exudation 
in  storage  at  65°.  It  was  recommended  that 
authorization  be  granted  for  the  addition  of 
not  more  than  0.05%  of  Span  85  to  TNT 
during  loading  operations 
Refs:  l)S.Berkman  & G.Egloff,  "Emulsions 

and  Foams,”  Reinhold,.  NY(  194 1)  2)F.G. 
King,  JPhysChem  48,  141-53(1944)  (Foam 
formation  in  organic  liquids)  3)A.j. Clear, 
PATR  1472(1944)  (Cause  and  prevention 
of  frothing  of  molten  TNT)  3a)A.  J.Clear, 
PATR  1553(1945)  (Same  title  as  above)  4) 
J.V. Robinson  & W.W. Woods,  "A  General 
Method  of  Selecting  Foam  Inhibitors,”  Tech- 
nical Note  1205,  NACA,  Washington, DC 
(1946)  5)Kirk  & Othmer  5(1950),  715-17 

Antifouling  Agents.  See  under  Fouling  of 
Guns 

Antifreezes  end  Their  Uses  in  Explosives 


and  Propellants.  For  general  description  of 
various  "antifreezes”  used  for  general  pur- 
poses see  Refs  8 

As  some  of  the  liq  components  of  expls  and 
propellants  freeze  at  prevailing  winter  temps 
in  Europe,  Canada,  US,  etc,  it  is  desirable  to 
lower  the  fr  p of  such  liqs  by  incorporating  a 
substance  exercizing  an  antifreezing  effect. 
Such  substance  is  called  in  Ger  ’'das 

gefrierpunktherabsetzendes  (Ait tel" 

Widest  uses  of  antifreezes  are  in  NG  contg 
expls,  such  as  dynamites.  Dynamites  contg 
antifreezes  are  called  " low- freezing " 
("schwergefrierbare,”  in  Ger)  and  "non- 
freezing"  ("ungefrierbare,  ” in  Ger)  dynamites 
("Dynamite”  in  Ger) 

Note:  NG  freezes  at  +13°,  but  when  in  compns, 
its  crystn  is  rather  slow.  When  an  expl  contg 
NG  is  stored  in  cold  weather  for  a long  time, 
it  freezes  to  a mass  as  hard  as  a stone.  Such 
a mass  is  unsuited  for  use  because  NG  be- 
came insensitive.  In  order  to  make  such  an 
expl  fit  to  use,  it  must  be  heated  in  order  to 
melt  NG.  This  operation,  called  thawing,  is 
time-consuming  and  very  dangerous,  especially 
if  conducted  carelessly.  It  is  possible  that 
some  accidents  took  place  because  on  thawing 
part  of  the  liquid  NG  escaped  from  the  cart- 
ridges and  was  present  in  full  strength  at 
their  surfaces.  It  is  therefore  highly  desira- 
ble to  prevent  freezing  of  NG  contg  expls 

According  to  E scales  (Ref  2,  pp  37-46)  and 
Naoum(Ref  3,  pp  15-21  & 356-81),  the  first 
attempt  to  reduce  fr  p of  NG  was  made  by 
A.Rudberg(Swed  P of  April  30,1866)  who 
added  materials  like  benz  or  NB  and  later 
Nobel(Swed  P,  July  8,1876)  proposed  the  addn 
of  Me  and  Et  nitrates, acetins,  or  NB.  A.Wahlen- 
berg  & K.Sundstrom  proposed  in  1877  addn  of 
o-MNT;  K.Amark(1879)  proposed  nitro  si  arch, 
nitromannit  and  amyl  nitrate  and  Liebert(1889) 
isoamyl  nitrate.  While  Me  & Et  nitrates  were 
the  most  suitable  from  the  chem  point  of 
view,  their  volatility  was  too  great.  The  other 
compds  were  effective  only  in  such  large 
quantities  that  they  reduced  the  sensitiveness, 
strength  and  brisance. of  NG  very  appreciably 
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A more  promising  ’'antifreeze"  was  ob- 
tained in  1890  by  A.WohI(GerP  58947)  who 
succeeded  in  polymerizing  glycerin  and 
nitrating  to  an  expl  oil,  tetranitrodiglycerin, 
[C3H5  (ONOjjtJaO  very  difficult  to  freeze. 

This  process,  however,  attracted  no  attention 
at  that  time 

A.Mikolajczak  proposed  in  1903  and  patentee 
the  addn  of  dinitrogiycerin  (glycerin  dinitrate), 
CsH5  (0HX0N02)2,  and  developed  a simple 
method  for  its  prepn 

S.  Nauckhoff  investigated  the  question  of 
reducing  the  fr  p of  NG  and  showed  in  his 
paper  (Ref  1)  that  all  previously  proposed 
agents  could  not  completely  achieve  their 
purpose 

The  solution  of  the  problem  was  more 
closely  approached  by  the  use  of  highly- 
nitrated  aromatic  hydrocarbons,  especially 
the  low-melting  eutectic  mixts  of  the  isomers 
of  di-  and  tri-nitrotoluenes  (such  as  "TNT 
oil”  or  "drip  oil”  which  dissolve  readily 
in  NG  even  at  low  temps  and  desensitize  it 
much  less  than  the  mono-nitro  compds.  How- 
ever, these  compds  did  not  produce  dynamites 
which  were  absolutely  non-freezing  at  the 
lowest  winter  temps  reached  in  some  countries 
such  as  in  Canada  or  Siberia 

Further  research  in  this  field  showed  that 
nitric  esters  homologous  or  related  to  NG, 
such  as  previously  mentioned  dinitrogiycerin 
and  tetranitrodiglycerin,  as  well  as  dinitro- 
chlorohydrin,  acetyldinitro glycerin  and'dinitro- 
glycol,  being  misible  in  all  proportions  with 
NG  and  nearly  equivalent  in  expl  strength, 
were  the  most  suitable  antifreezes.  Of  these 
compds,  the  tetranitrodiglycerin  (manuf 
patented  by  the  "Zentalstelle  fur  Wissen- 
schaftlich-technische  Untersuchungen"  in 
Neubabelsberg)  found  little  use  on  acct  of 
certain  tech  difficulties  of  manuf,  which  di- 
nitrochlorohydrin  does  not  present.  Dinitro- 
giycerin, although  it  is  a satisfactory  anti- 
freeze, came  into  very  little  practical  use  on 
account  of  its  solubility  in  w.  Dinitrochloro- 
hydrin,  C,H5  Cl(ONOa)2  was  used  quite  ex- 
tensively until  the  invention  in  1904  (GerP 
179879)  of  glycol  dinitrate,  C2H«(ON02)2,  or 


simply  nitroglycol  (abbreviated  in  our  work 
as  NGc).  This  substance  has  been  widely 
used  in  the  US  since  1912  in  "low-freezing 
dynamites"  (qv).  In  actual  practice  a mixt  of 
20-30%  glycol  and  80-70%  glycerine  is  nitrated 
in  the  same  manner  as  straight  NG 

In  addition  to  the  foregoing  antifreezes 
may  be  mentioned  nitrosorbite  (Ref  6,  p 238) 
and  nitrated  sugar  mixts  (Ref  3,  pp  251-8  & 

Ref  6,  pp  239-40).  A mixt  of  nitrosucrose  and 
NG,  prepd  by  nitrating  a soln  of  20  (or  25) 
parts  of  cane  sugar  and  80(or  75)  parts  of 
glycerin  is  known  in  the  US  as  nitrobydrene 
and  is  suitable  for  use  in  non-freezing  dyna- 
mites. Another  low-freezing  liq  tried  in  the 
US  dynamites  was  obtained  by  nitrating 
glycerin  60,  glycol  20  and  sugar  20% 

According  to  E.Mohrenweiser  of  PicArsn, 
"gelatin -dynamites"  freeze  at  a much  slower 
rate  than  "straight-dynamites”  and  the  higher 
the  content  of  NC  (which  serves  as  a colloiding 
agent),  the  better  is  their  resistance  to  low 
temps.  The  same  applies  to  NG-contg  propel- 
lants such  as  "ballistite,  ” "cordite”  and 
"solventless  propellants.  ” Most  of  these  pro- 
pellants do  not  contain  any  antifreezes.  For 
instance,  "double-base”  rocket  propellants 
manufd  during  WW  II  by  the  Hercules  Powder 
Co  at  Radford,  Va  for  shipment  to  Russia  did 
not  contain  any  “antifreeze.  There  was  added 
however,  a small  amt  of  liq  plasticizer  in- 
tended to  facilitate  the  gelatinization  of  NC 
by  NG.  Some  current  US  propellants  contain 
DEGDN  in  lieu  of  NG  and  they  are  low- 
freezing.  These  propellants  were  invented  in 
1934  by  the  German  Gen  U.  Gallwitz  [See 
PATR  2510(1958),  p Ger  70,  as  ”G"Pulverj. 
The  same  inventor  proposed  in  1935,  the  use 
of  nitrated  polyglycol  and  TEGDN.  Incor- 
poration in  "G”  Pulv.er  of  large  amt  of  NGu 
produced  a propellant  known  as  "Gudolpulver’  * 
[See  PATR  2510  (1958),  p Ger  81],  proposed 
in  1937  by  the  Dynamite  A-G 

Refs:  l)S.Nauckhoff,  ZAngewChem  18,  11-22 

& 53-60(1905)  2)R.  Escales,  "Nitroglycerine 
und  Dynamit, " Voigt,  Leipzig  (1908)  3)Naoum, 
NG(1928),  15-21,  161-258  & 356-81  4) 
Stettbacher(1933),  166-72  233  5)Beyling  & 
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Drekopf(  1936),  75-8,  92  & 316  6)Davis 
(1943),  154  , 214-27  & 238-40  7)Stetcbacher 
(1948),  61-2  & 83  8)Kirk  & Othmer  2(1948), 
37-50(15  refs)  9)T.B.Wasserbach,  USP 
2,722,099(1955)  & CA  50,  2956(1956)(Tetra-, 
penta-  and  hexa-ethylene  glycols  when 
added  to  jet  engine  fuels,  previously  satd 
with  w,  prevented  freezing  even  after  1 hour 
at  -20°  or  -50°)  10)J.G.Tschinkel,  IEC  48, 
732-5(1956)  & CA  50,  10369(1956)  (MeNO,  or 
NOj  as  antifreezes  for  rocket  propellants 
contg  TeNM  as  an  oxidizer)  ll)D.W.Riker, 
USP  2,768,888(1956)  & CA  51,  1589(1957) 

(Guanidine  nitrate  as  an  antifreeze  for  inter- 
nal combustion  and  jet  fuels  contg  hydrazine) 
12)CalifResearchCorp,  BritP  757916(1956) 

& CA  51 , 84 13(1 95  7)  (Na  nitrite  solns  as 
antifreezes  for  fuming  nitric  acid  oxidizing 
compositions  for  hypergolic  rocket  propel- 
lants 13)E.Mohrenweiser,  PicArsn,  Dover, 

NJ;  private  communication(1960) 

Antifrost  Cellodyne.  An  older  Brit  low- free  zing 
dynamite  which  passed  the  Buxton  test: 
NG+NGc  56.5,  CC  3,  NaNOj  6,  NaCl  10.5 
& borax  24%.  Its  ballistic  pendulum  swing 
was  2.5 11*,  vs  3.27"  for  60%  Gelignite 
Ref:  Marshall  1 (1917),  110 

Note:  The  swing  of  60%  Gelignite,  a std 
Brit  expl  is  given  by  Barnett  (1919),  184 

Antifrost  Gelomonite  No  l.  An  older  Brit 
"permitted”  low-freezing  dynamite:  NG  + NGc 
24,  CC  1,  DNT  + TNT  2,  AN  36,  WM  1 & 

NaCl  36%.  Its  ballistic  pendulum  swing  was 
2.30"  vs  3-27"  for  60%  Gelignite 
Ref:  Marshall  3(1932),  120 

Antifrost  Penryhn  Powder.  One  of  the  older 
Brit  "permitted”  expls:  AN  58.5-61.5,  NG 
7. 5-9.5,  WM  7.5-9.5,  NaCl  20.5-22.5  & mois- 
ture 2.0% 

Ref:  Thorpe  4(1940),  556 

Antifrothing  Agents.  See  Antifoaming  Agents 

Antifume  Blasting  Gelatin.  An  older  SoAfrican 
(Transvaal)  expl  consisting  of  "blasting 
gelatin,”  to  which  a small  quantity  (ca  5%) 


of  an  oxidizer,  such  as  AN,  K nitrate,  K 
chlorate  or  K perchlorate,  was  added.  This 
expl  was  used  in  mines  with  poor  ventillating 
facilities,  where  the  formation  of  even  small 
quantities  of  the  highly  poisonous  CO  (as 
often  occurs  on  expln  of  ordinary  "blasting 
gelatin”)  is  very  undesirable 
Ref:  Naoum,  NG(1928),  321 

Antigel  de  Surete.  One  of  the  older  Belgian 
permissible  expls  of  the  type  "explosifs 
SGP ”:NG  25,  Na  nitrate  20,  DNT  15,  Amm 
sulfate  5,  cellulose  and/or  WM  35% 

Ref:  Marshall  \ (1917),  376 

Antigrisou  D’Arendonck.  One  of  the  oldest 
Belgian  permissible  expls:  AN  72,  NG  27  & 
CC  1% 

Refs:  l)Daniel(1902),  28  2)Gody(1907), 

701 

Antigrisou(Explosifs)  are  expls  safe  for  use 
in  coal  mines  in  the  presence  of  firedamp 
("grisou”,  in  French).  The  terms  "anti- 
grisou,” "antigrisouteux”  and  "grisoutine” 
have  been  used  in  France,  but  in  Belgium 
such  expls  are  known  as  "explosifs,  SGP” 
("explosifs  Securite-Grisou-Poussiere”)  (See 
tables  on  pp  419-21  of  Ref  4).  All  these  expls 
contain  large  amts  AN.  The  following  "anti- 
grisou” expls  called  also  antigfisous  Favier 
or  grisounites,  were  introduced  (before  WWI 
by  Favier  (Ref  2,  pp  593-4)' and  manufd  for 
some  time  by  the  SA  des  Explosifs  Favier 
at  Vilvorde  (Troix  Fontaines,  near  Bruxelles): 


Names  of 

Components 

Explosives 

AN 

DNN 

TNN 

nh4ci 

Antigrisou  No  1 

87.6 

12.4 

— 

- 

Antigrisou  No  2 

87.6 

12.4 

- 

8. 0(  added) 

Antigrisou  No  3 

81.0 

- 

6.0 

13.0 

Antigrisou  II 

80.9 

11.7 

- 

7.4 

Grisounite  roche 

92.0 

8.0 

- 

— 

Grisonite  couche 

95.5 

— 

4.5 

— 

Note : Perez- Ara  (Ref  5)  gives  for  No  1:  AN 
81,  DNN  6 & NH«C1  13%  and  for  No  2:  AN  81, 
TNN  6 & NH,C1  13% 

The  calcd  temp  of  expln  of  No  1 is  ca  2000°, 
of  No  2 1878°,  and  of  No  3 1400° 
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According  to  Pepin  Lehalleur(Ref  4)  the 
Antigrisou  No  1 was  used  during  WWI  for 
filling  some  HE  shells.  It  was  safe  to  handle, 
inexpensive  and  insensitive,  but  not  as 
powerful  and  brisant  as  TNT 

Pepin  Lehalleur  (Ref  4,  p.343)  gave  also 
the  following  compns  of  ''antigrisou1'  explo- 
sives reported  in  1935  to  be  in  use  in  France 
at  that  time 

Antigrisou  (Explosifs) 


Components 

Roche 

Couche 

Couche 

salpetree 

NG 

29-1 

11.7 

12.0 

CC 

0.9 

0.3 

0.5 

KNO, 

- 

— 

5.0 

AN 

70.0 

88.0 

82.5 

Medard  (Ref  6)  gives  the  follow 

ing  compns 

of  current  "e 

ixpiosifs  antigrisouteux.  ” 

Components 

Explosifs  antigrisouteux 
N no  7 N no  9 N no  62 

AN 

76.0 

48.2 

12.0 

DNN 

7.0 

— 

— 

TNT 

- 

9.15 

— 

PETN 

- 

- 

23.0 

WF* 

2.0 

1.65 

— 

NaCI 

15.0 

41.0 

65.0 

*WF  - wood  flour 

The  first  of  these  expls,  belonging  to  the 
type  ' Vexplosif- couche  nitrate,”  was  pro- 
posed in  1933  by  Burlot  & Schwob.  Its  CUP 
value  (coefficient  d’utilisation  pratique)  is 
87(PA  = 100)  and  gap  test  value  (coefficient 
Jc'  self-excitation)  6cm  [See  also  C(Explosifs), 
CSE(Explosifs),  Dynamites,  Grisou-dynamites, 
Gri sou-dynamites  chlorourees,  Grisounites, 
Grisoutines,  Grisoutites,  N(Expiosifs),  etc] 

Refs:  l)Daniel(1902),  28  2)Gody(1907), 

593,701  & 705  3)Pascal(1930),  219-20  4) 

Pepin  Lehalleur(1935),  343  & 419-21  5) 

Perez-Ara(1945),240  6)L.Medard,  MP  32, 
219-22(1950) 


Antiknock  Compounds.  See  Antidetonating 
Compounds 

Antilueur  (Fr).  Antiflash 

ANTIMONY (Stibium  in  Lat;  Antimon,  in  Ger; 
Antimoine,  in  Fr;  Antimonio,  in  Ital  & 

Spanish;  Soor’ma,  in  Russian),  Sb,  at  wt 
121.76.  Lt  greyish  metal,  mp  630. 5°,  bp 
1380°,  d 6.684  at  25/4°,  sp  heat  0.049,  latent 
heat  of  fusion  38.3  cal/g,  Moh’s  hardness 
3-3%.  Temp  of  ignition  of  powder  in  air 
>600°  (Ref  9,  p 37).  It  is  insol  in  w;  sol  in 
aqua  regia  & in  hot  coned  H2S04 

Native  Sb  element  is  known,  but  it  is  too 
rare  to  be  commercially  important.  It  exists 
in  nature  in  the  form  of  several  ores  of  which 
the  most  important  is  stibnite,  which  is  sul- 
fide, Sb2Sj.  Commercial  method  for  obtaining 
free  Sb  consists  of  fusing  stibnite  with  iron 
turnings  or  shavings,  followed  by  slagging 
off  the  resulting  iron  sulfide  with  NaCl  or 
Na  sulfate.  Detailed  descriptions  of  methods 
of  Sb  recovery  from  ores  are  given  in  Ref  5 

pp  64-9 

According  to  Kirk  & Othmer  (Ref  5,  p 51), 
metallic  Sb  is  non-toxic,  although  many  of 
its  compds  are  toxic.  According  to  Sax  (Ref 
10)  antimony  is  highly  toxic,  but  because  it 
is  usually  associated  in  industry  with  lead 
and  arsenic,  it  is  often  difficult  to  assess 
the  toxicity'of  Sb  and  its  compds.  According 
to  Elkins  (Ref  7,  p 67)  "occasionally  workers 
exposed  to  the  dust  of  antimony  or  its  com- 
pounds exhibit  symptons  of  gastrointestinal 
upset,  usually  accute  rather  than  chronic  in 
character”.  Elkins  gives  MAC  for  Sb  dust  or 
fume  in  air  ca  1 mg/m*  (Ref  7,  p 225),  while 
Jacobs  (Ref  6,  p 253)  gives  0.1  mg/m*.  The 
same  author  gives  on  p 766,  0.5  mg/m3  as 
"probable  safe  concn  limits  of  exposure  for 
toxic  dusts,  frames  and  mixts,”  as  recommended 
by  the  US  Govt  hygienists.  Physiological 
action  of  Sb  and  its  compds  is  described  in 
Mellor  (Ref  1,  p 385) 

In  addn  to  the  above  common  metallic  form 
(rhombohedral  crysts),  Sb  also  exists  in  yel- 
low, black  and  the  so-called  explosive  forms. 

The  yellow  form  is  non-metallic  and 
corresponds  to  yel  phosphorous  or  yel  arsenic. 
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It  is  obtained  by  adding  oxygen  to  Sb 
hydride  at  -90°.  It  is  unstable  and  changes 
to  the  black  form  at  temps  above  -90°.  Ac- 
cording to  Krebs  et  al  (Addni  Ref  C),  the  yel 
form  is  a mixed  polymer  contg  chemically 
bonded  H atoms 

The  black,  amorphous,  form  is  produced  by 
sudden  cooling  of  Sb  vapors.  The  black  form 
is  more  active  and  more  easily  volatilized 
than  the  metallic  form.  It  is  said  (Ref  5,  p 
51),  that  if  Sb  is  distilled  in  high  vacuum, 
it  deposits  as  an  amorphous  powder  which 
might  explode  on  heating  or  scratching 

The  explosive  antimony , prepd  either 
electrolyticsilly  or  by  other  methods,  is  de- 
scribed below  under  the  title  '’Antimony, 
Explosive.  ” 

Antimony  is  used  in  many  alloys,  chiefly 
for  its  props  of  hardening  the  softer  metals, 
such  as  Pb.  The  best  known  of  these  alloys 
are:  type  metal,  bearing  metal,  hard  lead  and 
pewter.  The  powdered  Sb  is  used  in  some 
pyrotechnic  compns,  as  a fuel  (Ref  9,  p 32) 
and  as  a source  of  white  light  (Refs  3a  Si  8) 

Following  are  some  pyrotechnic  compns 


listed  by  Davis 

(Ref  3a),  expressed  in  parts 

by  wt: 

Components 

White 
L ights 

White 

Stars 

Sb,  metal 

12 

5 

5 

40 

Amm  picrate 

- 

5 

- 

- 

K nitrate 

32 

- 

28 

180 

Ba  nitrate 

- 

30 

- 

- 

Sulfur 

15 

- 

8 

50 

Pb304 

10 

- 

- 

- 

SbjSj 

- 

— 

- 

10 

Dextrin 

1 

- 

1 

6 

Lampblack 

- 

1 

- 

Paraffin 

- 

1 

- 

— 

Charcoal  dust 

— 

— 

— 

3 

Izzo  (Ref  8)  lists  quite  a number  of  pyro- 
technic compns  contg  Sb  powder,  of  which  the 
following  were  selected  as  examples: 


Components 

White  L 

ights 

K nitrate 

49 

50 

60 

31.5 

Sulfur 

15 

16.5 

20 

5 

— 

Charcoal 

- 

— 

— 

16 

14.5 

Pulverin 

18 

- 

- 

31.5 

43 

Lampblack 

- 

- 

- 

- 

28 

Antimony 

18 

16.5 

10 

16 

14.5 

"Sb2S, 

- 

17 

- 

— 

— 

A SjSj 

- 

- 

10 

- 

— 

One  of  the  white  light  compns  listed  in 
Izzo  (Ref  8,  p 217)  contained  black  antimony 
20,  K nitrate  54,  sulfur  20,  charcoal  2.5  & 
lampblack  3-5% 

Antimony  was  also  proposed  as  a compo- 
nent of  expl  compns  (Addni  Refs  A & B) 

According  to  Weingarten  (Ref  11),  metallic 
antimony  is  not  used  in  any  current  US  mili- 
tary pyrotechnic  compns,  but  the  US  Military 
Specification  MIL-A-10841B,  10  Sept  1958, 
deals  with  Antimony,  Technical,  intended  for 
use  in  pyrotechnics  (See  Antimony,  Analytical 
Procedure 

Refs:  l)Mellor  9 (1929),  339-90  2)Thorpe  1 
(1937),  439-46  3)Gmelin,  Syst  Nr  18,  Teil  1 
(1942-3)  3a)Davis(1943),  64,70-1  & 83  4) 
C.Y.Wang  & G.C.Riddell,  ’’Antimony,”  in 
Liddel  fs  "Handbook  of  Nonferrous  Metallurgy,” 
McGraw-Hill,  NY,  2(1945),  104-38  5)Kirk  & 
Othmer  2(1948),  50-69  6)Jacobs (1949),  253- 
63  & 766  7)Elkins(1950),  67-8  & 225  8)A. 
Izzo,  "Pirotecnia  e Fuochi  Artificial!,” 

Hoepli,  Milano(1950),  216-19  & 225  9)A.A. 

Shidlovskii,  "Osnovy  Pirotekhniki, ” Gosizdat 
Oboronprom,  Moscow(1954),  32,  37  10)Sax 
(1957),  305-6  ll)G.Weingarten,  PicArsn, 
private  communication  (I960) 

Addni  Refs:  A)L.  Carta,  CanP  378158(1938) 

& CA  33,  2339(1939)  (Expls  contg  K chlorate, 
antimony,  sulfur  & Na  bicarbonate  with  suit- 
able binding  and  combustion  controlling  agents, 
such  as  flour,  coal,  wood,  grease  & petroleum) 
B)S.Kinoshita  & T. Sakamaki,  JapP  24  98(1953) 

& CA  48,  6700(1954)  (Use  of  antimony  powder 
in  electric  detonator  compns.  Eg:  Sb  80, 

Pb  mononitroresorcinate  10  & K chlorate  10% 
with  a suitable  binder)  C)H.Krebs,;  et  al. 
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ZAnorgAllgemChera  288,  177(1955)  & CA  50, 
9816(1956)  (Allotropy  of  antimony) 

Antimony,  Explosive.  According  to  Mellor 
(Ref  1),  it  was  first  prepd  in  1855  by  G.Gore 
and  then  in  1858  by  R.Bottger.  It  is  a black 
powder  usually  obtained  by  electrolysis  of 
solns  contg  antimony  trichloride,  tribromide 
or  triiodide  using  Pt,  Cu,  Zn,  Hg  or  graphite 
as  cathodes.  A low  temp  or  high  current 
density  favors  production  of  an  expl  deposit 
but  if  the  current  exceeds  a certain  limiting 
value  the  deposit  might  explode  during  the 
electrolysis.  The  deposited  material  is  a 
black,  inhomogeneous,  amorphous  mass, 
which  always  contains  varying  amts  (such 
as  4-15%)  of  occluded  or  absorbed  halide.  It 
explodes  when  subjected  to  a mechanical 
action  (such  as  impact,  grinding  or  scratching) 
or  when  rapidly  heated  to  110-125°.  The  heat 
of  expin  of  a sample  contg  4 % of  SbCl3  is, 
according  to  Coffin  & Hubley  (Ref  14),  ca 
22.2  cal /g.  Sidgewick  (Ref  13)  gives  for  a 
sample,  contg  10-15%  of  a halide  ca  2.4kcal/ 
atom.  According  to  theory  of  Coffin  (Ref  6), 
expln  of  Sb  is  due  to  heat  evolved  when  the 
amorphous  structure  (probably  gel-like)  is 
changed  to  crystalline.  According  to  Glazunov 
& Lazarev  (Ref  8),  the  expl  props  of  Sb 
depend  upon  the  quantity  of  Cl  in  the  space 
lattice  of  the  Sb.  The  groups  SbCl2  & SbCl 
are  formed  in  the  space  lattice  by  the  re- 
actions SbCl4-^=i  SbCla+  + 2C1  and  SbCl*:?^ 
SbCl++  + 3C1  ♦ Within  limits,  the  greater  the 
current  density,  the  more  undecomposed 
SbCla+  & SbCl++  remain  and  the  more  abun- 
dantly they  pass  into  the  cathode  metal. 

These  groups  force  apart  the  space  lattice 
of  Sb  and  thus  produce  a lability  and  a 
tendency  to  transformation.  According  to 
Krebs  et  al  (Ref  15),  the  expl  form  of  Sb  is 
a mixed  polymer  contg  chemically  bonded 
Cl  atoms.  According  to  Frongia  & Ladu 
(Ref  11),  the  expl  Sb  is  inhomogeneous,  and 
crystn  to  normal  Sb  can  begin  simultaneously 
at  various  points  throughout  the  mass.  The 
heat  thus  liberated  propagates  the  reaction. 
Application  of  heat,  or  electricity  renders 
the  reaction  explosive 


Refs:  l)Mellor  9(1929), 359  2)E.Cohen  & C.C. 

Coffin,  ZPhysikChem  149A,4 17(1930)  & CA 
24,5553(1930)  (Prepn  and  physico  chem 
study  of  expl  Sb)  3)H-von  Steinwehr  & A. 
Schulze,  ZPhysik  63,815(1930)  & CA  24, 
5553(1930)  (The  nature  of  expl  Sb)  4)J.A. 
Prins, Nature  131,760(1933)  & CA  27,4160 
(1933)  (Electron  diffraction  patterns  of 
amorphous  and  cryst  Sb)  5)C.C. Coffin  & 

S. Johnston, ProcRoySoc  A146,564(  1934)  & 

CA  29,974(1935)  (Microscopic  examination 
of  expl  Sb)  6)C.C. Coffin, ProcRoySoc  A152, 
47(1935)  & CA  30,924(1936)  (Structure,  elec 
conductivity  & rate  of  crystn  of  expl  Sb) 

7)C.C.  Coffin,  Can  ad  J Res  13A,  120(1935)  & 
jCA  30,2061(1936)  (Magnetic  susceptibility 
of  expl  Sb)  8) A.  Glazunov  & N.Lazarev, 
ChemListy  34,89— 90(1940)  & CA  38,5741 
(1944)  (Mechanism  of  formation  and  structure 
of  expl  Sb)  9)R.Glocker  & H.Hendus, 
ZElektrochem  48,327(1942)  & CA  37,5633 
(1943)  (Diffraction  diagram  of  expl  Sb) 
10)H.Hendus, ZPhysik  1 19, 265(  1942)  & CA 
37,6514(1943)  (Structure  of  expl  Sb  detd  by 
X-rays)  1 1)G. Frongia  & M.Ladu.Rend- 
SeminarFacoltaSciUnivCagiiari  15,  No  2/3, 
19pp( Separate)  & CA  45,6843(1951)  (Struc- 
ture of  expl  Sb  and  mechanism  of  transforma- 
tion to  cryst  form  12)Kirk  & Othmer  2 
(1948),  51  13)Sidgwick,ChemElems  1(1950), 
759  14)C.C. Coffin  & C.E.Hubley.Canad 

JRes28B, 644-7(1950)  & CA  45,3703(1951) 
(Detn  of  the  heat  of  transformation  of  expl 
Sb  to  cryst  form)  15)H. Krebs  et  al,ZAnorg 
AilgemChem  288, 177(1955)  & CA  50,9816 
(1956)  (Structure  of  expl  Sb) 

Antimony,  Analytical  Procedures.  Various 
qualitative  and  quantitative  procedures  for 
detn  of  Sb  including  its  detection  in  air 
are  given  in  Refs  1,2  & 3*  Specification  re- 
quirements for  refined  antimony  are  given 
in  Ref  4 and  the  US  Military  Specification 
requirements  for  technical  antimony  are 
given 

The  military  requirements  and  tests  are 
given  as  follows: 

A)Color  and  Appearance.  The  material  shall 
be  a grayish-black  powder  when  visually 
examined 
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B)  Purity . The  material  shall  contain  not  less 
than  98.0%,  by  wt,  of  Sb,  when  tested  as  de- 
scribed below; 

Transfer  ca  0.2  g sample  weighed  to  0. 1 mg 
to  a 500  ml  Erlen  flask  contg  5g  NaHS04  and 
20  ml  coned  H2S04.  Heat  until  soln  is  com- 
plete and  if  any  sulfur  is  visible,  volatilize 
it  by  heating  the  flask  over  an  open  flame. 
Cool,  add  10  ml  H20  and  cool  again.  Add 
cautiously  5 ml  of  coned  H,P04  and  1 g 
Na2S03.  Heat  for  20  mins  to  expel  the  ex- 
cess of  S02  and  cool  again.  Add  100  ml 
H20  and  15  ml  coned  HCI.  Cool  in  an  ice 
bath  to  5—10°  and  titrate  with  0.  IN  KMnO* 
to  the  appearance  of  a pink  color  which 
persists  for  5 secs.  Run  a blank  and  calc 
as  follows: 


%Sb  = 


6.088*Nx(Vl-Va ) 


wh  ere 


W 

N = normality  of  KMn04  soln;  V,  = mi  of 
KMn04  soln  used  for  sample;  Va  = ml  of 
JCMn04  soln  used  for  blank  and  W = weight 
of  sample 

C)Moisture(max  0.1%  by  wt).  Dry  a glass- 

stoppered  weighing  bottle  in  a vacuum  oven 

at  50  — 55°  and  25"  Hg  for  an  hr,  cool  in  a 

desiccator,  and  tare  it  to  0.1  mg.  Transfer 

ca  10  g of  the  sample  to  the  bottle  and 

weigh.  Heat  unstoppered  in  the  same  vacuum 

oven  as  above  for  2 hrs,  stopper  the  bottle, 

Cool  it  in  vacuum  desiccator  and  reweigh. 

Calculate  as  follows: 

„ ..  - lOOxOtf.  , 

% Moisture  = 2 !/, where 


Wt  = weight  of  empty  bottle;  W2  = wt  of  bot- 
tle with  sample  before  removal  of  moisture 
and  W3  = wt  of  bottle  with  sample  after  re- 
moval of  moisture 

D )Gr emulation  of  the  material  shall  be  such 
that  not  less  than  99.5%  will  pass  through 
a No  80  US  Std  sieve(  177-micron),  not  less 
than  90%  through  a No  1 40  sieve(  105‘micron) 
and  not  less  than  75.0%  through  a No  270 
sieye(53-micron),  when  tested  as  described 
below: 

Weigh  to  the  nearest  0. 1 g clean,  dry 
sieves  and  assemble  them  in  order  of  increas- 
ing fineness,  with  the  coarest  sieve  on  top, 


so  that  the  material  passing  through  a sieve 
is  transferred  directly  to  the  next  one  in  the 
series.  Place  under  the  bottom  sieve  a pan. 
Weigh  a 200  g sample  to  the  nearest  0.5  g 
and  place  it  on  the  upper(No  80)  sieve,  cover 
it  and  attach  the  assembly  by  means  of  clamps 
to  a mechanical  shaker  geared  to  produce  300 
± 15  gyrations  and  150  ± 10  taps  of  the  striker 
per  minute.  Shake  for  3 mins  and  weigh  each 
sieve  to  the  nearest  0.1  g.  Calculate  the  per- 
centage passing  through  each  sieve  as  follows 
% through  No  80  = 100x(W-A);  % through 
W 

No  140  = lOOx(W-A-B)  and  % through  No  270  = 
W 

lOOx(W-A-B-C),  where  W = wt  of  sample  used 

f 

(200  g);  A = wt  of  material  retained  on  No  80 
sieve;  B = wt  of  material  retained  on  No  140 
sieve  and  C = wt  of  sample  retained  on 
No  270  sieve 

Re/s : l)W.W.Scott  & N.H. Furman,  "Standard 

Methods  of  Chemical  Analysis/  ’ Van 
No  strand, NY(  1939), 63-86  2)J  acobs(  1949), 

254-9  3)EIkins(1950,279  4)ASTM  Stand- 

ards 1955, Part  2,pp  522-3,  A STM  Designa- 
tion B237— 5 2(reapproved  in  1955)  5)US 
Military  Specification  MIL— A— 10841 B,  10 
Sept  1958(  Antimony,  Technical)  (For  use  in 
pyrotechnics) 

Antimony  Azide.  See  under  Azides,  Inorganic 
Antimony  Chloride.  See  under  Chlorides 
Antimonyl  Potassium  Tartrate.  See  under 
Tartrates 

Antimony  Pentasulfide.  See  under  Sulfides 
Antimony  Selenide.  See  under  Selenides 
Antimony  Sulfides.  See  under  Sulfides 
Antimony  Telluride.  See  under  Tellurides 
Antimony  Trichloride.  See  under  Chlorides 
Antimony  Triethyl.  Same  as  Triethylstibine 
Antimony  Trimethyl.  Same  as  Trimethyl- 
stibine 

Antimony  Tri sulfide.  See  under  Sulfides 

Anti-Motor-Torpedoboat(AMTB)  was  used 
during  WWII  to  combat  Ital  motor-torpedo- 
boats,  each  equipped  with  a powerful  gun 
and  running  close  under  the  heights  along 
the  coast.  AMTB’ s were  equipped  with 
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90  mm  guns  on  the  special  mount  M3  which 
permitted  abnormal  depression  of  the  gun  tube 
Ref:  F.W.F. Gleason,  "A  Glossary  of  Ord- 

nance Terms,'*  ArmyOrdn  29,368(1947) 

Antioxidants.  In  general,  an  antioxidant  is  a 
substance  which  prevents  or  retards  oxida- 
tion of  various  constituents  of  materials. 

For  some  substances,  for  example  rubber, 
an  antioxidant  means  an  age-resistor;  and 
substances  like  tannic  acid,  anthraquinone 
or  aniline  are  used.  It  is  said  that  antioxi- 
dants possess  "antioxidant  power’’ 

("pouvoir  antioxygene,'  ’ in  French).  A 
fairly  comprehensive  description  of  antioxi- 
dants is  given  in  Kirk  & Othmer  (Ref  5) 

In  case  of  propellants,  several  French 
investigators(Refs  1,2,3))  called  some  sub- 
stances, which  prevent  oxidation  of  CO  to 
COa,  "antioxidants.”  These  substances 
are  usually  incorporated  in  propellants  to 
suppress  the  flash  and  are  called  in  Fr 
"antilueurs.’ ' These  investigators  found 
that  when  small  amts  of  certain  substances, 
particularly  KC1,  K hydrogen  tartrate  or 
powdered  tin,  which  are  volatile  at  high 
temps,  are  vaporized  in  an  atm  of  mixed  CO 
and  air,  the  temp  of  ignition  of  CO  is  raised 
to  such  an  extent  that  the  gas  exiting  from 
a weapon  does  not  ignite  at  the  muzzle.  For 
instance,  for  a raixt  contg  24.8%  CO  and 
75.2%  air,  the  regular  temp  of  ignition, 

656°  was  raised  to  1010°  by  a simple  addn 
of  3.5%  KC1  to  the  propellant.  For  a propel- 
lant producing  a CO— air  mixt  contg  44.1% 

CO,  2.5%  KC1  was  sufficient  to  raise  the 
ignition  temp  to  1000°.  It  was  also  found 
that  KC1  has  no  effect  upon  the  ignition 
temp  of  hydrogen— air  mixt 

In  another  series  of  experiments  it  was 
found  that  addn  of  small  quantities  of  so- 
called  "anti detonating  substances’  ’ 
("antidetonants,*  ’ in  Fr),  such  as  tin 
tetraethyl(Ref  1),  reduced  the  flash,  because 
these  ' 'antidetonants' ' acted  as  "antioxi- 
dants’ ’ since  they  prevented  the  formation 
of  peroxides 

Davis(Ref  4)  gives  a short  resume  of  work 
of  these  French  investigators(Refs  1,2,3) 


(See  also  under  Flash  Reducing  Compounds) 

Refs:  l)P.Demougin,  MP  25,139—41(1932  — 3) 

2)J.Fauvau  & (?)LePaire,MP  25,142—59 
(1932-3)  3)M.Prettre,MP  25,160-7(1932-3) 
4)Davis(1943),323  5)Kirk  & Othmer  2(1948), 
69—75(12  refs)  and  1st  Suppl(1957),77  — 88 
(68  refs) 

ANTIPYRINE  AND  DERIVATIVES 

Antipyrine;  2, 3-Dimethyl- l-pbenyl-3-pyr  azolin- 
5-one  or  Phenazone,  listed  in  Beil  as  1- 
Phenyl-2.3  -dimethyi-pyrazolon-(5)  or 

"Phenazon,”  OC-N(C6Hs )-N(CH,) 

I ! , is 

HC  C(CH3) 

described  in  Beil  24,27,(194)  & [ll] 

There  is  also  an  isomer  called: 

3-  Antipyrine  or  2,5-Dimethyl- l-pbenyl-4- 
pyrazoline-  3-one,  listed  in  Beil  as  1-Phenyl- 
2.5-dimethyI-pyrazolon-(3),(H,C)C-N(C6Hs)-N(CHs) 

HC CO 

Ref:  Beil  24,34,(198)  & [17] 

4-  Azidoantipyrine,  CjjHjjNjO,  mw  229.24, 

N 30.55%.  Lt  yel  crysts(from  benz  by  petr  eth), 
mp  74°(dec);  easily  sol  in  ale,  benz  or  acet; 
insol  in  petr  eth.  Can  be  prepd  by  diazotiza- 
tion  of  4-aminoantipyrinesulfate,  followed  by 
addn  of  NaN,.  Its  expl  props  were  not  examined 

Refs:  l)Beil  24,56  2)M.O. Forster  & R. 

Muller, JCS  95,2075(1 909) 

Diazidoantipyrine , CltH10NeO  — nor  found  in 
Beil  or  CA  through  1956 

Antipyrine  Nitrate,  CiaHia N2 O-HNO,  — not  found 
in  Beil 

Antipyrine  Picrate,Ctl H12N20  + C6HsNj07.  Two 
isomers;  yel  ndls,  mp  ca  188°(not  sharp)  and 
lt  yel  ndls,  mp  168°(not  sharp)  are  listed  in 
Beil  24,31,34 

Antipyrine  Complexes  with  Nitrates  of  Some 
Rare  Earth  Metals  are  mild  expls 
Ref:  Beil  24,(196) 

Antipyrine  Complexes  with  Perchlorates  of 
Some  Rare  Earth  Metals  and  of  some  other 
metals  are  mild  expls 

Ref:  Beil  24, [14- 15] 

Mononitroantipyrines,  CjjHjjNjOj.  Several 
isomers,  none  of  them  expl,  are  described  in 
Beil  24,55,(197-8)  & [27] 
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Nitroantipyrine  Nitrates , CjjHjgNjO,  + HNO,. 
One  isomer  3-nitroantipyrine  nitrate , mp 
143°,  *s  described  in  Beil  24,(198) 
Nitroantipyrine  Picrates,  C„HuNjO,  + 
C6H^sf307.  Two  isomers:  yel  crysts,  mp 
165°  and  yel  crysts,  mp  101°  are  listed  in 
Beil  24,(198) 

Nitrosoantipyrine,  CuH^NjOj.  One  isomer 
4-nitrosoantipyrine  is  described  in  Beil 

24,(217) 

Nitronitrosoantipyrines,  CuHl0N4O4,  mw 
262.22,  N 21.37%.  The  following  isomers 
are  described  in  the  literature; 
l^m*Nitro)-4-nitro  so  antipyrine,  called  in  Ger 
4-Ni  tro  so-  2 . 3-dim  ethy  l-  l-[3-ni  troph  enyl]- 
pyrazolon-(5),  0C~N(C6H4.N02  >-^(CH,) 

QN»C  . C(CHa) 

Green  crysts;  mp— begins  to  dec  ca  165° 
and  deflagrates  at  188—90°;  insol  in  common 
solvents.  Was  obtained  by  treating  1-m- 
nitroantipyrine  with  calcd  amt  of  Na  nitrite 
in  AcOH,  and  cooling 

Refs:  l)Beii  24,(217)  2)A.Michaelis  et  al, 

Ann  378,302(1911)  & CA  5,1274(1911) 

l^p-Nitro)-4*nitrosoontipyrine,  called  in  Ger 
4-Ni  tro  so-2 .3-dim  ethyl- 1-  [4-nitro-ph  enyl]- 

pyrazolon-(5),  OC N(C6H4-N02  )-N(CHs)p 

ON . C — = C(  CH ,)’ 

Green  crysts;  mp-  turns  yel  & bm  at  ca 
176°  and  melts  at  188-9°;  sol  in  acet;  si 
sol  in  w,  ale  & AcOH;  in  sol  in  petr  eth. 

Its  expl  props  were  not  investigated 
Refs : l)Beil  24,(217)  2) A.Michaelis  et 

al,  Ann  378,332(1911)  & CA  5, 1274(1911) 

Dinitroantipyrines,  CliHl(iN40at  mw  278.22, 

N 20,14%.  The  following  isomers  are  de- 
scribed in  the  literature; 

l-(o-Nitro)-4-nitro-ontipyrine  or 
1-0-4* Dinitroantipyrine,  called  in  Ger 
4-Ni  tro- 2 .3-dim  ethyl- 1-  [2-nitro-phenyl]  - 
pyrazolon-(5),  0C-N(CaH4-N02  J-NfCH,) 

OjN-C  = C(CH  ,) 

Ndls,  mp  244°;  si  sol  in  w,  ale  or  chlf; 
more  sol  in  AcOH;  insol  in  ligroin.  Was 
prepd  by  treating  1-o-nitroantipyrine  with 
coned  nitric  acid  at  temp  below  60°.  Its 
expl  props  were  not  investigated 


Refs:  l)Beil  24,(220)  2)A.Michaelis  et  ai, 

Ann  378,321(1911)  & CA  5,  1275(1911) 


l-(m-Nitro)-4-nitro-antipyrine  or 
1-m-4-Dinitro  antipyrine,  called  in  Ger  4-Nitro- 


2. 3-dimethyl- l-[3-nitro-phenyl]-pyrazolon-(5), 
0C'-^(CjH4*N02)— N(CHj).  Wh  shiny  ndls, 
n w , mP  203<5(wiA  expl 

^ C(CHj)  decompn);  insol 

in  ale,  eth  & w;  sol  in  AcOH.  Was  prepd  by 
treating  1-m-nitroantipyrine  with  coned  nitric 
acid,  with  si  warming 

Refs:  l)Beii  24,(221)  2)A.Michaelis  et  al, 

Ann  378,302(1911)  & CA  5,1274(1911) 


l-(p-Nitro)-4-nitro-antipyrine  or 
l-p-4-Dinitroantipyrine,  called  in  Ger  4-Nitro- 
2, 3-dimethyl- l-[4-nitro-phenyl]-pyraaolon-(5), 
OC-N(C6H4*N02  )-N(CHj).  Col  crysts,  mp 

276°;  insol  in 


o2n.c 


;C(CHj)  w of  ajc.  s| 


sol  in  AcOH.  Can  be  prepd  by  treating  1-p- 
nitroantipyrine  with  coned  nitric  acid  or  by 
treating  antipyrine  with  mixed  nitric- sulfuric 
acid.  Its  expl  props  were  not  examined 
Refs:  l)Beil  24,(221)  2)A.Michaelis  et  al, 

Ann  378,333-4(1911)  & CA  5,1275(1911) 


l-(m-Nitro)-4-nitro- 3- antipyrine  or 

1.4- Dinitro*3*antipyrine,  called  in  Ger  4-Nitro- 

2. 5- dimethyl-  l-[3-nitro-phenyl]-pyrazolon-(3), 
HjOC-N(CaH4*N02 )-N(CH,).  Yel  crysts, 

o N.r CO  decompg  explo- 

c LU  sively  at  ca 

271°;  diff  sol  in  ale,  more  sol  in  AcOH.  Was 
obtained  by  treating  I-m -nitro- 3-anti py fine 
with  coned  nitric  acid,  with  cooling 


Refs:  l)Beil  24,55  2) A.Michaelis  & A. 

Stiegler,  Ann  358,155(1908) 
Trinitroantipyrine , CnH,NsQ7  and  Tetranitro- 
antipyrine,  CnH,N609  were  not  found  in  Beil 
or  CA  through  1956 


Antis  arm  on  ite(Ital).  Same  as  ANS(Esplosivo) 

Antisubmarine  Weapons  include:  guns,  mines, 
nets  & booms,  projector  charges,  bombs, 
depth  charges  & depth  bombs,  torpedo es( air- 
craft, surface  and  submarine  launched), 
rockets  and  guided  missiles 
Ref:  H.P. Cooper, Ordnance  36,583-5(1952) 

Antitonk(A/T)  Ammunition  and  Weapons  in- 
clude: A/T  grenades,  guns,  incendiaries, 
mines,  rifle  grenades  and  rockets 
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Refs:  l)Ohaxt(  1946), 4,9, 13 9, 179, 354, 36 1, 
363—7  2)G.E. Rogers,  "Antitank  Mines  and 

Fuzes,”  Lecture  delivered  at  Pic Arsn, Dover, 
NJ*  on  6 Feb  1948  3)ArmamentEngrg(1954), 
343-6  4) Anon, "Ammunition  General,”  Dept 

of  the  Army  Manual  TM  9-1900(1945),  109, 
162,215-26,243-55 

Antonite  Cava.  An  Ital  mining  expl  manufd  by 
the  Societa  Vulcania  di  Brescia 
Ref:  A.Izzo,  "Manuale  del  Minatore  Esplosi- 

vista,”  Hoepli,  Milano(1953), 32 

Antonite  Galleria  Extra.  An  Ital  mining  expl 
consisting  of  AN  & TNT  in  propn  to  give  an 
oxygen  balance  of  ca  +2.5%.  Its  props  are 
reported  as  Trauzl  test  400  cc,  vel  of  deton 
(by  Dautriche  method)  4300  m/sec,  impact 
sensitivity  with  2 kg  wt  100  cm,  expln  temp 
>180°,  temp  of  expln  2570°,  expln  pressure 
8290  kg/cm2.  It  was  manufd  by  the  Societa 
Vulcania  di  Brescia 
Ref:  Same  as  above, pp  17  & 32 

ANU.  A cast  double-base  propellant  described 
in  conf  Propellant  Manual  SPI A/M 2(1959), 
Unit  No  412 

Anvil  of  a Percussion  Primer  is  a metallic 
item  of  a special  shape,  which  is  pressed  into 
the  open  end  of  a metallic  cup  contg  primer 
compn(such  as  one  consisting  of  MF,  K chlo- 
rate, Sb  sulfide  & ground  glass).  A paper 
disc  is  placed  over  the  compn,  prior  to  inser- 
ion  of  anvil,  to  provide  a moisture  seal.  The 
ensemble  is  pressed  into  an  ammunition 
component(such  as  a cartridge)  and  fired  by 


striking  the  bottom  of  die  cup  with  a firing 
pin  which  crushes  the  primer  compn  against 
the  anvil 

Refs:  l)Davis(  1943), 455  2)Ohart(1946),47 

3)' 'Ammunition  General,”  TM  9—1900(1956), 
72-3  4)A.B. Schilling,  PicArsn;  private 

communition(1960) 

A0E;AQK;A0R;A0V.  Cast  double-base  propel- 
lants described  in  conf  "Propellant  Manual,” 
SPlA/M2(1959),UnitNos414,415,4I6&4l7 

AP.  See  Armor-piercing 
Apache  Coal  Powder.  A non  gelatinous  per- 
missible expl  manufd  by  the  Apache  Powder  Ct 
Ref:  Bebie(l943),28 

Apache  Powder  Co,  located  in  Benson, 

Arizona  was  established  in  1921  by  W.W. 
Edwards(  1876- 1922),  formerly  of  Aetna  Ex- 
plosives Co.  Apache  Co  has  been  manufg 
various  grades  of  dynamites  and  its  principal 
trade  is  in  copper  mines  of  S.  Ari  zo  n a(  su  ch  as 
Bisbee)  and  adjacent  territory 
Ref:  Van  Gelder  & Schlatter(  1927), 634 

APC.  See  Armor-piercing  Capped 
Apfel saure{Ger).  Malic  Acid 

Aphoslte.  An  older  Brit  "permitted”  expl: 

AN  58—62,  K nitrate  28—31,  charcoal  3.5— 4.5, 
WM  3.5— 4.5,  sulfur  2—3  & moisture  0—1.5% 
Refs:  l)Daniel(1902),29  2)Escales, 

AmmonspK  1909),  188 

AP1GENIN  AND  DERIVATIVES 

Apigenin;  4'  ,5, 7-Trihydroxy flavone  or 
4*  ,5,7-Trihydroxy-2-phenylchromone,  called 
in  Ger  5.7.4'  -Trioxy-flavon  or  5.7-Dioxy- 
2-[4'  -oxy-phenyi]-chromon 
.0 — C-  CJVOH 

(HO^QHj  |j  , is  described  in 

CO-CH 

Beil  18,181,(396)  & [172} 

Apigenin , Azido-, C15H9N,Os  and  Diazido -, 
C5H,N60j,  Derivatives  were  not  found  in 
Beil  or  CA  through  1956 
tAononitroapigenins,  Cl5 H9N07.  One  isomer 
is  lifted  in  Beil  18, 183 
Dinitroapigenins , ClSH,N208  — not  listed  in 
Beil 
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Trinitroapigenins , CjsHjNjOi,.  Two  isomers: 
yel  ndls,  mp  2%°  and  orange  leaflets,  mp 
245—6°  are  listed  in  Beil  18,183 

Tetranitroapigenins,  C15H60s(N02  )4,  mw 
450.23,  N 12.45%.  One  isomer  x,x,x,x-tetra- 
nitro-4'  ,5,7-trikydroxyflavone,  nearly  col  ndls, 
mp  243-4°  (dec),  diff  sol  in  common  solvents, 
is  described  in  Refs  1—3.  Can  be  prepd  by 
nitrating  apigenin  with  mixed  nitricsulfuric 
acid.  Its  expl  props  were  not  investigated 
A compd  of  mp  258°,  described  in  Ref  4> 
was  prepd  by  heating  with  20%  HNOj  the  brn- 
red  vitexin  (Ref  4),  Cl5H,407,  obtd  from  air- 
dried  and  powdered  bark  of  Vitex  peduncularis 
Refs:  l)Beil  18,184  2)A.G.Perkin,jCS  73, 

1025(1898)  3)Ibid,  77,420(1900)  4)G.  Barger, 
JCS  8911, 1222(1906)  5)V.N.Sharma JScilndRe- 
search(India)  14B,  267(1955) & CA 50,5649(1956) 

Aplastic  Anemia  and  Toxic  Hepatitis  can  be 

caused  by  exposure  to  TNT  or  other  aromatic 
polynitro  compds  and  to  poiynitramino  compds 
Refs:  1)R.L. Stump  et  al,US  PubHealthBull 

No  291,85—98(1945)  (included  are  70  refs) 
2)R.F.Sievers  et  al,  Occupational  Medicine  1, 
351-62(1946) 

Apparatus  for  Blasting  Coal,  patented  by 
Davis  et  al,  consists  of  a pressure-resistant 
metal  tube,  the  end  of  which  is  sealed  by  a 
rupture  disk  for  releasing  the  gas  pressure  at 
the  desired  value.  The  tube  contains  a chge 
of  gas-generating  expl,  such  as  AN  + starch, 
with  a nichrome  elec  heater  embedded  in  it. 

The  material  is  heated  until  decompd  and 
sufficient  gas  pressure  is  generated  to  rup- 
ture the  disk 

Ref:  C.O.Davis  et  al,USP  2,736,261(1956)  & 

CA  50,10412(1956) 

Apporatus  for  Indicating  the  Presence  of  Ex- 
plosive or  Flammable  Vapors  or  Gases  was 

developed  by  H.T.Ringrose,BritP  711,133 
(1954)  & CA  48,8544(1954) 

Apparatus(Laboratory)  for  Continuous  Prepa- 
rations(lncluding  Nitrations)  of  Explosives 

is  described  by  F.Tabouis  & J.Vaganay, 

MP  37,413-16(1955) 


Apparechio(Ital).  Apparatus 

Apparechio  nebbiogeno(Ital).  Smoke  genera- 
tor 

Appareil(Fr).  Apparatus 
Appareil  d’  ecoute(Fr).  Sound  locator 
Appareil  de  pointage(Fr).  Sighting  gear 
Apporent  Density.  See  under  Density 

Apparent  Ignition  Temperature  in  Air  is  the 
same  as  Spontaneous  Ignition  Temperature 
(SIT)  described  in  this  work  under  Flam- 
mability of  Gases,  etc 

Applications  of  Explosives  for  Non-Explo- 
sive Purposes.  See  Explosives,  Applica- 
tions of  Non-Explosive  Nature 

Applied  Analysis.  Title  of  the  book  by 
Cornelius  Lanczos,  Prentice  Hall,  Engle- 
wood Cliffs,  Nj(1956).  It  deals  with  mathe- 
matics and  must  not  be  confused  with  Ap- 
plied Chemical  Analysis 

Applied  Chemistry  and  Applied  Chemical 
Analysis  deal  with  application  of  chemistry 
to  practical  purposes  such  as  manuf  and 
analyses  of  glass,  ceramics,  pigments, 
metals,  expls,  plastics,  etc 

Following  are  some  refs  on  these  subjects: 
1)J.R. Partington,  "Origins  and  Development 
of  Applied  Chemistry,’’  Longma  ns-Green, 
London(1935)  2)M.D.Curwen,  Edit,  1 'Chemis- 
try in  Commerce,’  ’ G.Newnes,  London, 4 vols 
(ca  1937)  3)J.F. Thorpe  et  al,  "Thorpe’ s 

Dictionary  of  Applied  Chemistry,’’  Longmans- 
Green,  London,  4th  edn;  vols  1 to  11(1937  to 
1954);  vol  12(General  Index)  (1956)  4)S.R. 

Wilson  & M.R. Mullins,  "Applied  Chemistry,’  ’ 
Holt,NY(1947)  5)R.E.Kirk  & D.F.Othmer, 
eds,  "Encyclopedia  of  Chemical  Technology,*  ’ 
Inter  science, NY,  Vols  1 to  15(1947  to  1956); 

1st  Supplement(1957)  6)M.Giua  & C.Giua- 
Lollini,  "Dizionario  di  Chimica,’ ’ UTET, 
Torino,  Vols  1-3(1948-50)  7)K.  Winnacker 

& E.Weingaertner,  "Chemische  Technologie,’  ’ 
C.Hanser,  Miindien,  Vols  1 to  5(1950  to  1954) 
8)E.S.GyngeIl,  "Applied  Chemistry  for  Engi- 
neers,” StM  ar  tin  s,NY(  1951)  9)F.UUmann, 
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"Enzyklopadie  der  Technischen  Chemie,’’ 
Urban  & Schwarzenbe  rg,  Berlin,  3rd  edn, 

Vols  1 to  10(1951  to  1958)  10)C.K.Tinkler 
& H. Masters,  ’'Applied  Chemistry,’ * Lockwood, 
London(1953)  11)W.F,  Willebrand  & C.E.F. 

Lundell,  "Applied  Inorganic  Analysis,’ ’ 
Wiley,NY(l953)  12)CoIl,  "Reports  on  Prog- 
ress of  Applied  Chemistry,’  ’ Yearly  publica- 
tions by  the  Society  of  Chemical  Industry, 
London;  the  last  rept  printed  is  Vol  43  of  1958 
(See  also  Refs  under  Chemical  Engineering 
and  under  Industrial  Chemistry) 

Appoint(Fr).  See  Increment 
APQ.  A cast  double-base  propellant  described 
in  conf  "Propellant  Manual,"  SPIA/M2(1959), 
Unit  No  419 

Aprotic  Solvents  are  those  which  have  no 
tendency  either  to  lose  or  to  gain  a proton. 

To  these  belong  the  hydrocarbons  and  their 
halogen  derivs,  such  as  benzene,  pentane, 
toluene,  chloroform,  carbon  tetrachloride, 
chlorobenzene,  etc.  Because  of  the  inert 
nature  of  these  solvents,  no  dissociation  or 
other  reaction  can  take  place  when  a single 
acid  or  base  is  dissolved 
Ref:  P.B.Beli,  "Acids  and  Bases,’  ’ Methuen, 
London(1952),36  & 81 

Aptitude  a la  De'flagration(Fr),  Sensitivity  to 
Deflagration 

Aptitude  b la  Deflagration  par  Choc  Mecha- 

nique(Fr).  Sensitivity  to  Deflagration  by 
Impact(See  under  Impact  Sensitivity  Tests) 

Aptitude  a la  Detonation(Fr).  Sensitivity  to 
Detonation(See  under  Sensitivity  to  Initia- 
tion by  Detonators  and  Boosters) 

Aptitude  a I*  Inflammation,  EpreuvefFr). 

Sensitivity  to  Inflammation,  Test.  This 
French  test,  also  called  epreuve  de  combus- 
lion',  combustion  en  gouttiere  or  combustion 
en  tas  conique , is  described  here  under 
Flame  Tests 

APU.  A cast  double- base  propellant  described 
in  conf  "Propellant  Manual,"  SPIA/M2(1959), 
Unit  No  421 

APX  Explosives.  A series  of  experimental 
expls  developed  and  tested  in  the  US  during 
WW  II,  such  as  APX-5A,  which  contained 


EDNA  87,  wax  5 & A1  Q% 

Ref:  All  & EnExpls(  1946),  144 
Note:  There  was  also  APX— 4A  which  con- 
tained Comp  A 92  & A1  8 % 

Apyrite.  A single-base  smokeless  propellant 
invented  at  the  end  of  the  last  century  by 
Skoglund  of  Sweden  and  manufd  for  many 
years  by  the  Grakrut  Co.  It  was  used  by  the 
Swedish  Navy 
Ref:  Daniel(1902),29 

AQG;AQL;AQN;AQO*  Cast  double-base  pro- 
pellants described  in  conf  "Propellant  Man- 
ual," SPIA/M2(1959),UnitNos 422,423,425  & 426 

Aquadag.  A colloidal  suspension  of  graphite 
in  w used  as  a lubricant.  The  Acheson  Graph- 
ite Co  manuf  it  by  grinding  graphite  and  tan- 
nin in  w and  then  adding  dil  ammonia.  If  a 
mineral  oil  is  used  instead  of  ammonia,  the 
resulting  product  is  called  Oildag 
Refs:  l)Hackh(I944),70  2)Kirk  & Othraer  4 

(1949),  226 

Aquametry  is  a generic  term  for  detn  of  water 
content  in  various  substances.  Following  is 
a partial  list  of  methods  used  in  aquametry: 
a)Oven  drying  method  b)Karl  Fischer  rea- 
gent methods  c)Distillation  methods,  which, 
in  general,  depend  on  a heterogeneous  azeo- 
tropic distn  with  hydrocarbons(such  as  ben- 
zene) or  org  halides(such  as  CCl*)  in  which 
the  water  separating  as  a phase  in  the  dis- 
tillate is  measured  volumetrically  d)Ab- 
sorption  methods  are  usually  based  on  the 
evoln  of  w at  elevated  temps  into  a stream 
of  inert  gas  by  which  it  is  carried  into  a 
taxed  tower  contg  an  active  desiccant,  such 
as  Dehydrite[anhyd  Mg(Cl04)a3,  Drierite 
(anhyd  CaS04),  CaCl2,  P308,  etc.  e)Evapo- 
ration  method  in  which  w remains  as  a resi- 
due(see  under  Ammonia,  Analytical  Proce- 
dures) f)Specific  gravity  method,  such  as 
■used  in  estimating  the  strength  of  alcohols, 
some  acids,  etc.  g)Refractive  index  method 
h)Viscosity  method  i)Electxic  conductivity 
method  j)Dew  point  test  k)Cloud  point 
test  l)Heat  of  dilution  test(such  as  used  in 
detn  of  sulfuric  acid  strength)  m)Boiiing 
point  test  n)Polarimetric  tests  o)Calcium 
carbide  test,  based  on  measuring  the  vol  of 
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acetylene  evolved  on  contact  of  CaC2  with  w 
(See  also  determinations  of  moisture  under 
individual  substances) 

Ref:  J. Mitchell,  Jr  & D.M.Smith,  "Aqua- 
merry.'  ’ Application  of  the  Karl  Fischer 
Reagent  to  Quantitative  Analysis  Involving 
Water,”  Interscience,  NY(1948) 

Aqua  Regia  or  Aqua  Regis(Nitrohydrochlo- 
ric  or  Nitromuriatic  Acid)  (L*  eau  regale,  in 
Fr;  Konigwasser  or  Goldscheidenwasser,  in 
Ger;  Tsarskaya  Vodka,  in  Rus;  Aqua  Regia, 
in  Span;  Acqua  Regia,  in  Ital).  The  name 
aqua  regia(or  regis)  was  given  to  a liq  dis- 
solving gold.  It  was  prepd  by  dissolving  sal 
ammoniac(NH4Cl)  in  strong  nitric  acid.  E. 

Davy  prepd  in  1831  a similar  solvent  by  mix- 
ing HC1  with  HNOa.  It  is  now  usually  prepd 
by  mixing  1 vol  of  coned  HNOjWith  3—4  vols  of 
coned  HC1,  The  liq  is  at  first  colorless,  but 
it  gradually  becomes  orange-yel  due  to  the 
formation  of  nitrosyl  chloride  and  free  chlorine: 
HNOs+3HCl > aj+2H20+NOCl(nitrosylchloride) 

This  reaction  is  believed  to  proceed  in  two 

steps:  HNO,  +HC1 * H, O + N02 Cl(nitrocbloride) 

and  NOj  Cl  + 2HC1 *.  Cl  2 + HaO  + NOCi 

Aqua  regia  dissolves  not  only  gold, but  also 
other  noble  metals(such  as  platinum)  as  well 
as  sulfur 

It  is  not  advisable  to  bottle  and  store 
aqua  regia(Ref  6) 

Refs:  1)W.  C.Moore,  J ACS  33, 1091(1911)  & 

35,333(1913)  2)Gmelin,Syst  Nr  6(Chlorine) 
(1927),439— 41(K6’nigwasser)  3)MelIor  8 
(1928),618  4)Thorpe  1(1937), 453  5)Kirk  & 
Othmer  2(1948),  108-9  6)H.Faucett,  C & EN 
33,897(1955)  & CA  49,5843(1955) 

ARA.A  cast  double-base  propellant  described 
in  conf  "Propellant  Manual,"  SPIA/M2 
(1959),  Unit  No  429 
Arabic,  Gum.  See  under  Gums 

ARABINOSE  AND  DERIVATIVES 

Arabinoses,  C4H5  *CHO(OH)4,  mw  150.13- 
Colorless  monosaccharides  of  which  a- 
arabinose  or  L-arabinose  is  the  common  form; 
rhombic  crysts,  mp  159.5°,  d 1.585  at  20/4°. 

It  is  usually  obtained  from  plant  gums  by 
hydrolysis  with  mineral  acids.  There  is  also 


D-arabinose  which  is  produced  by  the  degra- 
dation of  D-glucose 

Refs:  I)Beil  1,859,(435)  & [900]  2)Kirk  & 

Othmer  2(1948), 869 

Arabinose,  Azido-,  CaHd$zOs  and  Diazido *, 
CgH,N605  Derivatives  were  not  found  in 
Beil  or  CA  through  1956 
Arabinose,  Mononitrate,  C,  H9N07,  Dinitrate, 
CsH#N20p  and  Trinitrate , C5H7NsOu  - were 
not  found  in  Beil  or  CA  through  1956 

Arabinose  Tetranitrate,  C4H5  *CHO(0N02)4, 
mw  330.13,  N 16.97%,  OB  to  C02  ± 0%,  OB 
to  CO  +24.2%.  Col  monocl  crysts;  mp  85°, 
dec  ca  120°  and  expl  at  higher  temps;  sol 
in  acet,  ale  & AcOH;  insol  in  w & ligroin. 
Was  prepd  by  nitrating  D-arabinose  as 
described  in  detail  by  Will  & Lenze(Ref  2). 

It  explodes  also  by  shock;  not  stable  in 
storage  even  at  temps  as  low  as  50° 

Refs:  l)BeiI  1,863  2)W.Will  & F.Lenze, 

Ber  31,72(1898)  3)Davis(  1943),  240 
Note:  No  refs  were  found  in  CA  through  1956 

ARABITOL  AND  DERIVATIVES 

Arabitol^ Arabic  in  Ger),  CsH7(OH)s,  mw 

152.15,  exists  in  several  forms,  of  which 
D-arabitol  is  most  common;  col  prismatic 
crysts,  rap  103°;  can  be  prepd  by  reduction 
of  D-lyxose  or  D-arabinose 

Refs:  l)Beil  1,531,(281)  & [604]  2)O.Ruff, 

Ber  32,555(1899)  & 33,1802(1900) 

Arabitol,  Azido,  CgH^NgOg  and  Diazido, 
CsHj0N6Os  Derivatives  were  not  found  in 
Beil  or  CA  through  1956 
Arabitol,  Mononitrate-,  CgH^NO,,  Dinitrate, 
CsHl0N2Os>  Trinitrat e-,  CgHjNjO,,  and 
Tetranitrate,  C8H4N401S  - were  not  found  in 
Beil  or  CA  through  1956 

Arabitol  Pentonitrate,  CjH7(ON02)g,  mw 

377.15,  N 18.57%,  OB  to  C02  + 6.36%, 

OB  to  CO  +27.5%.  Wh  syrupy  mass; 
sol  in  ale,  eth  & acet.  Can  be  prepd  by 
nitrating  D-arabitol  with  fuming  nitric  acid 
at  -5°,  followed  by  addn  of  coned  sulfuric 
acid.  Its  expl  props  were  not  investigated 
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Refs:  l)BeiI  1,531  2)L.Vignon  & F.Gerin, 

CR  133,641(1901)  & JCS  82  1,9-10(1902) 
Note : No  refs  were  found  in  CA  through  1956 

Araldite  is  an  epoxy  resin  bonding  agent, 
made  by  Bond  Master  Rubber  & adhesive  Co, 
Irving  con,  Nj,  used  in  some  US  eiec  deto- 
nators, such  as  the  T44.  In  this  item,  the 
pin  and  the  inside  of  the  plug  are  coated 
with  Formvar  for  insulation  and  then  bonded 
together  with  Araldite 

Refs:  l)P.B.Tweed, Ordnance  44,654(1960) 

2)P,B. Tweed,  PicArsn;  private  communica- 
tion I960) 


Arana i,  Ricardo.  A Spanish  general  special- 
izing in  Ordnance,  who  died  in  1932.  In 
1906  he  introduced  in  Spain  the  modern  pro- 
gressive smokeless  propellants  and  did  con- 
siderable work  on  their  improvement.  He 
also  did  some  work  on  HE*  s.  such  as  retrvL 
and  was  the  author  of  several  publications 
oq  expls  and  propellants 
Refs:  l)Perez  Ara(  1945), 426  & 429 

2)  Vivas,  Feigenspan  & Ladreda,  vol  3 
(1948),  86('rootnote)  & 212 


ARB.  A cast  double-base  propellant  described 
in  Con?  “Propellant  Manual  7 SP  IA/M2(l959); 

Unit  No  430 

Arbalest  or  Crossbow.  A weapon,  invented 
in  the  4th  century,  consisted  of  a stock 


(arbier)  and  a short  powerful  bow  fixed 

. .L  „ 1 - t .U  „ ^1, 

ir*Ul  bvci  ucm  uic  cuu  U1  mv-  v-tv 


ing  the  target.  The  stock  contained  a groove 
to  guide  the  missilefsuch  as  an  arrow,  stone, 
dart  or  bullet),  a notch  to  hold  the  string  of 
the  bow,  and  a trigger  to  release  it.  The  end 
of  the  stock  opposite  the  bow  was  placed 
against  the  shoulder,  gun  fashion,  and  the 
string  was  released  by  trigger 

This  weapon  was  used  successfully  for 
ever  10  cenruries(includin tr  Norman  invasion 


of  England  in  the  11th  century  and  battle  of 
Crecy  in  the  14th  century)  and  even  com- 
peted for  some  time  with  early  firearm s, 
which  were  not  as  efficient  as  arbalests  of 
the  14th  and  15th  centuries 
Refs:  l)Webster’  s Unabridged  Dictionary 

/ 1 G 1 \ 13"7  WnrvrUnP^ia  Rritannica. 

\ * */j  / r ■ " 

vol  6(1952),755(Crossbow)  3)Coliier' s 
Encyclopedia,  vol  2(1957),  under  Archery 


Archery.  The  term  derived  from  the  Latin 
“arcus'  '(a  bow),  covers  the  equipment  and 
procedures  of  shooting  with  all  types  of  bows 
and  arrow  for  war,  hunting  and  sport.  History 
of  development  and  a comprehensive  survey 
o * ViiTious  types  G*  tiiaci  sire  inr’s  sic  ^ivcs 

in  Collier’ s Encyclopedia,  NY,  vol  2(1957) 
135—41  (See  also  Arbalest) 

Arcites  are  rocket  propellants  developed  re- 
cently in  the  US  by  Atlantic  Research  Corp. 
Alexandria,  Virginia.  They  usually  contain 
oxidizers(such  as  AN  or  NH.,C104),  binders 
(such  as  polyvinyl  chlorides)  and  plastici- 
zers(such  as  di  butyl  sebacate) 

Ref:  warren(195S),  II 

Arcttas  251,309,358,362  & 368  are  described 
in  conf  "Propellant  Manual,”  SPIA/M2(1959), 
Unit  Nos  460,462,54  7,546  & 524 


Ardeer  Cordite.  A solventless  cordite  de- 
veloped in  1919  at  the  Ardeer  plant  of  Nobel 

s-/  i e r%  XT z'*1  A 

ln  xz.z 7ciS ) +±a-  oc  p* * 1 11  y 

urethane  8%.  Its  stability  did  not  meet  Brit 
military  requirements,  mainly  on  account  of 
acid  products  which  developed  in  the  pres- 


ence of  moisture 

Ref:  J.N.Pring/'Modern  Propellants  Employed 
in  British  Ordnance,"  Paper  read  at  a Meeting 
of  the  Chemical  Engineering  Group,  London, 
SWI,  May  4,  1948,  p 5 


Ardeer  Plant  of  Nobel' s Explosives  Co,  Ltd 
is  located  at  Stevenston,  Scotland 


Ardeer  Powder.  An  older  Brit  “permitted'' 
expl:  NG  31—34,  kieselguhr  11—14,  Mg  sul- 
fate 47—51,  K nitrate  4—6  Na  carbonate  0.5 
& Amm  carbonate  0.5% 

D nnaruVInorm  30  CMrondChemDiet 

— 

(1942), 287(not  listed  in  newer  editions) 


A U 4 C—.:  . — DCTW  Trc~  /%Amnn 
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is  based  on  Stettbacher's  patents  which  are 
now  expired 

Ref:  Dr  A.Stettbacher,  Zurich;  private  com- 
munication, June  25,  1958 


Argent  fulminant  de  Berthollet(Fr).  Fulminate 
ing  Silver  of  Berthoilet 


ARGENTINE  ARMAMENT.  Argentina  is  capa- 
ble of  nroducine  all  exolosives  reauired  for 

" - ■ r v 1 ' 
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their  industrial  and  military  purposes,  as 
well  as  for  most  of  their  ammunition  and 
small  arms.  It  still  depends  on  foreign  coun- 
tries (such  as  Sweden,  France,  GtBritain, 
Italy  and  USA)  for  cannons,  howitzers, 
mortars,  some  machine  guns  and  rockets 
According  to  Capitan  de  Navio  Lopez 
(see  Ref),  most  of  their  small  arms  come 
from  foreign  countries;  a great  variety  of 
them  exist,  but  it  is  expected  that  some 
standardization  will  be  achieved  when  all 
(or  most)  of  the  arms  will  be  manufd  in 
Argentina.  One  of  the  first  small  arms  manufd 
in  Argentina  was  the  pistol  Colt  C/45.  The 
production  of  weapons  was  gradually  ex- 
tended to  the  manuf  of  rifles  and  machine- 
guns.  Larger  caliber  weapons  up  to  12.7  mm 
and  even  20  ram  and  40  mm  are  also  pro- 
duced but  on  a small  scale.  Most  ammo  and 
some  rockets  (such  as  57  mm)  are  also 
manufd 

The  current  armament  of  the  Argentine 
Army  includes: 

a) 7.65  mm  rifles  and  carbines  (such  as  the 
Mauser,  previously  manufd  in  Germany  & 
Spain,  but  now  to  a limited  extent  in 
Argentina) 

b) 7.65  & 12.7  mm  machine  guns 

c) 20  St  40  mm  automatic  guns 

d) 80  mm  antiaircraft  gun 

e) 105  ram  howitzer  and 

f) 75,I05  and  155  mm  cannons 

The  current  armament  of  the  Argentine 
Navy  includes: 

a) 20  and  40  mm  automatic  guns 

b) 75, 80, 120, 127.5, 150  & 190  mm  cannons 
The  following  explosives  and  propellants 

are  used  by  the  Argentine  Army  and  Navy: 

a) TNT  (Trotil)  is  used  as  a HE  filling  for 
most  shells,  bombs,  grenades,  mines,  tor- 
pedoes  & rockets.  Some  of  the  shells  im- 
ported from  the  US  are  filled  with  ammonium 
picrate.  The  possibility  of  using  PETN 
(Pentril)  and  RDX  (Hexogeno)  has  also  been 
investigated 

b) Tetryl  is  used  for  boosters 

c) Mercuric  fulminate  (fulminato  de  mercuric) 


and  lead  azide  (nitruro  de  plomo)  are  used 
in  primers 

d) Mercuric  fulminate  and  lead  styphnate 
(trinitroresorcinato)  are  used  in  detonators 

e) Single-base  propellants  (NC,  DNT  & DPhA), 
multi  perforated,  are  used  in  various  cannons 

f) Single-base  propellants  (NC  with  DPhA), 
single  perforated, are  used  in  rifles,  pistols 
and  machine  guns 

g) Doubl e-base  propellants  (NC,  NG  & 
centralite),  tubular  solventless  and  tubular 
using  acet  as  a solvent,are  used  in  various 
cannons 

h) Triple-base  propellants  (NC,  NG  & NGu), 
laminated,  are  used  in  mortars 

i) Propellants  consisting  of  NC,  NG,  DNT  & 
TNT, are  used  in  rockets 

Following  is  a list  of  Argentine  plants 
manufg  explosives,  ammunition  and  weapons: 

A.  Government  Owned  Plants 

a) Pabrica  Militar  de  Polvoras  y Explosivos, 
Villa  Maria,  Cordoba  (NC,  NG,  NC  propellant, 
NC-NG  rocket  propellant,  TNT,  RDX  and 
dynamites) 

b) Fabrica  Naval  de  Explosivos  Azul,  Azul, 
Provincia  Buenos  Aires  (NC,  NG,  NC  & 
NC-NG  propellants,  TNT  and  dynamites) 

Note:  This  modern  plant  (1955)  may  be  con- 
sidered among  the  best  in  the  Americas.  It 
was  constructed  by  Bofors  AB(Sweden)  and 
by  other  European  firms.  Manuf  of  TNT  is 
continuous  (by  the  method  of  Bofors)  and 
so  is  the  manuf  of  NG  (method  of  Meissner). 
Stainless  steel  is  used  for  all  apparatus. 

Its  laboratory  is  well  equipped  not  only  for 
analytical  work,  but  also  for  research.  The 
sr  author  (BTF)  of  this  book  had  the  privi- 
ledge  of  visiting  this  plant  in  1955 

c) Fabrica  Militar  Jose  de  la  Quintana , 
Cordoba  (Ball  powder  for  small  caliber 
weapons,  PETN,  RDX,  TNT,  LA  and  LSt) 
Note:  Ball  powder  is  called  in  Argentine 
"polvora  W”,  where  "W”  stands  for  Western 
Powder  Co 
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(i)Fabrica  Material  P irotecnico,  Pilas,  Pcio 
Duenos  Aires  (Primacord,  fuses,  detonators 
MF,  LA,  LSt  and  various  pyrotechnic  mix- 
tures and  items) 

e) Fabrica  Militar  de  Mimiciones,  San  Lorenzo, 
Santa  Fe  (MF  and  ammo  for  small  arms) 

f) Fabrica  Militar  de  Municiones,  San 
Francisco,  Cordoba  (Ammo  for  small  arms) 

g) Fabrica  Militar,  Rio  Tercero,  Cordoba 
(Artillery  ammo) 

h) Fabrica  Militar  de  Armas  Portatiles, 

Rosario,  Santa  Fe  (Pistols,  rifles  and 
machine  guns) 

B.  Privately  Owned  Plants 

1) DESA,  Sierras  Bayas,  Pcia  Bs  Aires  (NG, 
RDX  & dynamites) 

2) Delbene  y Serris,  Olavarna,  Pcia  Bs  Aires 
(Black  powder  & chlorate  expls) 

3) FADEX,  San  Vicente,  Pcia  Bs  Aires  (NG 
& dynamites) 

4) FAP0Lt  Tandil,  Pcia  Bs  Aires  (Black 
powder) 

5) FOTl,  Rafaela,  Santa  Fe  (Black  powder) 

6) LG-PCM,  Haedo,  Pcia  Bs  Aires  (Various 
pyrotechnic  compns  & items) 

7 ) COASA,  Florencio  Varela,  Pcia  Bs  Aires 
(MF,  LSt  and  ammo  for  pistols,  rifles  & 
shotguns) 

8) Scorzatto  linos  y Cia,  Luja'n,  Pcia  Bs  Aires 
(Ammo  for  shotguns) 

9) Spreafico  SAIC,  Florencio  Varela,  Pcia 
Bs  Aires  (MF,  detonators  for  hand  grenades, 
signal  cartridges  and  ammo  for  shotguns) 

10) La  Bengala,  Moreno,  Pcia  Bs  Aires 
(Pyrotechnic  items) 

11) lmaz  y Ryser,  Miramar,  Cordoba  (MF, 
initiating  compns  and  percussion  caps) 

12) Armotor  SA,  Bs  Aires  (Pistols) 

13) Belenda , Scapusio  y Cia,  SRL  (Machine 
guns  7.65  & 12.7  mm,  hand  grenades  and 
pyrotechnic  pistols) 

14) CATl-TA , Bs  Aires  (Shells  for  120  & 150mm 
cannons) 


13)Dillon  Ernesto  Pablo,  San  Martin,  Pcia 
Bs  Aires  (Revolvers) 

16) DeBoer  y Barbieri  SRL,  Bs  Aires  (Shot- 
guns) 

17) Establecimento  '* Klockner ” SA/C,  Bs 
Aires  (Rifles,  rocket  launchers  and  shell 
bodies) 

18) Establecimento  Metalurgico  f,Guerrino 
V enturini San  Isidro,  Pcia  Bs  Aires 
(Revolvers) 

19) Fabrica  de  Armas  "Centauro” , Lanus, 

Pcia  Bs  Aires  (Automatic  carbines  and 
compressed  air  rifles  & pistols) 

20) Fabrica  de  Armas  "Mabely” , Lanus,  Bs 
Aires  (Same  as  above) 

21) Fabrica  de  Armas  ”Halcon” , SRL, 
Avellaneda,  Pcia  Bs  Aires  (Machine  pistols, 
automatic  rifles  & carbins  and  shotguns) 

22) FADA,  Chascomus,  Pcia  Bs  Aires 
(Shotguns) 

23) FAPESA,  Bs  Aires  (Fuzes) 

24) Garb  Monetti  y Cia,  Mar  del  Plata,  Pcia 
Bs  Aires  (Automatic  pistols) 

23)GUK  Metal  SRL,  Haedo,  Pcia  Bs  Aires 
(Signal  pistols  and  launching  equipment) 

26) HAFDASA,  Bs  Aires  (Carbines,  pistols 
and  automatic  pistols) 

27) Infantino  Hnos  y Cia,  San  Antonio  de 
Padua,  Pcia  Bs  Aires  (Pistols) 

28) lndurgica  Argentina  SRL,  Ramos  Mejia, 
Pcia  Bs  Aires  (AA  gun  carriages  and  gun 
sights) 

29) lndustrias  *' Marcati” , Avellaneda,  Pcia 
Bs  Aires  (Compressed  air  and  automatic 
rifles) 

30) Krahmer,  Pfeffer  y Cia,  Bs  Aires  (Com- 
pressed air  rifles  and  Cal  .22  pistols) 

31) Lambda  SRL,  Bs  Aires  (Semi-automatic 
carbines) 

32) Luan,  Comercial  e Industrial,  Bs  Aires 
(Machine  pistols  and  pistols  Cal  .22) 

33) Martin  Bass  y Cia , Bs  Aires  (Pistols) 

34) Metalurgica  Industrial  Argentina , Bs  Aires 
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(Carbines  & pistols  syst  Mauser  and  shot- 
guns) 

35) Metalurgica  "Jaguar”  SRL,  Bs  Aires 
(Rifles  and  shotguns) 

36) OTME  SRL,  Cordoba  (Machine  pistols, 
semi-automatic  carbines,  shotguns  and 
other  items) 

37) Pasper  SRL,  Avellaneda,  Pcia  Bs  Aires 
(Shotguns  and  compressed  air  rifles) 

38) Saboy  e Hijo,  Alfredo  V.,  Lanus,  Pcia 
Bs  Aires  (Rifles) 

39) Silva  Antonio  Maria,  Bs  Aires  (Pistols) 

40) Sole  Nelson  G,,  San  Francisco,  Cordoba 
(Shotguns) 

4DTALA  SRL,  Bs  Aires  (Pistols) 

42)Televel  5A,  Bs  Aires  (Shotguns) 

Abbreviations:  Bs  Aires  — Buenos  Aires; 
CAT1-TA  - Compama  Argentina  de  Talleres 
Industrial es,  Transposes  y Annexos;  Cia  — 
Corapama;  CO  ASA  — Cartucheria  Orbea 
Argentina  Sociedad  Anonima;  DESA  — 

Dieterle  Explosivos  Sociedad  Anonima; 

FADA  — Fabrica  Argentina  de  Armas;  FADEX- 
Fabrica  Argentina  de  Explosivos;  FAPESA  - 
Fabrica  Argentina  de  Productos  Electricos 
Sociedad  Anonima;  FAPOL  — Fabrica 
Argentina  de  Polvoras;  FOTI  — trade  name 
for  Manufactura  Argentina  de  Polvoras; 
HAFDASA  - Hispano  Argentina  Fabrica  de 
Armas  Sociedad  Anonima;  Hnos  — Hermanos 
(Brothers);  LG-PCM  - Laboratories  Giorgi  — 
Pirotecnia  Civil  y Militar;  OTMESRL  — 
Organizacidn  Tecnica  de  Me'canica  Especial- 
izada  Sociedad  de  Responsabilidad  Limitada; 
Pcia  — Provincia;  SA  — Sociedad  Anonima; 
SAIC  — Sociedad  Anonima  Industrial  y 
Comercial;  SRL  — Sociedad  de  Responsabilidad 
Limitada;  TALA  — Talleres  de  Armas 
Livianas  Argentinas 

Ref:  Capitan  de  Navio  Adolfo  E.  Lopez, 

IngEsp  (RE),  Director  de  Industrias  Quimicas, 
Buenos  Aires,  RA;  private  communications 
15  July  1959,  4 Sept  1959  and  1 Oct  1959 

Argo  I (Argal  or  Argil).  A grayish  or  reddish 


crust  deposited  in  wine  casks  during 
fermentation  of  grape  juice.  It  consists  of 
ca  70%  potassium  hydrogen  tartrate  and  was 
used  during  WWI  by  the  French  as  a flash 
reducing  agent.  It  was  packed  in  flat,  cir- 
cular cotton  bags  ( sachets  antilueurs),  which 
were  assembled  along  with  the  smokeless 
propellant  and  black  powder  igniter  in  silk 
cartridge  bags  to  make  up  a complete  pro- 
pellant charge.  Since  the  antiflash  material 
tended  to  reduce  the  ballistic  effect  of  the 
chge,  it  was  necessary  to  add  an  additional 
quantity  ( appoint ) of  smokeless  propellant. 
Thus,  for  ordinary  firing  of  the  155  mm  gun, 
the  chge  consisted  of  10  kg  of  poudre  BM7 
along  with  an  igniter  system  contg  a total  of 
115  g of  black  powder.  For  a flashless  round, 
3 bags  each  contg  500  g of  argol  were  used 
with  an  additional  305  g of  smokeless  pro- 
pellant to  restore  the  ballistics  to  normal 

Refs:  1)D avis  (1943),  325-6  2)Hackh(  1944), 
73 

Argonit.  A plastic  HE  manufd  at  Dottikon, 
Switzerland:  PETN  70-80  & liq  waste  TNT 
30-20% 

Ref : Dr  A.  Stettbacher,  Zurich;  private 
communication,  23  Aug  1958 

Argus.  A type  of  older  Brit  blasting  powder: 
K nitrate  87-82,  charcoal  17-20  & sulfur 
0.5-1% 

Ref:  Daniel  (1902),  30 

Arkite.  An  older  Brit  “permitted”1  expl, 
similar  to  duxite:  NG  31-3,  CC  0.5-1,  K 
nitrate  26-8,  WM  8-10,  & Amm  oxalate  29- 
31%.  An  expin  of  arkite  during  its  manuf  is 
described  in  Ref  1 

Refs : l)A.P.Desborough,  HMInspExplos 

SpecRept  193  (1910)  & CA  4,  2879(1910) 
2)Marshall  1 (1917),  374  3)Barnett(  1919), 
136 

Arlberg  Dynamite.  An  older  dynamite  prepd 
by  mixing  65  parts  of  NG  with  35  ps  of 
absorbent,  a mixt  of  kieselguhr,  Ba  nitrate 
& charcoal 
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Ref:  CundiU,  MP  5,  288(1892) 

Arma  (Ital).  Arm  or  weapon 

Arma  bianca  (Baionetta)  (Ital),  White  arm 
(bayonet) 

Armada  (Span).  Fleet,  Navy 
Arma  da  fuoco  (Ital).  Firearm;  gun 

Armament  is  the  aggregate  of  a nation’s 
military  strength,  which  includes  all  the 
items  used  by  the  Army,  Navy  and  Air  Force 
(ships,  aircraft  weapons,  ammunition,  expls, 
tanks,  transportation,  etc),  as  well  as  the 
personnel  to  man  them.  It  also  includes  all 
military  installations  (fortifications,  barracks, 
ammo  magazines,  etc)  and  all  industries 
working  for  war  purposes 

Ref:  Webster’s  Unabbridged  Dictionary(195 1), 
149 

Note:  In  connection  with  armored  vehicles 
such  as  tanks,  the  word  armament  indicates 
the  protective  plate  (see  also  Armor) 

Ref:  A. B. Schilling,  Pic  Arsn;  private 
communication  (I960) 

Armament  Engineering.  This  subject  is 
discussed  in  the  following  book: 

Anon,  “Elements  of  Armament  Engineering”, 
US  Military  Academy,  West  Point,  NY  (1954) 
(722  pp)  (It  contains  the  following  parts:  a) 
military  expls,  b)fundamentals  of  ballistics, 
c)ammunition  and  weapons,  including  atomic 
weapons  & guided  missiles  and  d)a  brief 
glossary  of  armament  engineering  terms) 

Armament  Research  Establishment  (ARE) 

is  a Brit  military  institution  located  at 
Halstead,  Kent,  England 

Armament  Research  Establishment,  Canada 
(AREC)  is  located  at  Valcartier,  Quebec 

Armament  Research  Establishment,  Royal 
Arsenal  (ARERA)  is  located  at  Woolwich, 
England 

(See  also  Woolwich  Research  Department) 
Armamento  (Ital  & Span).  Arming 
Arme  (Fr).  Arm;  rifle 


Arme  (Fr).  Cocked;  armed 

Arme  a chargement  par  la  cuiasse  (Fr).  Breech* 
loading  weapon 

Armed  Forces  (Wehrmacht  in  Ger;  Armee,  in 
Fr).  This  term  includes  in  the  US:  Army, 

Navy  & Air  Forces;  in  Germany  Heere, 
Kriegsmarine  & Luftwaffe  and  in  France: 

Armee  de  Terre,  Arme^  de  Mer  and  Armee  de 
l’Air 

Armee  (Fr).  Armed  Forces;  Army 

Armee  de  I * Air  (Fr).  Air  Force 

Arme'e  de  Mer  (Fr).  Navy;  Fleet  (lit  Sea 
Force) 

Armee  de  Teree  (Fr).  Army  (lit  Land  Force) 

Armee  Mecanique  (Fr).  Tank  Corps  (lit 
Mechanized  Army) 

Arme  a feu  (Fr).  Firearm 

Arme  a feu  automatique  (Fr).  Automatic 
firearm 

Arme  portative  (Fr).  Small  Arm  (lit  portable 
arm) 

Armeria  (Ital).  Armory 

Arming.  This  term  applies  to  fitting  or 
equipping  an  item  to  be  ready  for  action.  Ar- 
ming corresponds  in  a rough  way  to  cocking 
in  a small  arm.  A fuze  may  be  armed  (set  for 
detonation)  by  utilizing  forces  exerted  within 
or  outside  the  gun.  Various  methods  of  fuze 
and  booster  arming  are  described  by  Ohart 
(1946),  127  & 166 

Armor  is  a covering  intended  to  protect  a 
person,  ship,  tank,  aircraft  combat  vehicle, 
etc  from  the  destructive  effects  of  various 
types  of  missiles.  For  individual  protection 
of  a person  a flexible  fabric  of  interlinked 
metal  rings  (called  mail)  is  commonly  used. 

For  protection  of  other  items,  the  most 
common  material  is  steel,  but  research  in- 
dicates the  possibility  of  aluminum^itanium 
and  even  of  some  non-metallic  material 
A comprehensive  description  of  various 
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types  of  armor  is  given  in  Refs  1,2,3)  es- 
pecially in  Ref  2 

Refs:  l)Encyclopedia  Britannia  2 (1952), 

392-4  2)Armament  Engineering  (1954),  227- 
49  (Armor  protection  against  ballistic  at- 
tacks) 3)Collier’s  Encyclopedia  2 (1957), 
259-68 

Armored  Car  (Military)  may  be  defined  as  a 
wheeled  motor- vehicle  (such  as  truck,  jeep, 
station  wagon),  protected  by  a light  armor 
and  provided  with  one  or  more  machine-guns, 
rocket  launchers,  hand  & rifle  grenades  and, 
in  some  cases,  with  light  guns  (such  as 
20  mm  or  37  mm).  The  first  armored  motor  . 
car  was  designed  in  1898  by  R.P. Davidson, 
Colonel  in  the  Illinois  National  Guard  (Ref 
5).  This  car  was  actually  semi-armored  (Ref 
1).  Soon  after  this,  armored  cars  were  built 
in  England  (the  Pennington)  and  in  France 
(the  Charron).  Italians  employed  a number 
of  armored  cars  in  their  campaigns  in  Africa 
(1913)  (Ref  5).  Russians  used  some  armored 
cars  (as  well  as  some  armored  trains)  in 
WWI,  Russian  Civil  War  (1918-21)  and  WWU. 
Some  idea  about  German  armored  cars  of 
WWII  may  be  obtained  from  Refs  4,6 & 7 
US  armored  cars  have  been  primarily 
employed  for  reconnaissance,  although  in 
some  cases,  they  were  used  against  tanks. 
Newman  (Ref  2)  gives  photographs  of  US 
armored  scout  car  with  A A machine-gun 
mounts  and  of  US  armored  half-track  scout 
cars.  Barnes  (Ref  3)  gives  photographs  of 
US  armored  car  M8  (used  during  WWII  in  all 
theaters)  and  of  US  armored  car  M38,  6 x 6 
Historical  development  of  armored  cars  is 
described  in  Refs  1 & 5 

Refs:  l)R.J.Icks  Army  Ordn  17,  331-3 

(1937)  (Four  Decades  of  Mechanization;  Our 
Record  of  Combat-Vehicle  Development)  2) 
J.R. Newman,  "The  Tools  of  War,"  Doubleday, 
Doran  & Co,  NY  (1943),  198-9  3)G.M. Barnes, 

"Weapons  of  World  War  II,"  Van  No  strand, 

NY  (1947),  286-7  4)G. B.Jarrett,  "Achtung 
Panzer, M Great  Oaks,  Aberdeen,  Md(1948) 
5)Encycl  Britannica  2 (1952),  388  6) 

D.F.  von  Senger  u Etterlin,  "Taschenbuch 


der  Panzer,"  Lehmann,  Miinchen  (1954)  7) 

B.T.Fedoroff  et  al,  PATR  2510  (1958),  123-6 

Armored  Ships.  The  necessity  of  protecting 
ships  by  some  kind  of  armor  was  realized 
after  the  introduction  of  HE  shells  in  sea 
warfare  (ca  1849),  and  introduction  of  AP 
shells  at  a later  date.  The  first  ship  pro- 
tected by  armor  was  "La  Gloire”  the  French 
wooden  ship,  dressed  in  1859  in  iron  plates. 
Two  years  later,  the  British  launched  the 
9000-ton  Warrior  with  AlA"  thick  iron  plates 
all  around  and  6 ft  below  the  waterline 

The  advantage  of  armor  was  shown  during 
the  American  Civil  War  in  the  battle  (1862) 
between  Merrimac  (South)  and  Monitor  (North). 
Both  ships  withstood  numerous  hits  by  HE 
shells  and  were  not  incapacitated 

From  that  time  on,  the  warships  of  all 
nations  were  protected  by  armor.  A more 
perfect  protection  against  artillery  was 
achieved  in  the  20th  century  when  the  con- 
struction of  wooden  ships  was  abandoned  in 
favor  of  steel  ships 

Ref:  J.R.Newman,  "The  Tools  of  War," 
Doubleday,  Doran  & Co,  NY  (1943),  204-67 

Armored  Train  is  one  in  which  locomotive 
and  cars  are  protected  by  a light  armor 
capable  of  withstanding  the  impact  of  bullets. 
Such  trains  can  carry  artillery  (artillery 
train)  or  troops  provided  with  weapons,  such 
as  small  arms,  rockets,  etc.  In  case  of  cars 
carrying  artillery,  each  gun  can  be  provided 
with  a shield 

Before  the  appearance  of  motor  cars  and 
construction  of  good  highways,  armored 
trains  were  considered  very  useful.  They 
were  employed  successfully  in  American 
Civil  War  (1861-5),  Franco-Prussian  War 
(1870-1)  and  South-African  War  (1899-1900) 
(Ref  1).  In  Russia,  where  the  roads  are  gen- 
erally in  a poor  condition,  armored  trains 
were  used  in  WWI  and  in  Russian  Civil  War 
(1918-20).  Some  of  the  Russian  "armored” 
trains  were  makeshift  affairs  consisting  of 
an  ordinary  locomotive  protected  by  sand- 
bags and  several  flat  cars  with  sandsbags 
laid  along  the  sides  (Ref  2) 

(See  also  Artillery  Train) 
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Refs:  l)EncycIopedia  Britannica  2 (1952), 

388  2)M.M.Kostevitch,  Buenos  Aires, 
Argentina;  private  communication  (1955) 

ARMOR-PIERCING  (AP>  PROJECTILE 

(Panzergeschoss,  in  Ger;  Projectile  perforant 
in  Fr;  Proietto  perforante,  in  leal;  Proyectil 
perforante,  in  Span;  Broneprobivayoushchii 
snariad,  in  Rus).  AP  projectiles  are  designed 
to  penetrate  the  armor  plate  of  ships,  tanks, 
etc  and  may  be  divided  into  the  following 
types: 

A) A  solid  projectile  contg  no  explosive,  such 
as  AP  Bullet,  which  usually  contains  a core 
of  hardened  steel,  a gilding  metal  jacket  and 
a base  (Ref  5,  p 185;  Ref  6,  p 76  & Ref  12, 

p 76)  and  AP  Shot,  called  in  Ger  Panzer - 
granate,  which  usually  consists  of  a solid 
steel  cylindrical  block  pointed  at  the  nose, 
provided  with  a rotating  band  and  tracer.  AP 
shots  are  used  now  mostly  for  target  practice 
and  are  provided  with  tracers  (Ref  6,  pp  108-9; 
Ref  10,  p 8 & Ref  14) 

There  is  also  the  so-called  HVAP  (hyper- 
veiocity  armor-piercing)  shot  which  consists 
of  a tungsten  carbide  core  surrounded  by  a 
steel  body  and  provided  with  a cone-shaped 
steel  nose  and  a pointed  windshield  (See 
below)  (Ref  6,  pp  108  & 111;  Ref  10,  p 8) 

B) A  hollow  projectile  (shell)  contg  a HE 
charge  and  a base-detonating  fuze  Eire  de- 
signed to  penetrate  the  armor  (or  concrete) 
without  exploding  until  they  are  inside  the 
target.  They  are  usually  made  of  high- carbon, 
heat-treated  alloy  steel  (in  contrast  with  the 
common  forged  steel  of  the  HE  shell)  and  are 
fashioned  with  an  extremely  hard  nose  and  a 
relatively  soft,  tough  body  with  thick  walls, 
especially  in  the  forward  section 

AP  shell  intended  to  penetrate  face- 
hardened  armor  is  usually  provided  with  a 
slightly  blunted  nose  which  is  fitted  with  a 
cone-shaped  cap  made  of  soft  and  tough 
forged  alloy  steel,  face  hardened.  Such  shell 
is  called  APC  (armor-piercing  capped).  The 
cap  of  this  shell  is  fitted  with  a conical  cup, 
called  windshield  or  ballistic  cap,  (also 
called  false  ogive)  the  purpose  of  which  is 


to  improve  streamlining  of  projectile  as  it 
speeds  toward  the  target.  Windshield,  usu- 
ally made  of  thin  Al,  shatters  on  impact  with 
armor,  leaving  the  projectile  with  only  its 
steel  capped  nose.  The  tough  steel  nose 
strikes  into  the  armor  and  weakens  it.  The 
projectile  then  starts  to  penetrate  the  softened- 
up  armor  spot,  while  the  nose  cap  breaks 
away  from  the  remaining  part  of  the  projectile. 
This  remaining  portion  then  penetrates  the 
armor  and  explodes  inside  the  target  by  the 
action  of  base  fuze  (Ref  6,  p 107-9) 

It  is  important  that  the  HE  charge  be  so 
insensitive  that  it  will  not  be  exploded  by 
the  tremendous  shock  caused  by  the  impact 
of  the  shell  on  the  armor.  However,  it  must 
be  sensitive  enough  to  be  detonated  by  the 
action  of  the  fuze.  Black  powder  fulfills  this 
condition  and  was  used  until  the  end  of  the 
last  century.  It  was  replaced  later  in  some 
countries  by  some  AN  expls,  such  as 
ammonals.  These  expls  were  more  powerful 
than -black  powder,  but  inferior  to  ammonium 
picrate  (Expl  D)  and  guanidine  picrate  (Gu  P) 
commonly  used  now 

An  interesting  AP  shell  was  patented 
during  WWI  by  Quartieri  & E.Molinari  (Ref  1). 

In  order  to  render  such  shell  insensitive  to 
shock,  the  forward  part  was  partly  filled  with 
HE  (such  as  TNT  or  PA)  desensitized  by 
l to  10%  camphor  or  paraffin.  This  served 
as  a cushion  to  take  up  the  stress  of  im- 
pact. A thin  felt  was  placed  over  the  chge 
and  the  middle  and  base  part  of  the  shells 
were  filled  with  a straight  HE,  such  as  TNT. 
Then  the  booster  and  the  base  fuze  were  in- 
serted. A schematic  view  of  such  shell  is 
given  in  CA  10,  694(1916) 

An  ingenious  complex  filling  for  AP  and 
A/C  shells  was  used  by  the  German  during 
WWH.  It  had  in  the  forward  section  an  in- 
sensitive charge  (KC1,  followed  by  KCl/wax/ 
TNT),  in  the  middle  section  a moderately 
sensitive  chge  of  TNT/ wax  in  different 
proportions  and  in  the  base  section  a fairly 
sensitive  chge  of  straight  TNT  (Ref  12,  p 
Ger  48) 

Because  of  the  thickness  of  the  projectile 
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walls,  the  bursting  chge  of  AP  and  APC 
projectiles  is  comparatively  small,  repre- 
senting only  5 to  25%  of  the  total  wt  of  the 
shell 

The  so-called  API  (armor-piercing  in- 
cendiary) projectile  contains  an  incendiary 
mixture  and  the  APJ-T  (armor-piercing  in- 
cendiary tracer)  is  similar,  to  API  but  has  a 
tracer  in  the  rear  of  the  bullet  (Ref  6,  p 65) 

Various  AP  and  SAP  (semi  armor-piercing) 
bombs  are  described  by  Ohart  (Ref  6,  pp 
232-4) 

C)A  projectile  designed  to  utilize  the  prin- 
ciple of  the  Munroe-Neumann  Effect  (qv)  is 
called  Shaped  Charge  Projectile  (5CP)  or 
Hollow  Charge  Projectile.  They  are  similar 
in  appearance  to  conventional  projectiles, 
except  that  the  forward  part  of  the  bursting 
chge  is  cast  with  an  indentation  in  the 
shape  of  a cone.  The  cone  surface  is  usually 
provided  with  a metallic  line r which  in- 
creases the  penetrating  effect  (Ref  6,  pp  41- 
3).  These  projectiles  function  immediately 
on  impact  with  armor  or  concrete,  making  a 
relatively  small  hole  through  it  and  hurling 
hot  fragments  at  a very  high  velocity  inside 
the  target.  These  fragments  are  very  effec- 
tive as  A/P  (antipersound)  missiles  especially 
in  small  enclosures,  such  as  the  interior  of 
tanks,  pill-boxes,  etc.  In  addition  to  the 
damage  caused  by  the  flying  fragments,  a 
greater  damage  is  probably  caused  by  the 
blast  effect  of  the  chge  and  by  the  high  tem- 
perature (ca  2000°C)  and  suffocating  effect 
of  the  gases  developed  on  expin.  Combinations 
of  these  effects  are  usually  100%  fatal  whereas 
the  fragments  alone  are  not 

These  projectiles  are  filled  with  cast  HE, 
such  as  cyclotol,  pentolite,  TNT  and  are 
provided  with  a base  fuze  and  a cap  designed 
to  provide  the  necessary  stand-off  required 
for  proper  formation  of  the  jet 

As  most  of  the  US  recent  shaped  charge 
projectiles  are  classified,  the  reference  here 
is  made  to  unclassified  WWU  items  described 
by  Ohart  (Ref  6),  such  as:  bombs  (p  240), 

HEAT  (high-explosive  antitank)  shells  (pp 


108,  110,  112  & 138),  HEAT  rockets  such 
as  4.5-in  (p  347).  A greater  variety  of  shaped 
charge  ammunition  was  used  during  WW  II 
by  the  Germans,  as  can  be  seen  from  the 
following  examples:  Faustpatrone  (shaped 
charge  A/T  rocket)  (p  46);  75  mm  SC  shells 
(pp  74  & 76);  88  mm,  100  mm  & 105  mm  SC 
shells  (p  77);  Hafthohlladung  (adhering 
shaped  charge)  used  for  destroying  tanks 
(p  85);  shaped  charge  handgrenade  (p  86); 

P anzerhandmine  and  Haftmine  (shaped  charge 
adhering  mines)  used  for  destroying  tanks 
(p  87);  shaped  charge  bombs  DS  (p  92); 

105  mm  & 75  mm  SC  projectiles  (p  92); 
Panzerfaust  & Panzergranate  (shaped  charge 
A/T  rocket  grenades)  (p  126);  Panzerschreck 
(shaped  charge  A/T  rocket)  (p  127);  Panzer- 
wurfmine  (shaped  charge  A/T  hand  grenade) 

(p  127)  shaped  charge  pistol  grenades  (p 
133);  shaped  charge  rifle  grenades  (p  152); 
and  shaped  charge  rockets  (pp  161  & 168) 

Refs:  l)F.Quartieri  & E.Molinari,  BritP 

19547  (1914)  & CA  10,  694(1916)  (An  AP 
shell  insensitive  to  shock)  2)L.Gabeaud, 
MAF  14,  85-92(1935)  (Essai  sur  la  theorie 
de  la  perforation  des  blindages)  3)Ibid,  14, 
399-414(1935)  (Sur  la  loi  de  variation  de  la 
poussee  dynamique  dans  la  perforation  des 
blindages)  4)P.Regnault,  MAF  14,  379-97 
(1935)  (Note  sur  la  penetration  des  projectiles 
et  la  perforation  des  blindages)  5)Anon, 
"Ammunition  Inspection  Guide”,  War  Depart- 
ment Technical  Manual,  TM 9- 1904(1944), 
16,179 & 185  6)T.C. Ohart  "Elements  of 

Ammunition,"  Wiley,  NY  (1946)  (see  Index 
p 400)  7)F. Gleason,  Ordnance,  31,  368-9 

(1947)  (A  glossary  of  Ordnance  terms)  8) 
L.Gabeaud,  MAF  21,  97-112(1947)  (Sur  la 
perforation  des  blindages)  9)F. Primus,  MAF 
22,  971-80  (1948)  (Perforation  des  blindages) 
(Translated  from  Polish)  10)Anon,  "Artillery 
Ammunition,”  Dept  of  the  Army  Tech  Manual 
TM9- 1901(1950),  8 & 14  ll)Armament 
Engineering  (1954),  pp  199-225  (Defeat  of 
armor  and  concrete);  254(AP  bullets);  283  & 

286  (AP  & APC  shells);  285  (HEAT  shell); 

287  (HVAP  shot);  308  (3.5-in  HEAT  rocket, 


A 485 


M28);  343  (HEAT,  T41  rifle  grenade, 
Energa)  12)Anon,  Ammunition  General,  " 
TM9- 1900(1 956),  76  13)B.T.Fedoroff  et  al, 

* « a»\  oft»  j r\  f P*  vrvlrt  r A m munition  Ort/1 

^ 1V.L1V1I  Ml  y \J  1 VO)  -*****  WIV*1»A  k-w  li  WIIU 

Weapons”  (German  Section),  PATR  2510 
(1958)  14)A.B. Schilling,  PicArsn;  private 

communication  (I960) 


Armor  Testing.  The  purpose  of  testing  is  to 
det  the  effect  produced  on  armor  (such  as 
plates,  castings,  weldments,  etc)  on  impact 
of  various  projectiles,  such  as  HE,  AP, 
APC,  HEAT,  HVAT,  etc.  The  tests  are  de- 


(1950) 


Dicrnccinn  An  a ua  I liati  nn  nf  tjj  ^Id- 


cracking  tests  on  armor  steel  was  given  by 
S. Weiss  et  al,  Welding  J (NY),  35,  348s-56s 
(1956)  (20  refs)  & CA  50,  13705-6  (1956) 


Armour  Research  Foundation  (ARF),  of  the 

Illinois  Institute  of  Technology,  Chicago, 
Illinois,  is  an  organization  doing  work  on 
explosives,  propellants  and  related  items 
under  US  Govt  contracts.  Their  reports  are 
listed,  when  used  as  refs,  under  mdvdl  compels 

Armory.  This  term  usually  means  a Govern- 
ment establishment  where  arms  and  other 
military  items  are  stored  for  distribution  to 
troops.  Some  TJS  armories  (such  as  Spring- 
field  Armory,  Springfield  Mass)  are  also  en- 
gaged in  manuf  arms  and  other  items,  while 
others  serve  as  a drilling  place  for  troops 

Ref : Webster’s  Unabridged  Dictionary  (1951), 
151 


Arms.  See  under  Ammunition  and  Weapons 

Armstrong  Airbreaker  is  a blasting  device 
activated  by  compressed  air,  used  for  break- 
ing down  coal  in  fiery  mines.  For  its  de- 
scription see  J. Taylor  & P.F.Gay,  "British 
Coal  Mining,”  Newnes,  London  (1958),  13/ 
& 140-2 


Armstrong  Gun.  A rifled  gun,  constructed 

according  to  the  system  of  built-up,  wrought- 
: i : - i u..  c : - w r. 

HUH  uiutiam.?,  ill  v vintu  va  vjy  uu  " 

Armstrong  of  England 


Ref:  Webster’s  Unabridged  Dictionary 

(1951),  151 


Armstrong’s  Explosive  or  Mixture  is  a red 

solid  substance  prepd  by  blending  under  a 
volatile  liq  (such  as  ale  or  acet)  75  parts  of 
powdered  K chlorate  with  25  ps  of  red 
phosphorus  and  then  allowing  the  volatile 
liq  to  evaporate.  The  mixt  is  very  explosive 
and  sensitive.  Extreme  care  must  be  exer- 
cized in  handling  it,  because  it  may  deto- 
nate on  a slight  shock,touch  or  when  brought 
into  contact  with  a drop  of  coned  H3S04.  The 

•MIV»  * **  A*  1 nn  . I A A « 

UJiA.1  it>  Aiiunii  tut  v v\-i  *vv  y u ui ^ auu  n uao 


caused  many  mishaps 

Germans  used  this  mixt  for  loading  the  so- 
called  ” Hinterhaltsminen”  the  land  mines 
left  by  them  on  retreat 

Stettbacher  ealed  the  heat  generated  by. 
the  reaction:  5KC10S  + 6P(red)-*  3P2Os  + 

e if /*'i  _i  . _ t / 1 t l l /i. 

as  equal  to  i**a/  itcai/Kg 


Ref:  A.  Stettbacher,  Protar  10,  159-60  (1944) 


Army  (Heere  or  Armee,  in  Ger;  Armee  de  terre, 
in  Fr;  Esercito,  in  Ital;  Ejercito,  in  Span; 
Armiya,  in  Rus).  A large  organized  body  of 
men,  armed  for  war  and  designed  for  land 
service.  It  is  a part  of  the  Armed  Forces  (qv) 
According  to  the  definition  given  in  ORDP 
50-13,  p 84  (F.ef  4),  the  Department  of  the 
Army  (US)  is  charged  with  the  responsibility 
of  providing  support  for  national  and  inter- 
national policy  and  the  security  of  the  US 
by  planning,  directing,  and  reviewing  the 
military  and  civil  operations  of  the  Army 
Establishment,  to  include  the  organization, 

: i j — t .u „ 

Ll  UAIitllg  urau  C ^ Ul  4U14U  l Ul  CC  O VI  VIKW 

US  for  the  conduct  of  prompt  and  sustained 
combat  operations  on  land  in  accordance  with 
plans  for  national  security 


Refs:  l)Webster’s  Unabridged  Dictionary 

(1951),  115  2)Encyclopedia  Britannica  2 
(1952),  397-416  3)Collier’s  Encyclopedia 
2 (1957),  272-7  4)Ordnance  Pamphlet,  "Basic 
Training  Course  for  Training  Offices”  (1958) 


Army  Ordnance  Corps  (uS)  is  an  organization 
which  is  responsible  for  procurement,  storage 
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uim  Uiotuiyiiiuvii  \iV  Liit  j * Jfj  Jin 

Force,  Maxine  Corps,  National  Guard,  etc) 
of  small  arms,  automatic  weapons,  artillery, 
fire  control  equippment,  ammunition  & ex- 
plosives, bombs  & mines,  transport  & combat 
vehicles,  rockets  & guided  missiles,  tanks, 
and  other 


t i*>  to*o  i „ c A n i 

Kjy  UXIVll  h.yy\j  n wrao  Mivmi  QJ  < w m.y  wii4- 


nance  Department.  The  Dept  was  created  by 
an  Act  of  Congress,  14  May  1812.  Prior  to 
this,  in  colonial  days,  the  colonists  used 
ammunition  and  weapons  seized  from  the 
British  either  on  land  or  seas;  and  originally 
the  Quartermasters  Corps  handled  supply 
problems.  Some  muskets  were  produced  by 
locksmiths  imported  from  France  and  West 
Indies.  Colonial  government  storage  depots 
were  established,  but  no  provisions  were 
made  for  producing  new  weapons  until  1794 
when  Congress  authorized  the  establishment 
of  Springfield  Armory  (constructed  in  1794-5) 
and  Harper's  Ferry,  W Va,  (1796).  Springfield 
Armory  has  been  an  arms-making  center  for 
many  years  and  also  served  as  a mil  it  ary 


storehouse.  The  armory  at  Harper’s  Ferry 
was  destroyed  by  Federal  troops  early  in 
the  Civil  War  so  that  Confederate  troops  could 
not  use  it 

After  establishing  the  Army  Ordnance 
Department,  the  construction  of  several  arse- 
nals (qv)was  authorized  by  the  Congress.  For 
testing  of  weapons  and  ammunition,  the  so- 
called  Sandy  Hook  Proving  Oronnd^  Hsw  Y ork , 
was  established.  This  was  replaced  in  1917 
by  the  Aberdeen  Proving  Ground,  Maryland 

During  WWI  the  Ordnance  Dept  expanded 
until  it  had  on  payroll  6000  officers,  60000 
enlisted  men  and  73000  civilians.  After 
WWI  the  Dept  was  rapidly  demobilized  and 
munition  plants  and  machinery  were  con- 
verted to  peacetime  production.  The  Dept 
personnel,  both  irjilitstry  and  civilian,  was 
drastically  reduced  in  numbers.  It  average 
yearly  budget  was  reduced  to  ca  10  million 
dollars 

The  greatest  expansion  of  the  Dept  took 
place  just  prior  and  during  WW|I  when  an 
average  yearly  budget  was  boosted  to  ca 


I DiniOn  uonars.  lutai  or  ca  jh  Dimon 
dollars  was  assigned  to  the  Dept  during 

wwn 


After  WWU  the  activities  of  the  Dept  were 
greatly  reduced,  but  were  again  increased 
when  the  Korean  War  started  (1950).  At  this 
time  the  Army  Ordnance  Department  was 
renamed  the  Army  Ordnance  Corps 

Still  greater  expansion  of  Ordnance  Corps 
took  plsco  in  tho  1 s st  10  yesrs 


Refs:  i)Anon,  "Supervisor  Development 


P r/i/»r 
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NJ,  Sept  1953  (Revised),  21-4  2)A.B. 

Schilling,  PicArsn;  private  communication  (I960) 
Arnoudts'  Explosive.  A blasting  expl  contg 
K chlorate  60  & sugar  40%  with  added  tur- 
pentine 2,  vegetable  tar  2 & K permanganate 
.00125  parts 

Ref:  Ch.  Arnoudts  (of  Guatemala),  USP 

964,365  (1910)  & CA  4,  2733  (1910) 


ARO.  A cast  doubie-base  propeiiant  described 
in  conf  "Propellant  Manual,  SP I A/M2 

(1959),  Unit  No  433 

Aroclor.  Trade  name  for  a series  of  poly- 
chlorinated polyphenyls  manufd  by  the 
Monsanto  Chem  Co  of  St  Louis  as  liquids, 
resins  or  solids.  The  use  of  one  of  the 
Aroclors  as  an  ingredient  of  propellants 
contg  no  NC  is  discussed  in  Ref  1.  Other 
uses  of  Aroclors  are  listed  in  Ref  2 
Following  are  some  examples  of  pro- 


pellants  listed 

in  Ref  1: 

1 

2 

3 

Amm  picrate 

54.6 

71.6 

38.5 

K nitrate 

36.4 

17.9 

31.5 

Et  cellulose 

3.6 

6.0 

5.0 

A 1 1 TC  A 

l UULiUf  JL  jL  J~t 

* A 
J •** 

A n 
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Ca  stearate 

- 

0.5 

- 

Zn  stearate 

- 

- 

Re/’s;  1)W.E. Campbell  et  al,  Aerojet  En- 
^ a to/t 


199  (1946)  2)Cond  Chem  Diet  (1956),  109 


Aromatic'Ajipnaiic  Nitrocompounds  and 
Nitrate  Esters.  Title  of  OSRD  Report  No 
176,  Nov  1941,  by  L.F.  Ficser 

Aromatic  Aikyiamino  Alcohols.  Their  nitration 
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in  two  stages,  first  with  36%  and  then  with 
99%  nitric  acid,  both  nitrations  in  the  cold, 
is  described  by  J.Barbiere,  BullFr  7,  621-6 
(1940)  & CA  36,  1913  (1942) 

Aromatic  Compounds  are  substances  char- 
acterized by  benzene-type  structures  (ring 
or  cyclic),  and  in  many  cases  having  pleasant 
odors.  The  compounds  which  are  of  interest 
in  ordnance  are  described  in  this  work  in- 
dividually, such  as  benzene,  phenol, 
toluene,  etc 

For  more  info  on  this  subject  see  text- 
books on  organic  chemistry  (such  as  Karrer’s, 
Fieser  & Fieser’s,  etc)  and  also  Kirk  & 

Othmer  2 (1948),  109-12 

Aromatic  Compounds,  Nitration.  See  under 
Nitration 

Aromatic  Diazo  Compounds  and  Their  Tech- 
nical Application.  Title  of  the  book  by  K.H. 
Saunders,  Arnold,  London  (1949) 

Aromatic  Hydrocarbons,  Detection  in  Aqueous 
Solutions.  Presence  of  small  amts  of  aromatic 
hydrocarbons  in  water  (1  to  500  ppm)  may  be 
detected  by  means  of  form  aldehyde- sulfuric 
acid  reagent  as  described  by  H.E. Morris  et 

al,  IEC,  AnalEd  18,  294-5(1 946) 

Aromatic,  Nitrated  Derivatives.  Aromatic 
nitrocompounds  are  ring  type  substances,  which 
contain  one  or  more  N02  groups  attached  to 
carbons  (such  as  nitrobenzene,  trinitrotoluene, 
etc).  Aromatic  nitroamino  compds  or  C- 
nitroamino  compds  are  those  contg  N0a  groups 
attached  to  carbons  (as  2,4,6-trinitroaniline) 
and  should  not  be  confused  with  nitramino 
compds  which  are  N-nitroamino  derivs  and 
which  have  the  N02  group  attached  to  the 
amino  nitrogen  to  give  an  NH-N02  group. 

If  the  N02  group  replaces  a H atom  of  an 
imino  group,  :NH,  to  give  :N.N02,  the  deriv 
is  called  a nitrimino  compd,  but  if  the  :N.N02 
is  not  attached  through  the  double  bond  but 
joins  two  other  groups  through  single  bonds 
[as  in  •CH2-N(NOJ)-CH2-]>  the  compd  is  still 
called  nitramino-,  as  in  cyclotrimethylene- 
trinitramine.  Nitronitramino  compds  have 


N02  groups  attached  to  both  the  carbon 
and  nitrogen  of  an  amino  compd,  as  in  2,4,6- 
trinitrophenyimethylnitramine 

Throughout  this  work  care  has  been  taken 
to  differentiate  clearly  between  nitroamines, 
nitramines,  nitronitramimines  and  nitrimines. 
In  the  literature,  especially  in  Brit,  this 
differentation  is  not  always  made 

In  aromatic  compds  contg  aliphatic  alco- 
holic groups,  such  as  anilinoethanol,  benzyl 
alcohol,  etc,  the  N02  group  can  be  intro- 
duced into  both  the  aromatic  and  aliphatic 
portions  of  the  molecule  as  in  N,  2,4,6- 
tetranitroanilinoethanol  nitrate,  (02N)3C6H2- 
N(N02)-CH2-CH2-0N02.  In  this  compd  the 
NOj  group  replaces  the  H of  the  aliphatic 
OH  group.  The  resulting  0N02  group  is 
called  a nitrate  or  an  oxynitro  derivative. 

The  term  nitrate  is  also  used  when  HNOj 
combines  directly  with  an  organic  molecule 
without  replacing  any  H,  as  in  aniline  nitrate 
Many  nitrated  aromatic  and  aromatic- 
aliphatic  derivs  have  been  prepd  and 
theoretically  many  more  can  be  prepd.  Numer- 
ous compds  of  these  types,  already  prepd 
are  expl,  but  relatively  few  possess  a com- 
bination of  props  which  make  them  acceptable 
for  use  as  military  or  industrial  expls 
The  individual  nitrated  compds  are  de- 
scribed in  this  work  under  what  may  be  con- 
sidered their  parent  compds;  eg  TNT  under 
toluene,  PA  (2,4,6-trinitrophenol)  under 
phenol,  etc 

Aromatic,  Nitrited  Derivatives.  These 
derivs  are  similar  to  nitrated  derivs  except 
that  they  contain  nitroso-  groups,  *NO,  in 
lieu  of  nitro  groups.  If  the  NO  group  is  at- 
tached directly  to  C,  the  deriv  is  called 
nitroso - and  if  to  the  nitrogen  of  an  amino 
group,  the  deriv  is  called  nitrosamino -.  There 
are  also  nitronitroso-,  nitronitros amino-  and 
nilrosonitroamino-  derivs 

Many  of  these  compds  are  known  but  only 
few  of  them  are  explosives  suitable  for 
military  or  industrial  purposes.  They  are 
described  in  this  work  under  their  parent 
compds;  eg  2,4  dinitrosoresorcinol  under 
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resorcinol , trinitrodinitroso-/3-naphthol 
under  naphthol,  etc 

Aromatic  Peracids.  See  under  Peroxides, 
Organic,  with  the  Structure  RC(:0)00H 

Aromatic  Silanes.  See  under  Silanes 

Aromatic  Substitution-Nitration  and  Halo- 
genation.  Title  of  a book  by  P.B.D.  DeLaMare 
& J.H.Ridd,  Academic  Press,  NY(1959) 

Aromatic  Triazenes.  Compds  of  general 
formula  Ar.  NH*N:N*Ar  were  investigated  by 
Campbell  in  regard  to  their  reactions  with 
nitric  oxide.  Some  of  the  compds  prepd  by 
him  proved  to  be  expl 

Eg:  When  1,3-di-p-tolyltriazene, 
HsC.C6H4-NH-N:N«CaH4-CHJI  in  dry  toluene 
at  0°,  was  treated  with  NO  at  23°  and  758  mm 
pressure,  a solid  compd  was  obtained.  It 
was  filtered  off,  dissolved  in  anhyd  iso- 
propanol and  pptd  by  adding  ether  as  wh 
hygroscopic  ndls  which  exploded  when  struck 
with  a hammer  or  when  heated  to  ca  75°.  Its 
empirical  formula  was  reported  as  C^NijOj 
(which  corresponds  to  mw  165.15  and 
N25.45/S),  but  the  structure  was  not  detd 
Ref:  T.W. Campbell,  JACS  73  , 4019-20(1951) 

& CA  46  , 7573(1952) 

ARP.  A cast  double-base  propellant  described 
in  conf  ’"Propellant  Manual, SPIA/M2 
(1959),  Unit  No  434 

Arquebus  or  Harquebus  was  the  first  practi- 
cal firearm  (invented  in  15th  century).  It  had 
a bent  stock  and  the  touchhole  was  at  the 
side  of  the  barrel  with  a little  pan  for  priming. 
Its  range  was  400  to  500  paces.  Later  models 
were  equipped  with  matchlock  which  was 
also  used  in  the  early  musket  which  re- 
placed the  arquebus,  late  in  the  16th  century. 
But  before  the  replacement  took  place,  the 
caliber  of  the  arquebus  was  standardized  and 
the  resulting  weapon  was  called  in  England 
caliver  and  in  France  arquebus  de  calibre. 

Refs:  1)J.R. Newman,  ’"Tools  of  War  ", 

Doubleday  & Doran,  NY  (1943),  36  2)Webster’s 
Unabridged  Dictionary  (1951)  1141(under 
Harquebus) 

Arrested  Burning  of  Gun  Propellants.  A con- 
venient apparatus  for  recovery  partially 


burned  gun  propellant  grains  as  result  of 
arrested  burning  was  described  by  J.F. 

Kincaid  & B.P. Dailey  in  OSRD  Rept  1836 
(1943) 

Arrosage  des  poudres  (Fr).  Spraying  of  pro- 
pellants with  gelatinizers  or  phlegmatizers 
in  order  to  make  them  progressive-burning 
can  be  condusted  by  various  methods.  For 
example,  Fauveau  & Delpy  describe  a pro- 
cedure in  which  the  propellant  grains  were 
sprayed  with  an  alcoholic  soln  of  camphor 
and  central ite  using  a painter’s  spray-gun 

Ref:  J. Fauveau  & fcDelpy,  MP  31,  162(1949) 

Arrow  is  a slender  shaft  with  a pointed 
head  used  as  a missile  which  is  propelled 
by  releasing  the  tension  of  the  string  of  a 
long  bow.  A bow  consists  of  a strip  of  wood 
or  other  elastic  material  with  a tension  cord 
connecting  both  end.  The  bow  and  arrow 
constituted  one  of  the  earliest  weapons.  A 
later  development  of  the  long  bow  was  the 
crossbow,  also  known  as  arbalest  (qv). 
Eventually  both  were  replaced  by  firearms 

Ref:  Webster’s  Unabridged  Dictionary 

(195D,  154  & 318 

Arrow  Projectile  (Pfeilstabiles  Geschoss,  in 
Ger),  also  called  Needle  Shell  (Ref  5),  is  a 
slender,  very  long,  fin-stabili2ed,  projectile, 
fired  from  a smooth-bore  gun  at  supersonic 
velocity.  Its  development,  described  in  Refs 
1 & 4,  may  be  considered  as  one  of  the  out- 
standing Ger  achievements  of  WWII.  Some 
info  on  these  projectiles  is  given  in  Ref  3, 
pp  9-10 

It  seems  that  slender  projectiles  developed 
during  WWII  by  Dr  Otto  Gessner  of  Peenemiinde 
and  described  by  Domberger  (Ref  2,  pp  22-3) 
and  also  in  Ref  3,  p 69,  under  Gessner  Pro- 
jectile are  also  arrow  projectiles. 

The  so-called  Rdchling  Anticoncrete 
Projectile  (Rochlingsgranate  42,  Beton)  re- 
sembled in  appearance  the  arrow  projectile, 
except  that  instead  of  the  fin' assembly  of 
the  arrow  projectile  it  had  a discarding  flange 
serving  as  a driving  band.  It  was  manufd  by 
the  firm  Rdchling  at  Saarbriicken,Saar  (Ref  4, 
p 160  & Ref  6) 
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Refs:  l)H.Kurzweg,  ‘‘Die  grundsatzlichen 

aerodynamischen  Uncersuchungen  zur  Ent- 
wicklung  pfeilscabiler  Geschosse,"  Schriften 
der  Deutschen  Akademie  der  Luftfahrtforschung, 
Nr  1059/43(1943),  pp  33-71  2)W.Dornberger, 
"V-2,  " Viking,  NY  (1954)  3)B.T.Fedoroff 
et  al,  PATR  2510(1958),  9-10,  69  & 160  4) 
R.H.Riel,  "Arrow  Projectile  Development  in 
Germany,"  Aberdeen  Proving  Ground,  Md, 

April  1958  5)H.H. Bullock,  PicArsn  Museum; 
private  communition  (1958)  6)R.Lusar, 

"Die  deutschen  Waffen  und  Geheimwaffen 
des  2 Weltkrieges  und  ihre  Weiterentwicklung,” 
Lehmanns  Verlag,  Miinchen  (1958),  213  & 217 

Arrowroot  is  a starch  obtained  from  the  roots 
of  some  varieties  of  plants  belonging  to  the 
genus  Maranta.  It  is  a light  wh  powder, 
usually  imported  from  Bermuda  (Refs  2-4) 
According  to  MacDonald  (Ref  1),  an  ex- 
plosive similar  to  xyloidine  was  prepd  in 
1847  by  Gladstone  in  England  by  nitrating 
dry  arrowroot 

Refs:  1)G,W.  MacDonald,  "Historical  Papers 
on  Modern  Explosives,”  London  (1912),  36 
2)Thorpe  1 (1937),  468  3)Hackh’s(1944), 

75  4)CondChemDict  (1956),  110 

Arrowhead  Projectiles  (Needle  Point  Pro- 
jectiles) were  AP  projectiles  used  by  the 
Germans  during  WWH  against  the  tanks.  They 
consisted  of  a pointed  tungsten  carbide  core 
cemented  to  a steel  body  which  had  forward 
and  rearward  flanges,  a plastic  arrowhead 
shaped  head  covered  with  a sheet  steel  bal- 
listic cap  and  a tracer  assembly.  The  for- 
ward flange  acted  as  a rotating  band,  while 
the  rear  flange  acted  as  a bourrelet.  It 
could  be  fired  from  an  ordinary  gun.  The  wt 
of  an  arrowhead  projectile  was  about  half 
that  of  the  conventional  HEAP  projectile. 

More  info  is  given  in  Refs  1 & 2 
Refs:  l)Anon  "German  Explosive  Ordnance," 

Dept  of  the  Army  Tech  Manual  TM  9-1985-3” 
(1953),  373  & 376-7  2)B.T.Fedoroff  et  al, 
PATR  2510(1958),  p Ger  9 
Note:  According  to  Mr.  A, B. Schilling,  PicArsn, 
similar  projectiles  are  called  hypervelocity, 
armor-piercing  (HVAP) 


Arsaniltc  Acid.  See  Aminophenylarsonic  Acid 
ARS.  A cast  double-base  propellant  de- 
scribed in  conf  "Propellant  Manual", 

SPIA/M2  (1959),  Unit  No  435 
ARSENAL.  A US  Arsenal  is  a military  in- 
stallation of  the  Army  Ordnance  Corps  (qv), 
primarily  involved  with  the  development, 
manufacture,  loading,  storage  and  issue  of 
materiel  used  by  the  armed  forces  for  the 
conduct  of  war.  Arsenals  with  primary 
function  of  storage  are  usually  called  Depots 

As  it  is  mentioned  under  Army  Ordnance 
Corps,  the  oldest  US  military  installation, 
which  may  be  considered  as  a manufacturing 
arsenal,  is  Springfield  Armory,  Springfield, 
Mass,  established  in  1794-5.  The  first  US 
military  establishment  named  "Arsenal" 
was  the  Watervliet  Arsenal,  Watervliet,  NY. 

It  was  authorized  by  Congress  in  1812,  built 
in  1813,  but  known  as  "the  arsenal  near 
Troy"  or  Gibbonsville  Arsenal,  until  named 
Watervliet  in  1817.  Watertown  Arsenal, 
Watertown,  Mass  was  established  in  1816, 
but  it*s  history  dates  back  to  1800  when  an 
arsenal  was  created  at  Charlestown,  Mass. 
Frankford  Arsenal,  Philadelphia,  Pa  was 
authorized  by  Congress  in  1815,  constructed 
in  1816.  The  Augusta  Arsenal,  Georgia  was 
authorized  in  1816-17,  but  a new  site  was 
chosen  in  1827.  All  the  above  arsenals  were 
called  "manufacturing  arsenals,"  to  dis- 
tinguish them  from  "storage  and  repair 
arsenals,”  also  called  "depots." 

New  arsenals  were  established  as  the 
nation  grew  to  the  West,  particularly  during 
and  after  the  Mexican  War  (1846-8).  Two 
arsenals  (which  are  actually  depots)  which 
continued  to  the  present,  are  Benicia  Arsenal 
(Depot),  Benicia,  Calif  (established  in  1851) 
and  San  Antonio  Arsenal  (Depot),  Texas 
(1858) 

During  the  Civil  War,  Rock  Island  Arsenal 
was  established  in  1863  at  Rock  Island,  111 
to  supply  the  Union  troops  in  the  Mississippi 
Valley 

Although  Picatinny  Arsenal,  Dover,  NJ, 
was  established  in  1879-80  (as  a powder 
depot),  the  history  of  arms-making  at  Picatinny 
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goes  back  beyond  the  Revolution,  when 
cannon  balls  were  made  at  what  was  known 


as  Middle  Forge.  Its  present  name  "Pica- 
tinny  Arsenai”  dates  from  1907  when  the 
propellant  plant  was  built 

During  cHc  1 th 6 activities  of  3t sens! s 
were  greatly  expanded  and  a permanent 
storage  arsenal,  Raritan  Arsenal,  Metuchen, 
NJ  was  built  (1918).  In  1920  the  Ogden 
Arsenal  (for  storage  and  repair)  was  built 
Other  US  Arsenals,  include  in  alphabetical 
order:  Detroit  Arsenal,  Detroit,  Mich;  Edge- 
v.’cod  Arscnc  Maryland  (Army  Chemical 


Center),  near  Aberdeen;  Indiana  Arsenal 
(Ordnance  Works)  (Hoosier  Ordnance  Plant, 
Charlestown,  Ind;  Joliet  Arsenal  (Elmwood 
Ordnance  Plant  and  Kankakee  Ordnance 
Works),  Joliet,  III;  Lake  City  Arsenal, 
Independence,  Mo;  Radford  Arsenal  (Ord- 


(Depot),  Metuchen,  NJ;  Ravenna  Arsenal, 
Apco,  Ohio;  Redstone  Arsenal,  Huntsville, 
Alabama;  Red  River  Arsenal  (Depot),  Texar- 
kana, Tex;  Rocky  Mountain  Arsenal,  Denver, 
Colo  and  Schuylkill  Arsenal,  Philadelphia, 
Pa 


-ri " i»»  J t .l 
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Ordnance  establishments  of  the  US  Navy  or 
Air  Force 


Refs:  l)Anon,  "Supervisor  Development 

Program/’  PicArsn Training  Branch,  Dover, 
NJ,  Sept  1953  (Revised),  pp  21-4  2)Anon, 
"Organization,  History  and  Mission  of  Office, 
Chief  of  Ordnance  and  US  Ordnance  instal- 
lations and  Activities,”  Special  Text  ST 


Proving  Ground,  Md,  July  1955  3)Ibid,  ST 
9-184,  Dec  1955  4)Anon,  Ordnance  40,  69 
(1955)  5) Anon,  "US  Army  Installations/’ 

Dept  of  the  Army  Pamphlet,  PAM  210-1,  Nov 
1956  6)Map  of  the  Major  Army,  Navy,  and 
Air  Force  Installations  in  the  United  States/ 

iwcoin-;  a » nr/KKQ\ 
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7)A.B. Schilling,  PicArsn,  Dover,  NJ;  private 
communication  (I960) 


Arsenic.  As,  at  wt  74.91;  exists  in  three 
modifications  all  corresponding  to  the  for- 
mula As4,  mw  299.64.  The  most  common  form 
is  the  crystalline  or  a-form,  known  also  as 
metallic  arsenic.  Its  mp  is  814°  at  36  atm 
press  sublimation  point  615/  d 5 = 72^  at  RT 
(5. 6-5. 9 for  commercial  grade)  and  hardness 
3.5  Mohs.  Prepn  & props  are  given  in  Refs 
1-6;  toxicity,  fire  & expln  hazards  of  As 
dust  are  discussed  in  Ref  7.  Arsenic  is  used 
in  some  alloys  and  for  hardening  lead  shot 

US  military  requirements  for  As  metal  in- 
tended for  use  in  the  manuf  of  Mg  arsenide 
are  covered  by  spec  MIL-A-10852B 


Arsenic  compds  have  been  used  in  some 
pyrotechnic  compns  (see  Arsenic  Disulfide 
and  Arsenic  Trisulfide  described  under 
Sulfides)  and  as  chemical  warfare  agents 
(see  Arsenic  Tribromide  described  under 


under  Chloride  and  Arsine  and  Derivatives 
listed  under  Arsine) 


Refs:  l)Mellor  9 (1929),  1-48  2)Thorpe  1 

(1937),  468-72  3)Kirk  & Ochmer  2 (1948), 
113-38  4)GmeIin  Syst  Nr  17(1952),  1-194 
5)Ulimann  3 (1953),  828-35  6)CondChem 
Diet  (1956),  ill  7)Sax(1957),  315 


Arsenic  Azide.  See  under  Azides,  Inorganic 
Arsenic  Disulfide.  See  under  Sulfides 

Arsenic  Hydride  or  Hydrogen  Arsenide.  See 

Arsine  and  Derivatives 

Arsenic  Pentasulfide.  See  under  Sulfides 
Arsenic  Sulfides.  See  under  Sulfides 
Arsenic  Tribromide.  See  under  Bromides 
Arsenic  Trichloride.  See  under  Chlorides 
Arsenic  Trioxide.  See  under  Oxides 


Arsenic  Trisulfide.  See  under  Sulfides 


ARSENIDES  are  metallic  aerivs  of  arsenic. 
As  they  can  be  prepd  by  heating  of  some 
metals  with  arsenic,  they  may  be  called 
arsenic  alloys.  Ullmann  calls  them  Metall- 
Arsenide . A number  of  arsenides  occur  in 
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nature;  some  of  them  are  definite  compds, 
while  others  are  mixts.  The  compd  of  hydrogen 
and  arsenic,  hydrogen  arsenide  or  arsenic 
hydride  is  described  below  as  arsine 

Several  arsenides  are  described  in  Refs 


1,2, 4&5 


t ic  — : t : c:  — ; — mtt  \a  nn«;7A 
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covers  requirements  and  tests  for  technical 
grade  magnesium  arsenide* P urified  grade, 
MgjAs2  is  a chocolate* colored  solid,  mp  ca 
800°  & d 3.148  at  25°/4°.  It  can  be  prepd  by 
strongly  heating  (to  red  heat)  a mixt  of 
powdered  Mg  with  As  in  atm  of  hydrogen. 

QonrJ  m^y  k A ■ f*  Oldcf  tO 

slow  down  the  reaction  (Ref  1,  p 66;  Ref  3, 
p 413  & Ref  4.  p 122) 


ote:  Mg  arsenide  is  intended  for  use  in  the 
manuf  of  CWAV  arsine,  diphenylaminechloro* 
arsine,  and  diphenyl chloroarsine 


Refs:  l)Mellor  9 (1929),  61-90  2)Thorpe  1 

(1937),  472  3)Gmelin,  Syst  Mr  27(1938), 
413*14  (Magnesiumarsenid)  4)K.irk  & Othmer 
2 (1948),  122  5)UIlmann  3 (1953),  851 


ARSINE  AND  DERIVATIVES 
Arsine  (Hydrogen  Arsenide;  Arseniuretted 
Hydrogen;  Arsenic  Hydride  or  Trihydride) 
(Arsen wasserstoff  in  Ger),  Asij3t  raw  77.93; 
coi  gas;  with  offensive  odor  resembling  that 
of  garlic;  sp  gr  2.695  (Air  = 1.0);  fr  p - 113.5°; 
bp  —55°;  dec  ca  230^;  moderately  sol  in  w;  si 
sol  in  ale;  insol  in  eth.  It  decomposes  with 
heat  and  is  inflammable 

Arsine  is  a nerve  and  blood  poison  and  a 
concn  of  500  ppm  is  lethal  for  a man  after 
exposure  for  a few  minutes.  MAC  (max 
allowable  concn)  in  air  is  0.05  ppm  (Refs  4, 

5 & 9) 


It  can  be  prepd  by  the  action  of  H2S04  on 
metallic  zinc  mixed  with  arsenic  compds 
(Ref  8)  or  by  other  methods  (Refs  1-3  & 6 & 7) 
Detection  and  detn  of  arsine  in  air,  urine 

j: ] d a 
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Refs:  l)Mellor  9 (1929)  2)Thorpe  1 (1937), 

A ~n.  7 e,  0 /tc\Au\  tn  -> 
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Jacobs  (1949),  246-7  5)Elkins(1950),  66-7 
& 227  6)GmeIin  Syst  Nr  17(1952),  195-2  3 3 
7)Ullmann  3(1953),  851  8)CondChemDict 
(1956),  113  9)Sax(1957),  321 


Arsine  Derivatives, Organic.  Many  arsine 
derivs  were  proposed  as  CWA’s.  More  than 
60  of  such  derivs  are  listed  by  Wachtel 
(Ref,  pp  189-92).  The  most  known  of  these 
compds  is  Lewisite  or  Ml,  which  is  (3-cbloro - 

vinyldic bloroars ine , C1»CH:CH* AsCla,  first 
: ion  u..  n_  w t i : i 
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developed  as  a war  gas  by  the  US  Chemical 
Warfare  Service  (Ref,  pp  202-6).  Another  im- 
portant arsine  CWA  is  Adamsite  (Brit)  (des- 
ignated in  the  US  as  DM)  or  diphenylamine- 
chloroarsine 


ClAs 


\ 


'—61 14 


NH  (Ref,  p 206). 


Arsine  derivs  used  by  the  Germans  were  not 
as  effective  as  Lewisite.  They  included:  a) 
Dick,  US  designation  ED,  etbyldichloroarsine 


designation  DA)  biphenylchloroarsine, 
(QHS  )jAsCl  (Ref,  p 196)  and  Clark  II,  bi- 
phenylcyanoarsine,  (CfiHs  )2As‘CN  (Ref,  p 
199).  Another  Ger  arsine  deriv  was  phenyl- 
dibromoarsine,  C6HS  .AsBr2, 


Ref:  C.Wachtel,  "Chemical  Warfare,  ” 

ChemPubgCo,  Brooklyn  (1941),  184-206 


Arsol  One  of  the  names  for  cyclotrimethylene- 
trinitrosamine  (R-Salz,  in  Ger),  described 
in  this  work  under  Cyclotrimethylenetriamine 


ART.  A cast  double-base  propellant  de- 
scribed in  conf  "Propellant  Manual,’*  SPIA/ 
M2(  1959),  Unit  No  436 


Artifice  (Fr).  Pyrotechnic  device  or  compo- 
sition 

Artifices(Fr).  Fireworks 

Artifi  ces  a fumees  eolarees  (Fr).  Colored 


smoke  devices  used  for  signalling  during 
daytime 

Artifices  de  guerre (Pyrotechnie  militaire) 
(Fr).  Military  pyrotechnics 

J: /c_\  r >: 
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technic  devices 

Artifices  iumineux(Fr).  Illuminating  devices 
used  for  nighttime  signalling 
Artifices  produisant  un  sifflement(Fr). 
whistie-producing  devices,  designed  for 
signalling  by  sound.  They  were  usually  made 
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by  loading  long,  narrow  tubes  ca  10  mm  diam 
and  made  from  reed,  cardboard  or  plastic, 
with  a mixt  of  K picrace  87  & K nitrate  13% 

Ref:  Pepin  Lehalleur  (1935),  478 

Artifices  de  signalisatton(Fr).  Pyrotechnic 
signals 

Artifices  pour  signoux(Fr).  Same  as  petards 
pour  signaux 

Artificial  Barricade  means  an  artificial  mound 
or  revetted  wall  of  earth  of  a minimum  thick- 
ness of  3ft,  erected  as  protection  around 
places  storing  expls,  propellants  or  ammo 

Ref:  Cook(1958),  355 

Artificial  Silica  can  be  prepd  by  decompg 
silicon  fluoride  with  water.  It  possesses  high 
absorptive  value  and  was  used  by  M.Berthelot 
in  France  for  prepg  some  dynamites 

Ref:  Marshall  1 (1917),  360 

Artifizi  da  guerra(ital).  Military  pyrotechnics 

Artifizi  pirotecnici  per  usi  bellici(Ital). 
Pyrotechnic  devices  for  use  in  war 

Artiglierio(Ital).  Artillery;  ordnance 

Artillena(Span).  Artillery;  ordnance 

Artillerie(Fr  & Ger).  Artillery;  ordnance 

Artilleriya(Rus).  Artillery;  ordnance 

Artillery  is  the  branch  of  the  armed  forces 
which  uses  weapons  of  caliber  greater  than 
firearms.  This  includes  cannons,  howitzers, 
mortars  and  rocket  launchers,  which  may  be 
mounted  on  wheels  and  towed  by  horses  or 
motor  vehicles,  or  mounted  on  tanks,  motor 
vehicles,  boats,  ships  etc 

The  calibers  of  US  artillery  weapons  are 
listed  under  Ammunition  and  Weapons 
Refs:  l)Merriam-Webster’s  (195 1),  157  2) 

EncyclBritannica  2(1952),  463*78  3)Collier's 
Encycl  2(1957),  294-310 

Artillery  Ammunition.  See  under  Ammunition 
and  Weapons 

Artillery  Ammunition  Components  Tests.  The 


purpose  of  these  tests  is  to  determine  if 
the  components  of  a round  of  artillery  ammo 
(such  as  cartridge  cases,  powder  bags,  pro- 
pelling & bursting  charges,  projectiles, 
boosters, igniters  and  fuzes)  function  ac- 
cording to  the  requirements  of  the  US  Armed 
Forces  Specifications.  These  tests  may  be 
conducted  also  in  order  to  obtain  data  for 
further  research  and  development 

Descriptions  of  testing  methods  for  various 
components  are  given  in  the  following  Ord- 
nance Proof  Manuals: 

a)0PM  No  8-10(1947)  (General)  b)OPM  No 
8-11(1943)  (Projectiles)  c)OPM  No  8-12 
(1937)  (Propellants)  d)OPM  No  8-13(1948) 
(Fuzes)  e)OPM  No  8-14(1943)  (Primers  for 
cannons)  f)OPM  No  8-15(1942)  (Boosters) 
and  g)OPM  No  8-16(1942)  (Cartridge  cases 
and  bags) 

Artillery  Cannon  and  Cannon  Equipment. 

General  specification  for  manuf  and  in- 
spection is  in  MIL-A- 13931(Ord) 

Artillery  Carriages  & Mounts;  Recoil  Mech- 
anisms; Rocket  Launchers;  Auxiliary  Equip- 
ment and  Parts.  General  specifications  for 
these  items  are  in  MIL-A- 1391 7A(Ord) 

Artillery  Materiel  and  Its  Testing.  Artillery 
materiel  includes  Items  such  as  cannons, 
mounts  & carriages,  recoil  systems,  sighting 
systems,  subcaliber  guns,  rocket  launchers, 
aircraft  armament  and  recoilless  weapons. 
The  purpose  of  tests  is  to  determine  whether 
or  not  the  submitted  materiel  meets  the  re- 
quirements of  the  US  Armed  Forces  Specifi- 
cations 

The  following  Ordnance  Proof  Manuals 
describe  these  tests: 

a)OPA  No  16-10(1947)  (Artillery  materiel; 
general)  b)OPA  No  16-10-75(1944)  (Pilot 
units)  c)OPA  No  16- 10- 75 A(  1952)  (Winter- 
ization testing  of  artillery  materiel)  d) 

OP  A No  16-11(1943)  (Cannons)  e)0PA  No 
16-12(194?)  (Carrages  & mounts)  OOP  A No 
16-13(1942)  (Recoil  systems)  g)OPA  No 
16-14(1943)  (Telescopic  sights)  h)OPA 
No  16-15(1942)  (Subcaliber  guns)  i)OPA 
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No  16-16(1944)  (Aircraft  armament)  j)OPA 
No  16-17(1948)  (Erosion  and  service  life 
tests)  k)OPA  No  16-20(1951)  (Recoilless 
weapon  materiel  development  tests) 

Artillery  Propellants.  See  under  Propellants 

Artillery  Rockets.  See  under  Rockets 

Artillery,  Railway.  This  term  covers  artillery, 
mostly  of  large  caliber,  mounted  on  special 
carriages  attached  to  heavy  duty  platforms 
(flat  cats)  of  special  trains  (mostly  armored 
trains).  Protection  of  gun  crews  is  usually 
achieved  by  means  of  steel  shields 

A comprehensive  description  of  British  & 
French,  Italian  and  US  railway  artillery  used 
during  WWI  is  given  in  Ref  1 

Newman  (Ref  2)  describes  three  pieces  of 
US  railway  artillery:  a)8-inch  Railway  Gun 
b)12-inch  Railway  Mortar  and  c)14-inch 
Railway  Gun.  US  Railway  Artillery  which 
was  at  the  beginning  of  WWII  a part  of  the 
Coast  Artillery,  was  disbanded  in  March 
1942 

Two  examples  of  Ger  railway  artillery  of 
WWII,  used  on  the  Russian  Front  are  given  in 
Ref  3,  p 263:  a)310  mm  Glott  Gun  and  b) 

510  mm  Self-Propelled  Mortar  Karl  Gerat 

Refs:  1)H.W. Miller,  "Railway  Artillery, " 

Ordnance  Department  Document  No  2034, 
Washington,  DC  (1922)  2)J.R.Newman, 
"Tools  of  War,"  Doubleday  & Doran  & Co, 
NY  (1943),  164-6  3)B.T.Fedoroff  et  al, 
PATR  2510(1958),  263 

Artillery  Train  comprises  a number  of  pieces 
of  artillery  (ordnance)  mounted  on  carriages 
equipped  for  marching,  together  with  their 
munitions  and  the  vehicles  transporting  them 
Ref:  Merriam-Webster’s(195 1),  15  7 

Arukoru( jap).  Alcohol 
Arumtnyumu(Jap).  Aluminum 

Arylamines  and  Their  Explosive  Derivatives 

are  described  individually,  such  as  aniline, 
anilinoethanol,  etc 


Arylamines,  Qualitative  Reactions  were  dis- 
cussed by  S. I. Burmistrov,  ZhAnalKhira  1, 
265(1946)  & CA  43,  5344(1949) 

Aryiaminoguanidines;  Arylaminotetrozoles 
and  Arylaminotriazoles  and  Their  Explosive 
Derivatives  are  described  individually 

Arylazides.  See  under  Alkyl-  and  Arylazides 

Arylpa  raff  ins.  Theory  of  nitration  of  side 
chains  of  arylparaffins  was  discussed  by 

A. I. Titov,  UspKhim  21,  881-913  (1952) 

ARZ.  A cast  double-base  propellant  described 
in  conf  "Propellant  Manual,"  SPIA/M2(1959), 
Unit  No  437 

ASA  ( A zide-Styphn ate- Aluminum).  British 
initiating  mixts  of  LA,  LSt  & Al  (flake  powder) 
for  detonators  using  tetryl  as  a base  charge. 
Brit  "Service  ASA”  contains  the  crystalline 
"Service  Azide, *’  while  commercial  ASA 
contains  dextrinated  LA 

The  No  6 commercial  detonator  consists 
of  an  Al  cap  containing  0.35  g of  ASA  as  an 
upper  layer  and  0.25  g of  tetryl  as  a lower 
charge.  The  larger  and  stronger  detonator. 

No  8,  contains  0.35  g ASA  & 0.55  g tetryl. 
PETN  can  be  used  as  an  alternative  base 
charge  for  tetryl  to  obtain  detonators  of  in- 
creased initiating  power  or  to  reduce  the 
detonator  charge  required.  The  corresponding 
charge  of  ASA  & PETN  are  0.20  & 0.22  g 
respectively  for  the  No  6 cap  and  0.20  & 

0.45  g for  the  No  8 

Still  stronger  detonators  may  be  produced 
by  using  three  layers:  ASA,  an  intermediate 
charge  of  PETN  or  tetryl  slightly  compressed 
and  a base  charge  of  PETN  or  tetryl  very 
highly  compressed 

Refs:  i)A.R.Ubbelohde,  Trans  Roy  Soc 

(London),  241  A,  215  & 217(1948)  2)Taylor 
& Gay  (1958),  54-5 

Asbestos(Earth-Flax;  Stone-Flax;  Mountain 
Cork)  (Asbest  in  Ger;  Amianthe  in  Fr). 
Asbestos  is  a class  name  for  several  native 
fibrous  materials,  but  commercial  asbestos 
is  mainly  the  fibrous  form  of  serpentine 
known  as  chrysolite,  which  is  a hydrpds 
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magnesium  silicate,  3 Mg  O.2Si02*2H2O. 

Other  types  of  asbestos  often  contain 
silicates  of  magnesium,  iron  and  aluminum  as 
well  as  of  magnesium.  Commercial  forms  of 
asbestos  can  be  white,  grayish,  bluish  or 
greenish  in  color.  Asbestos  is  acid-  and 
heat-resistant  and  may  be  spun  or  woven 
(Refs  2-4) 

Uses  of  asbestos  include:  acid-  & fire- 
proof cord,  gloves,  clothing,  pads,  paper, 
carton,  gaskets  & filtering  disks,  acidproof 
cements  & putties  and  as  filter  bed  in  Gooch 
crucibles  and  funnels  (Refs  2-4).  Powdered 
asbestos  was  used  as  an  absorbent  for  NG 
in  some  older  dynamites  (Ref  1).  Fibrous 
asbestos  has  been  used  in  Ascarite  and  in 
Aitch-Tu-E ss.  Ascarite  is  an  absorbent  for 
C02  made  of  asbestos  with  NaOH  and 
Aitch-Tu-Ess  is  a solid  generator  of  HaS 
made  by  compressing  asbestos  with  a sulfide 
decompg  on  heating.  Platinized  asbestos 
has  been  used  as  a catalyst  both  in  laboratory 
and  plant.  Hutchison  (Ref  5)  proposed  to  use 
asbestos  in  solid  gas  generating  units  em- 
ployed for  actuation  of  pressure-operated 
mech  devices  in  blasting  operations,  pro- 
pulsion of  rockets,  etc.  In  these  units,  self- 
sustained,  exothermic,  nondetonating,  g as- 
evolving,  decompn  reactions  are  obtained  by 
igniting  local  areas  of  NGu  and/or  GuN 
compns  contg  0.25-1%  by  wt  of  asbestos  fiber 
& 0.2-  10%  H2MoO«-Ce02  or  H2Mo0,-V20, 

Asbestos  dust  in  air  can  be  trapped  with 
an  impinger  dust- sampling  apparatus  using 
25%  aq  ethanol  as  the  collecting  medium 
(Ref  4).  The  safe  threshold  value  for  asbes- 
tos dust  exposure  is  considered  5 million 
particles  per  cubic  foot 

US  military  requirements  for  crude  asbes- 
tos are  given  in  specification  MIL- A- 13651 
and  for  asbestos  sheet,  compressed,  MIL-A- 
7021 A 

Refs:  l)Daniel  (1902),  31  2)Hackh(l944), 

78  3)Kirk  & Othmer  2(1948),  134-42(Asbestos) 
(13  refs);  142-50(Asbestos-Cement  Products) 
(49  refs)  4)Jacobs(1949),  188  5)A.C. 
Hutchison,  USP  2,710,793(1955)  & CA  49, 
13652(1955) 


Ascaridol(a-Terpinene  Peroxide  or  1,4- 
Epidioxy-2-p-menthene), 


HjC — /-O— oA  — CH(CH,)2,  mw 


166.21.  Liq 


bp  83°  at  4-5  mm  & 96-7°  at  8 mm, dec  ex- 
plosively >130°  at  atm  pressure;  1.4769 
at  25°.  A naturally  occuring  (in  ethereal  oil 
of  Chenopodium  seeds)  transannular  peroxide, 
which  may  also  be  obtained  from  a- 
terpinene  and  other  substances.  It  is  toxic 

Refs:  DBeilW,  17,(611)  & [18]  2)0. 

Wallach,  Ann  392,  59(1912)  3)E.K.Nelson, 
JACS  33,  1404(1911)  & 35,  84(1913)  4)K. 
Bodendorf,  ArchivPharmazie  271,  1-35(1933) 
5)H.Hock  & F.Depke,  Ber  84,  122  & 349 
(1951)  6)Tobolsky  & Mesrobian(1954)  24-6, 
166  & 178 


Ascarite.  See  under  Asbestos 
ASG.  A cast  double-base  propellant  described 
in  conf  " Propellant  Manual/  SPIA/M2(1959), 
Unit  No  449 

Ash  is  a solid  left  after  a combustible  mate- 
rial is  thoroughly  burned  at  not  too  high  temp. 
Ashes  vary  in  compn  , both  qualitatively 
and  quantitatively,  but  in  most  cases  they 
consist  of  oxides  and  non-volatile  salts  of 
Na,  K,  Ca,  Mg  & Fe.  Some  sand  and  silicates 
may  also  be  present.  The  amt  of  ash  is 
sometimes  taken  as  a measure  of  the 
"mineral  matter”  of  the  original  material 

Refs:  l)Thorpe  1(1937),  503-11  2)Kirk  & 

Othmer  4(1949), 93-4  3)Merriam-Webster’s 
(1951),  161 


Ash  Determination.  This  is  one  of  the  tests 
for  the  detn  of  purity  of  substances  con- 
sisting primarily  of  one  or  more  organic 
compds 

A)lf  the  material  is  normally  slowburning 
(such  as  coal,  wood,  paper,  etc)  and 
not  an  explosive  nor  readily  ignited  (such 
as  NC  or  propellants),  weigh  accurately  a 
sample  (lg  or  more  depending  on  the  amt  of 
expected  ash)  in  an  accurately  tared  crucible 
(porcelain  or  metallic)  and  heat  in  an  oven 
at  ca  105°  until  all  the  moisture  is  removed 
(1-2  hrs).  Cool  in  a desiccator  and  weigh. 
The  loss  in  wt,  divided  by  wt  of  sample  and 
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multiplied  by  100  gives  % of  volatiles. 

Place  the  crucible  in  a muffle  furnace  (or 
use  Bunsen  burner  or  an  electric  heater)  and 
heat  gently  at  first  (until  most  of  the 
smoke  disappears)  and  then  increase  the 
heat  gradually  to  a dull  red  (700-750°)  in 
order  to  destroy  all  the  carbonaceous  mate- 
rial. Avoid  heating  to  higher  temps  to  pre- 
vent fusing  of  ash  to  the  walls  of  the  cru- 
cible. Occasionally  stir  the  ash  with  a 
platinum  wire.  Cool  the  crucible  in  a des- 
iccator and  weigh.  Heat  again  for  30  mins, 
cool  and  reweigh.  Repeat  until  a const  wt 
is  obtained  (Ref  3,  p 598) 

B)lf  the  substances  is  an  explosive,  the 
direct  heating  in  a muffle  furnace  or  in  a 
flame  is  not  advisable  because  all  the  ash 
would  be  blown  out  by  the  expln.  In  order 
to  avoid  this,  the  sample  must  be  treated 
prior  to  combustion  with  some  liquid,  such 
as  H2S04,  oil,  isopropanol,  etc,  preventing 
the  expln  and  slowing  down  the  combustion 
For  example,  when  analyzing  PA,  weigh 
ca  5 g in  a tared  crucible  and  add  few  drops 
of  coned  H2S04.  This  will  decomp  PA  with 
formn  of  carbonaceous  material.  Heat  care- 
fully to  remove  the  excess  H2S04  and  to 
bum  the  bulk  of  carbon.  Cool,  add  few  drops 
of  coned  H2S04  + HN03  and  heat  at  below 
dull  red  to  eliminate  all  carbonaceous  mate- 
rial. Cool  in  a desiccator  and  weigh.  The 
difference  betw  this  wt  and  the  wt  of  empty 
crucible  gives  ash  as  sulfates 

During  WWII  in  analyzing  TNT  for  sodium 
content  in  the  ash,  the  following  method  for 
combustion  of  TNT  was  used  at  Keystone 
Ordnance  Works,  Meadville,  Pa: 

Weigh  on  a rough  balance  in  a tared  plati- 
num dish  a 25  g sample  and  moisten  it  with 
a little  isopropanol.  Heat  the  dish,  under  the 
hood,  with  the  colorless  flame  of  a Bunsen 
burner  until  all  the  TNT  is  melted.  Care 
must  be  taken  not  to  heat  platinum  in  a 
yellow  flame  as  the  incandescent  carbon  of 
such  a flame  attacks  platinum,  forming 
carbide  which  is  extremely  brittle.  If  the 
material  has  not  already  ignited,  ignite  it. 


remove  the  burner,  close  the  hood  and  allow 
the  combustion  to  proceed  by  itself.  Do  not 
be  alarmed  if  the  material  flashes  at  the  end 
of  burning.  Transfer  the  dish  into  a muffle 
furnace  preheated  to  700-750°  and  leave 
there  to  bum  off  all  the  carbon  (ca  5 mins). 
Cool  the  dish  in  a desiccator  and  weigh 

If  it  is  desired  to  transform  the  carbonates 
and  oxides  to  sulfates,  add  a few  drops  of 
dil  H2S04  (ca  10%)  and  with  the  aid  of  a 
rubber  policeman  rub  down  the  sides  of  the 
dish  moistening  them  with  the  liquid  in  the 
dish.  Evaporate  the  liquid  and  heat  the  dish 
in  the  muffle  furnace  at  below  dull  red 
(Ref  1) 

C) lf  the  sample  is  a propellant,  treat  1-2  g 
in  a tared  crucible  (porcelain  or  platinum) 
with  a few  drops  of  coned  nitric  acid  and 
heat  on  a steam  bath,  under  the  hood,  until 
the  evolution  of  nitrogen  oxides  subsides. 
Continue  heating  until  the  liquid  fraction 
evaporates,  thus  leaving  a gummy  mass. 
Transfer  the  crucible  to  a triangle,  and  using 
a low  flame  heat  carefully  until  most  of  the 
carbonaceous  matter  has  been  burned  off. 
Finish  the  combustion  at  ca  600°  for  ca  1 hr, 
cool  in  a desiccator  and  weigh  (Refs  1 & 2) 

D) lf  the  material  is  a liquid  or  a syrup  con- 
sisting of  water  with  some  dissolved  com- 
bustible substance  (such  as  a red  water  or 
thick  liquor  of  TNT  manuf),  pipette  out  10  ml 
to  a tared,  low  form,  procelain  crucible,  and 
evaporate  the  water  with  stirring,  on  a steam 
bath.  Transfer  to  oven  at  135°  and  heat  for 

4 hrs.  Cool  in  a desiccator  and  weigh.  This 
gives  total  solids 

Moisten  the  residue  with  ca  10  ml  of 
acetone,  slant  the  dish  at  ca  45°  angle  and 
ignite.  Remove  the  gas  burner,  cool  the  dish, 
and  repeat  the  above  treatment.  Heat  the 
crucible  on  a gas  burner  or  in  a muffle 
furnace  until  the  disappearance  of  carbon- 
aceous matter,  cool  in  a desiccator  and 
weigh  (Ref  1) 

(See  also  under  individual  compounds) 

Refs:  l)Clift  & Fedoroff,  1(1942)  & 3(1943) 
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2)0Isen  & Greene(1943),  37&64  3)Snell 
& Bif£en(1944),  598 

ASN.  An  expl  compn  developed  by  CPV  (Ref 
l):  AN  70,  PETN  20  & dicyanodiamide  10%. 

It  was  used  during  WWII  both  in  Germany  and 
Italy  as  an  underwater  explosive.  Its  props 
were:  rate  of  deton  at  dl-55>  5500  m/sec  and 
equation  of  expl  de compn: 

MN^NOj  + C(CH20N02)4  + 2(CN-NH2)2  -» 

9COa  + 36H20  + 20  N2 

Vol  of  gases  evolved  according  to  the  above 
reaction  is  972  1/kg  at  NTP  and  heat  evolved 
938  kcal  with  H20  in  vapor  phase 

Brandimane  (Ref  3)  describes  the  prepn 
of  ASN,  as  follows:  PETN  (20  parts)  was 
added  at  115-18°  to  a binary  mixt  of  70  ps 
AN  and  10  ps  dicyanodiamide,  which  had 
been  previously  fused  for  6-8  hrs.  The  mixt 
was  analyzed  and  found  to  contain  ca  2%  of 
GuN  and  ca  6%  of  biguanide  nitrate,  which 
were  formed  by  interaction  betw  dicyanodiamide 
and  AN 

An  improved  underwater  expl  compn  was 
prepd  by  mixing  90  parts  of  ASN  with  10  ps 
A1  powder 

Refs:  l)Report  of  the  Chemisch-physikalische 

Versuchsanstalt,  Berlin(1943)  2)Mangini 
(1947),  225  3)E.Brandimarte,  Chira  e Ind 
(Milano)  35,  553-5(1953)  & CA  48,  4219-20 
(1954)  4)PATR  25 10(1958),  212 

Asphalines.  Brit  blasting  exp  is  used  at  the 
end  of  the  19th  century:  a)Asphaline  No  1 
was  prepd  by  thoroughly  mixing  54  parts  of 
KClOj  with  42  ps  of  bran  and/or  wheat, 
barley,  etc  & 4 ps  of  K sulfate,  in  presence 
of  small  amt  of  w.  After  drying  the  mixt  could 
be  bound  and  waterproofed  by  incorporating 
a small  amt  of  mineral  oil,  paraffin,  soap  or 
ozocerite  b)Asphaline  No  2 consisted  of 
75  parts  asphaline  No  1 and  25  ps  K nitrate 

Refs:  l)Cundill's  Dictionary,  MP  5,  287 

(1892)  2)Gody  (1907),  263 

Asphalt;  Asphaltum  or  Mineral  Pitch  (Earth 
Pitch;  Jew’s  Pitch  or  Trinidad  Pitch)  is  a 
solid  or  seraisolid  black  or  dark  brown 


amorphous  material  found  native  in  many 
parts  of  the  world.  One  of  the  greatest  known 
deposits  is  in  Trinidad  ("Pitch  Lake”).  A 
soft  variety,  which  is  found  on  the  surface 
of  Dead  Sea,  has  been  known  since  Biblical 
times 

Asphalt  is  one  of  the  bitumens,  to  which 
also  belong  tar  and  pitch.  Bitumen,  as  well 
as  asphalt,  is  a mixt  of  hydrocarbons  asso- 
ciated sometimes  with  mineral  matter.  The 
org  constituents  are  sol  in  CS2  and  may  be 
roughly  divided  into  asphaltines  and  carbenes. 
The  former  are  insol  in  ether  and  mineral 
oils,  whereas  the  latter  are  insol  in  CC14  or 
in  CHClj 

The  common  form  of  asphalt  is  a black, 
compact,  amorphous,  brittle  mass  of  dull 
luster,  which  breaks  showing  a polished 
surface  and  fuses  at  188-90°F  (ca  87°), 
d 1.40-1.42  at  77°F  (25°C)  and  Moh's  hard- 
ness 1 to  2 

Large  amt  of  asphalt  used  in  the  US 
is  artifical.  It  is  obtained  as  the  residue 
from  distillation  of  asphaltic  and  mixed  base 
crude  petroleum  oils 

Another  variety  of  artificial  asphalt  is 
one  of  the  by-products  of  manuf  of  coal  gas. 
This  asphalt  is  the  residue  left  in  the  retorts 
after  removal  from  coal  tar  (by  distillation) 
of  aromatic  hydrocarbons,  phenols,  cresols, 
etc 

The  mixt  of  asphalt  with  sand  and  lime- 
stone used  in  roofing  and  for  paving  roads 
is  commonly  called  "asphalt” 

The  purest  variety  of  natural  bitumens  is 
gilsonite  or  mineral  rubber.  It  belongs  to  the 
group  of  asphaltites.  Gilsonite  is  easily 
distinguished  from  the  other  asphalts  by  its 
brown  streak,  lower  d,  fixed  carbon  and  low 
sulfur  content.  Its  d is  1.03-1.10  at  77°F 
(25°),  softening  point  (ring  & ball)  270-400°F 
(132-204°)  and  soly  in  CS2  >98%.  There  are 
three  commercial  grades:  "selects,” 
"seconds”  (standard)  and  "jets”  (Ref  3,  p 
166) 

Uses:  Asphalt  is  used  for  paving  streets, 
surfacing  floors  & roofs;  as  an  ingredient 
of  paints,  varnishes,  cements;  for  impregnating 
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belting  material  and  as  a bonding  and  water- 
proofing agent.  Davis  (Ref  1)  lists  uses  of 
asphalt  in  some  commercial  pyrotechnic 
corrtpns  and  Sutton  (Ref  7),  Warren  (Ref  8) 
and  Herrick  & Burgess  (Ref  9)  describe  uses 
of  asphalt  in  rocket  propellants.  US  military 
specification  MIL-A- 3029(1)  deals  with  as- 
phalt used  in  waterproofing  fiber  ammunition 
containers 

Powdered  gilsonite  has  been  used  as  a 
component  of  some  US  pyrotechnic  and  ignition 
compns 

The  following  requirements  for  gilsonite 
are  given  in  specification  JAN- A- 3 5 6: 
a )G  ran  til  at  ion  — through  No  100  US  Std  Sieve 
99%  (min)  b)Sp  gr  at  25/25°  1.05  ± 0.05  c) 
Softening  point  125°  (min)  d)Mineral  matter 
1.0%  (max)  e)Grit-none  f)Volatile  matter 
1.0%  (max)  g)Reaction  of  water  extract  — 
alkaline  to  methyl  orange  h)Solubility,  %, 
min  — in  CC14  99,  in  petr  ether  30  and  in  CS2 
99 

For  description  of  tests  see  the  above 
specifications 

Refs:  l)Davis(  1943),  121  2)Hackh(1944), 

80  3)Kirk  & Othmer  2(1948),  164- 199(68  refs) 

4) P.Horwink,  Edit,  1 'Elastometers  and 

P la sto meters —Manufacture,  Properties  and 
Application,"  vol  2,  Elsevier  Amsterdam 
(1949),  Chap  13,  "Asphalt,"  by  R.N.Traxler 

5) EncyclBritannica  2(1952),  549-50  6)Cond 
ChemDict(  1956),  116  7)Sutton(1956),313  & 

337  8)Warren(1958),37  9)J.W. Herrick  & 

E. Burgess,  Edits,  "Rocket  Encyclopedia," 
AeroPublishers,  Los  Angeles  26,  Calif(1959), 
29 

Asphalt-Perchlorate  Castable  Propellants 

for  use  in  JATO’s  were  developed  at  GALCIT 
(Guggenheim  Aeronautical  Laboratory,  Cali- 
fornia Institute  of  Technology)  and  by  the 
Aerojet  Corp,  Azuza,  Calif.  The  original 
propellant  was  called  Galcit  and  it  consisted 
of  K perchlorate  and  asphalt 
Refs:  l)J.E.Burchard,  "Rockets,  Guns  & 

Targets,"  Little,  Brown  & Co,  Boston(1948), 
19  2)W.A.Noyes,  Jr,  "Science  in  WWII, 
Chemistry,"  Little,  Brown  & Co,  Boston 
(1942),  112 

Asphaltenes.  See  under  Asphalt 


Aspirin  and  Derivatives.  See  A cetyl  salicylic 
Acid  and  Derivatives 
Asplund  Process  of  Pulping.  See  under 
Pulp  and  Pulping 

Assisted  Toke-off  (Units),  abbreviated  to 
ATO.  This  term  usually  refers  to  an  auxil- 
iary rocket  engine  specifically  used  for  pro- 
viding extra  thrust  to  a heavily  loaded  air- 
craft during  the  take-off  run  and  initial 
climb.  It  is  generally  understood  that  an 
ATO  is  a liquid  propellant  engine  to  dis- 
tinguish it  from  RATO  (rocket-assisted  take- 
off) which  is  operated  by  a solid  propellant. 
ATO  and  RATO  are  designed  to  operate  only 
during  take-off,  and  all  or  any  part  of  power- 
plant  system  can  be  jettisoned  after  com- 
pletion of  take-off.  The  term  JATO  (jet- 
assisted  take-off)  was  coined  during  the 
early  part  of  WWII  for  a solid-propellant 
rocket  power  plant  that  would  give  assistance 
to  the  take-off  of  heavily-laden  airplanes  and 
seaplanes.  The  term  JATO  is  discontinued 
in  favor  of  RATO 

Refs:  1)C.M. Bolster,  "The  Assisted  Take- 

off of  Aircraft,"  Norwich  Univ,  Northfield, 
Vermont  (J.J. Cabot  Fund  Publication  No  9) 
(1950)  (It  covers  the  whole  range  of  ATO  in- 
cluding catapult  take-off)  2)W.W. Holler, 

Edit,  "Glossary  of  Ordnance  Terms,"  OEHO, 
Duke  University,  Durham,NC(1959),163  3) 

J.W. Herrick  & E. Burgess,  Edits,  "Rocket 
Encyclopedia  Illustrated,"  Aero  Publishers, 
Los  Angeles  26  Calif  (1959),  29-31(ATO); 

240- 2( JATO)  and  375(RATO) 

AST.  A cast  double-base  propellant  de- 
scribed in  conf  "Propellant  Manual,"  SPIA/ 

M2(1959),  Unit  No  442 

Aston,  Francis  W.  (1877-1945).  A Brit 
physicist,  professor  at  Cambridge  Univ,  noted 
for  studies  of  isotopes  and  for  the  develop- 
ment of  mass-spectra 

Refs:  l)Hackh(l 944), 81  2)Guia,  Dizionario 

1 (1948), 582 

Astrolits  are  AN  mining  expls  conrg  as  sen- 
sitizers TNT  or  DNT  and  sometimes  a small 
amt  of  NG.  Compn  of  five  Ger  Astralits  are 
listed  in  Ref  3.  One  of  the  Ger  Astralits: 

AN  84.5,  NG  4.0,  TNT  7.0,  WM  1.0,  charcoal 
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1.0  & paraffin  oil  2.5%  was  used  during  WW 
as  a filling  for  trench  mortars  and  hand 
grenades  (Ref  1) 

According  to  Izzo  (Ref  2)  Some  Asifalits 
were  manufd  in  Italy  by  the  Societa  Dinamite 
According  to  Antonelli  (Ref  4).  the  Ger 
Astralit  M contained  AN  68.3,  TNT  25.0, 
NG  4.0  & WM  2.7%  and  the  corresponding 
Brit  Astralit  contained  GC  instead  of  WM 
Refs:  l)Marshall  1 (191 7), 397  2)Izzo, 

Minatore(1953),53  3)PATR  2510(1958),  10 
4)R.P. Antonelli,  OTIA,  ArIington,Va(1960) 

Astrodyne  Synthetic  Rubber  Propeilant,  a 

solid  rocket  propellant  made  from  synthetic 

1-  _ ■ J i^1_  A Tit  ...LI I-.1-- 

£U1U  U1IACU  W1L11  ili>  111 

machinery.  After  mixing,  the  material  is  ex- 
truded at  low  pressing  into  shapes  with  the 
desired  cross  section  and  then  cured  by 
heating  for  3 days  at  ca  180°F 
Ref:  B.Kit  & D.S.Evered,  ’'Rocket  Pro- 

pellant Handbook,”  Macmillan,  NY(1960),33 


Astronautics  or  Space  Travel  (Astronavigatsxa, 
in  Russian)  is  the  study  of  the  physical 
possibilities  of  voyaging  through  space  to 
other  celestial  bodies,  including  stars 

T1 „..L : . 

1 11V  i3  UU  ULMlOlULiUU  1U1  JllUli^  y V.  o U 

fiction,  became  a reality  when  the  Russians 
launched  their  "Spootnik”  in  1956 

Although  space  travel  is  outside  of  the 
scope  of  our  work,  it  would  be  appropriate  to 
give  a partial  list  of  books  on  this  subject: 
l)N.A.Rynin  et  al  "Mezhplanetnyiye 

c?  _ t * /a  ; ? ~ \ } -4-* 

ouoDsm.iiciuya  v/i^nuiicivi^ciLaia/, 

vols  1-9  (1928-1939)  (Vol  9 contains  a com- 
prehensive bibliography  covering  nearly  every 
publication  in  any  language  up  to  1931)  2) 

A.Ananoff,  "L’Astronautique, ” Librairie 
Artheme  Fayerd,  Paris(1949)  3)H.H.Koelle 
& H.J.Kaeppeler,  “Literature  Index  of 

a fr* o.  T? l‘_L\  XT7  T5 

ASOTIlilUIIC»  VVJCT111*U1  a JLJllg  11*11,1,  ".IT  U^Htl 

Verlag,  Tittmoning  (Bayern)  (1954)  (A  recent 
bibliography  on  Astronautics)  4)G.Portel, 
"Dizionario  di  Tecnica  dei  Razzi  e 


d ’Astronautics,”  Associazione  Italiana  Razzi, 
Roma  (1955)  (Dictionary  in  Ital,  Ger,  Engl  & 

Fr  on  rockets  & astronautics)  5)A.Zaehringer, 
Solid  Propellents  ^ nd  Astronentics^ 99  5 th 
Congress  International  Astronautical 
Federation,  Innsbruck,  Austria,  Aug  1955  & 


CA  49,  10627(1955)  6)Willy  Ley,  Rockets, 
Missiles  and  Space  Travel,”  The  Viking 
Press,  NY(1957),  489-520  (An  extensive 
bibliography  in  ali  languages  on  space 
travel)  7)M.T.Bizoni  & R. Griffin,  Edits, 

111«-  UpCH.  U Uliuj-  V.1U^  UVUlMj  A.1  » 

(1957)  8)E. Burgess,  ' 'Satellites  and  Space- 

flight,  Macmillan,  NY(1957)  9)A. Fritz, 

"Start  in  die  dritte  Dimension,”  Herold- 
Verlag,  Stuttgart  (1958)  10)A.G. Haley, 

"Rocketry  and  Space  Exploration," 
VanNostrand,  NY(1958)  ll)F.G.Grieger, 


” d ..ki : p»cc 

i-'x-llUlu  ^ut,inrv^j  • 


Washington, DC(  1958)  12)E.Bialborski, 
"Raketen.  Satelliten,  Raumschiffe,”  Urania- 
Verlag,  Leipzig (1958)  13)H.S.Seifert, 

"Space  Technology,”  Wiley,  NY(1959)  14) 

Journals:  Aerospace  Engineering,  ARS  Jour- 
nal, Astronautics  Acta,  Astronautics,  Interavia, 
Journal  of  the  British  Interplanetary  Society, 
Missiles  and  Rockets,  Raketen  und  Raumfahrt- 
forschung,  Space  Aeronautics,  Spaceflight, 
Space  technology,  fhxokol  Astronaut  & Welt- 
raumfahrt  15)Russian  Journals  translated 
into  English  may  be  obtained  from  Consultants 
Bureau,  Inc,  New  York  11,  NY 
AT.  Rus  abbrn  for  amatol 

ATi.  A cast  double-base  propeiiant  described 
in  conf  "Propellant  Manual,”  SPIA/M2 
(1959),  Unit  No  444 

Atlas.  One  of  the  numerous  US  missiles 


Ref:  J.L. Chapman,  "Atlas:  The  Story  of  a 
Missile,”  Harp er,NY( I960) 


Atlas  Dynamite,  patented  in  1883  by  Kalk 
contained  NG  and,as  an  absorbent, a mixt  of 
NC,  NS,  nitromamite  and  powdered  glass 


Ref:  Daniel(1902),  32 

Atlas  Powder  Company  (APC),  Wilmington, 


: inn  .n .. 

Vi^am^uu  ill  x/ii-  tvs 


with  the  decree  of  US  Federal  Court  dis- 
solving the  E.I.  du  Pont  de  Nemours  Powder 
Co  into  three  separate  units:  E.I.  du  Pont  de 
Nemours  & Co,  Atlas  Powder  Co  and 
Hercules  Powder  Co.  The  name  "Atlas” 
was  chosen  to  represent  the  brand  of  dyna- 

„,u :_u  i j i : j 

llinv  WUIVU  aau  UU  aaoiguvu  iv  uiv  nv.  vr 

Company 


/? ^ f * Van  Gelder  <?£  Schlsttcr(19-7)j  211  Sc 
465-78 

Atlas  Powders  were  blasting  expls  manufd 


A 499 


by  the  Atlas  Powder  Co  before  WWL  Some  of 
these  powders  were  used  in  building  the 
Panama  Canal 


Following  are  two  examples  of  Atlas 
Powders  given  in  Marshall  1 (1917),  3 64: 


1 I _ 1 A 

WlSVJlipuip  ^ “I  1 


iC 

'-’t 


MgO  (or  CaCOj)  3.0  & moisture  0.2%  b)No  2: 
NG  45.7,  woodpulp  10,5,  KNO,  40.9,  CaCO} 


1.9  & moisture  1.0% 


Note:  According  to  Mr.  G.D.Clift,  none  of  the 
Atlas  Powders  analyzed  by  him  while  working 
before  WWI  at  the  duPont  laboratory,  contained 
KNOj,  but  only  NaNO, 


Atmospheric  Pollution.  See  Air  Pollution 

ATN.  A cast  double-base  propellant  de- 
scribed in  conf  "Propellant  Manual”  SPIA/ 
M2(1959),  Unit  No  447 

ATO.  See  Assisted  Take-off 

Atomic  Ammunition.  See  Atomic  Weapons  and 
Ammunition 

Atomic  Artillery.  See  Atomic  Weapons  and 
Ammunition 

Atomic  (or  Nucleor)  B sfnbi * A weapon  ln~ 
vented  during  WWII  and  developed  in  the 
United  States  as  a joint  effort  with  the 
British  and  Canadian  governments.  It  utilizes 
for  its  destructive  effect  the  energy  of  an 
Atomic  or  Nuclear  Explosion  (qv).  Since 
atomic  explosions  are  of  two  types,  fission 

r : : _ i u „ t r: 

“UU  atUlLUV  flit 

types.  However,  it  has  been  necessary  to 
first  initiate  an  atomic  explosion  with  a 
nuclear  fission  reaction  in  order  to  bring 
about  the  conditions  under  which  a nuclear 
fusion(thermonuclear)  reaction  can  occur. 

Thus  a Fusion  Bomb,  (Hydrogen  or  H Bomb, 

_ t l ; n — * 

M 1—J  \JULW  / IJIUOi  'wUll  Lalll  IIIV^IIO 

of  initiating  both  types  of  atomic  explosion 
The  three  bombs  exploded  during  WWII  — in 
the  New  Mexico  desert  on  July  16,  1945, 
over  Hiroshima  on  Aug  6,  1945,  and  over 
Nagasaki  on  Aug  9,  1945  — were  all  of  the 
fission  type  and  of  tens  of  ki!oton(thousands 


since  the  war  have  had  two  aims.  One  is  the 
development  of  fusion  bombs.  The  first  one 
was  tested  at  Eniwetok  in  the  spring  of  1948. 
The  bomb  of  several  megaton  (millions  of 


tons  of  TNT  equivalent)  yield  reported  in 
1955  seem  to  be  of  a three- stage  fission- 
fusion-fission  type.  An  ordinary  fission 
bomb  at  the  center  is  surrounded  by  lithium 
deuteride,  the  fusion  component,  which  on 
iuitiutiCii  emits  fist  neutrons.  Thcst  in- 
duce  fission  in  the  outer  component,  U238. 
Efforts  are  in  progress  to  minimize  or  eli- 
minate the  fission  reaction  and  thus  produce 
a relatively  "Clean”  Bomb  of  fusion  type, 
with  reduced  output  of  poisonous  radioactive 
isotopes  of  extremely  long  half-life.  Prob- 
lems here  are  Similar  tu  thusc  involved  m 
the  attempt  to  generate  power  for  industrial 
purposes  by  fusion  reactions.  The  second 
aim  was  the  development  of  atomic(pre  sum  ably 
fission)  bombs  of  smaller  size  and  yield, 
adaptable  to  missions  of  military  units  in 
the  field.A/owzc  Artillery 

It  is  necessary,  in  the  construction  of  an 
atomic  bomb,  to  utilize  the  energy  released 
by  the  nuclear  reaction  or  reactions  in  such 
a way  that  an  explosion  of  the  desired  yield 
takes  place.  This  requires  control,  so  that 
the  explosion  occurs  when  wanted  and  not 
before  (usually  obtained  by  keeping  the 
fissionable  material  in  units  smaller  than 
critical  size)  and  then  effecting  a chain  re- 
action  which  takes  place  so  cjuickly  that  a 
large  amt  of  material  undergoes  nuclear  re- 
action before  the  bomb  flies  apart.  The 
latter  is  done  by  bringing  the  parts  together 
quickly,  for  instance  by  shooting  one  part 
as  a projectile  against  the  other  part  as  a 
target.  A suitable  tamper  of  dense  material 

/•  n n l--»  r\  <■"}  I O t r i-li  0 Kranl/'-im 

W»»*  W VW  U<V 


Refs:  I)H.D.W. Smyth,  "Atomic  Energy  for 

Military  Purposes  **  Princeton  Univ  Press 
Princeton, NJ(1945)  [Comprehensive  resume 
in  French  is  given  in  MAF  20,  217-35(1946)1 
2)J.K. Robertson,  "Atomic  Artillery  and  the 
Atomic  Bomb, ” VanNostrand,  NY(1945)  3) 
H. Sabatier,  MAF  20,  437-59(1946)  (Note  sur 
!a  bombe- uranium)  4)A.K. Solomon,  Fortune 
33  s 1 1 s-9?  1 iz.A  aj  1 7/^1  cv<7;v  n & An 

6969(1946)  (Physics  of  the  atomic  bomb)  5) 
W.L. Lawrence,  "Dawn  over  Zero;  The  Story 
of  the  Atomic  Bomb,”  Knopf,  NY  (1947) 
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6) A.Stettbacher,  "Spreng- und  Schlesstoffe," 
Rascher  Veriag,  Zurich  (1948),  157-66 
(Atombomben  und  Kernumwandlungsexplosionen) 

7) H.D.W.  Smyth,  "Atomic  Energy  for  Military 
Purposes,"  PrincetonUnivPress,  Princeton, 

NJ,  2nd  enlarged  edition(1948)  8)EncycI- 
Britannica  2(1952)  647A  to  647D  9)A. 

Stettbacher,  "Polvoras  y Explosivos,"  G. 

Gili,  BuenosAires(1952),  l97-213(Bombas 
atomic  as  y explosiones  de  fision  nuclear) 

10)D. Dietz,  "Atomic  Science,  Bombs  and 
Power,"  Dodd,  Mead  & Co,  NY(1954)  11) 

G. McAllister,  Edit,  "The  Bomb:  Challenge 
and  Answer,"  Batsford,  London(1955)  12) 
S.Tolansky,  "Introduction  to  Atomic  Physics," 
Longmans,  Green,  London(1956) 

(Other  refs  are  given  under  Atomic  Energy) 

Atomic  (or  Nuclear)  Energy;  Atomic  (or 
Nuclear)  Reactions;  Atomic  (or  Nuclear) 
Explosions.*  In  chemical  reactions  the  atomic 
nuclei  maintain  their  charges,  masses,  and 
individual  identities.  These  all  change  in 
atomic  or  nuclear  reactions,  first  revealed 
in  the  discovery  of  radioactivity  by  Becquerel 
in  1895  and  of  radium  by  the  Curies  in  1898. 

The  natural  radioactive  disintegrations 
evolved  energies  per  atom  almost  a million 
times  those  evolved  in  chemical  reactions, 
but  resisted  all  attempts  to  change  their 
rates  or  control  them  by  any  chemical  means. 
Therefore  physicists  began  bombarding  var- 
ious nuclei,  first  with  alpha-  and  beta-particles 
and  gamma  rays  from  natural  sources;  and 
later  with  protons,  deuterons,etc  from  arti- 
ficial sources.  In  1939,  discoveries  made 
almost  simultaneously  by  E. Fermi  in  Italy, 
by  O.Hahn,  F.Strassniann  et  al  in  Germany, 
the  Joliots  and  others  in  France,  and 
J. Chadwick  et  al  in  England,  gave  a new 
dimension  to  nuclear  research.  Uranium 
nuclei,  bombarded  by  neutrons,  were  found 
to  split  into  two  other  nuclei  of  roughly 
equal  masses,  forming  such  pairs  as  Kr  and 
Ba  or  Xe  and  Sr 

The  energy  of  the  process,  about  200  raev 
(million  electron  volts)  is  out  of  all  pro- 
portion to  the  energies  of  only  5 mev  or  so 


given  by  nuclear  transmutations  known  up 
to  that  time.  For  comparison,  since  23  kcal/ 
mole  or  per  gram  atom  is  equivalent  to  only 
1 ev  (electron  volt)  per  particle,  a heat  of 
explosion  of  240-250  kcal/mole  (TNT)  is 
less  than  11  ev  per  molecule 

The  evolution  of  energy  in  a nuclear  re- 
action follows  from  the  Einstein  relation 
between  mass  m and  energy:  E "*  me1  (where 
E ° energy  in  ergs,  m “ the  mass  in  grams 
and  c = velocity  of  light  in  cm/sec).  The 
measured  mass  of  a nucleus  is  not  exactly 
the  sum  of  the  masses  of  the  nucleons 
(protons  and  neutrons)  present,  but  some- 
what less.  The  small  discrepancy  represents 
the  loss  of  mass  due  to  the  association  or 
binding  together  of  these  particles.  The 
energy  equivalent  to  this  loss,  by  the 
Einstein  relation,  is  called  the  binding 
energy 

Nuclear  forces  between  any  two  nucleons 
are  very  much  alike,  whether  they  are 
neutrons  or  protons,  and  arrangements  contg 
equal  numbers  of  each  tend  to  be  most  stable 
in  light  nuclei.  As  the  size  and  weight  of 
the  nucleus  increase,  however,  Coulomb 
repulsion  gains  in  relative  importance  be- 
cause it  falls  off  only  with  the  square  of  the 
distance,  much  more  slowly  than  the  nuclear 
force.  Thus,  with  increasing  atomic  weight 
the  number  of  neutrons  increases  more  and 
more,  relative  to  the  number  of  protons 

The  binding  energy  per  nucleon,  if  plotted 
against  the  mass  number  (total  number  of 
nucleons)  of  the  nucleus,  jumps  sharply  from 
its  minimum  of  1.0  mev  for  hydrogen,  rises 
above  8.5  mev  to  a level  stretch  for  mass 
numbers  from  40  to  80,  and  then  falls  off 
slowly,  dropping  below  8.0  mev  for  mass 
numbers  over  175.  The  atoms  near  the  center 
of  the  sequence  therefore  have  the  largest 
binding  energies  and  hence  the  greatest 
stability  against  nuclear  distintegration.  The 
lighter  elements  and  the  much  heavier  ones 
are  less  firmly  bound  aggregates  of  nucleons. 
Reactions  which  either  convert  heavy 
elements  into  those  near  the  center  of  the 
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table  by  fission,  or  combine  lighter  nuclei 
to  make  heavier  ones  by  fusion,  evolve  large 
amounts  of  energy.  These  are  the  two  types 
of  Nuclear  Reactions  applicable  to  production 
of  Atomic  Explosions 

Three  nuclei  known  to  undergo  fission  are 
U233,  UJiS  and  Pu23>.  One  of  these  on  capturing 
a neutron  can  apparently  oscillate  violently 
and  then,  like  an  oversized  raindrop,  split 
into  approximately  equal  halves  along  with 
smaller  droplets  or  neutrons.  The  splitting 
is  a statistical  process  rather  than  one  that 
always  occurs  in  the  same  way;  sometimes 
one  pair  of  product  nuclei  results  and  some- 
times another;  sometimes  two  neutrons  are 
produced  and  sometimes  three.  A typical 
fission  reaction  producing  two  neutrons  is: 

92U2’5  + 0nl  -»5  7La147  + 3S  Br#7  + 20n2 
(Subscripts  indicate  atomic  number  or  positive 
charge  oq  the  nucleus,  superscripts  indicate 
mass  number  ) 

The  product  nuclei  as  initially  formed  are 
highly  unstable  isotopes  and  emit  delayed 
neutrons  as  well  as  electrons  and  gamma 
photons  while  settling  down  into  their  stable 
configurations,  which  are  usually  isotopes 
of  different  elements  from  those  first  formed. 
The  neutrons,  both  prompt  and  delayed , con- 
tinue the  reaction  by  encountering  other 
fissionable  nuclei 

Thus  one  neutron  suffices  to  start  the  re- 
action while  2 or  3 are  produced  by  it,  and 
are  available  to  initiate  fissions  of  other 
nuclei.  This  makes  a chain  reaction  possible, 
and  in  fact  inevitable  if  neutrons  are  gen- 
erated more  rapidly  than  they  escape  or  are 
otherwise  lost,  for  any  excess  if  present 
grows  exponentially  with  extreme  rapidity. 
Since  the  rate  of  escape  depends  on  surface 
area  and  is  thus  proportional  to  the  square 
of  the  length  whereas  the  rate  of  production 
depends  on  the  mass  or  volume  and  is  thus 
proportional  to  the  cube  of  the  length,  there 
is  for  each  fissionable  material  a critical 
mass.  Smaller  masses  remain  unchanged,  but 
if  brought  together  quickly  enough  to  form  a 
mass  exceeding  the  critical  size,  undergo 


the  fission  reaction  at  once.  The  initiating 
neutron  can  come  from  a cosmic  ray  or  from 
an  artificial  source 

Fusion  or  thermonuclear  reactions  produce 
more  energy  than  fission.  Furthermore,  the 
reactants  are  cheap  and  easily  available, 
and  the  products  are  harmless  and  thus  give 
hope  for  developing  a "clean”  nuclear  bomb. 
Reactions  of  this  general  type  supply  the 
energy  of  the  sun  and  other  stars,  where 
gravitational  forces  hold  the  reactants  to- 
gether despite  temperatures  of  several  million 
degrees  K.  Since  strong  Coulomb  repulsion 
must  be  overcome  for  the  nuclei  to  collide 
and  hold  together  long  enough  to  react,  it 
is  likely  that  the  only  reactions  practically 
realizable  on  an  industrial  scale  are  those 
between  nuclei  having  small  charges,  such 
as  the  following: 

iD2  + ,D2  -»  aHeJ  +0n*  + 3-2  mev 
iD2  + tD2  -»  + lH1  + 4.0  mev 

iD2  + jT3  -»  aHe*  + 0nl  + 17.6  mev 
iHl  + 3Li7-4Be*  + 17.2  mev  . 

Temperatures  high  enough  to  induce 
transitory  fusion  reaction  can  be  reached 
with  a fission  reaction.  Despite  the  short 
duration  of  the  fusion,  thermonuclear  bombs 
have  yields  in  the  megaton  (TNT  equivalent) 
range  as  compared  to  kilotons  from  fission 
bombs.  Problems  involved  in  starting  the 
fusion  without  a preliminary  fission,  or  of 
holding  the  reactants  together  in  a steady 
fusion  reaction  for  power  generation,  have 
not  been  solved 

The  fission  reaction  has  been  success- 
fully applied  to  industrial  power  production; 
here  the  reaction  is  conducted  not  explosively, 
but  in  such  a way  as  to  provide  a steady 
source  of  energy  for  power  generation  by 
conventional  heat  engines.  This  method  is 
suitable  also  for  large  vehicles  such  as 
atomic  energy  submarines  and  atomic  energy 
aircraft  (See  also  Atomic  Weapons  and 
Ammunition) 

Atomic  or  Nuclear  Explosions  evolve  quan- 
tities of  energy,  per  unit  mass  of  reactant,  from 
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a million  to  a billion  times  those  available 
from  chemical  explosives.  Therefore, the 
shock  waves,  although  basically  of  the  same 
nature  as  those  from  HE,  have  much  higher 
pressures  in  the  positive  pulse,  lower  pres- 
sures in  the  negative  phase,  and  much  longer 
duration 

The  atomic  explosion  not  only  produces 
high  temperatures  and  a great  shock  wave  but 
emits  intense  IR  and  UV  radiation,  with 
burning  effects  over  several  square  miles, 
intense  enough  to  char  wood  and  cause  third- 
degree  burns.  The  heavy  flux  of  neutrons 
emitted  would  suffice  in  itself  to  be  deadly 
to  individuals  close  to  the  explosion.  The 
great  amounts  of  gamma  radiation  can  be 
deadly  even  to  those  who  are  some  distance 
away  from  the  explosion  and  indoors.  Be- 
sides the  radiation  emitted  at  the  instant  of 
explosion,  the  blast  scatters  radioactive  ma- 
terials as  fallout  over  wide  areas,  and  much 
of  it  is  carried  hundreds  of  miles  downwind. 
These  materials  decay,  and  this  decay  also 
yields  radiation  which  is  harmful.  Alpha-  and 
beta-particles  emitted  in  the  blast  itself  have 
only  short  ranges  and  present  no  problems, 
but  those  emitted  by  the  fallout  material  make 
it  a very  serious  hazard.  They  can  do  great 
damage  if  the  material  is  breathed  or  ingested 
as  dust,  or  introduced  into  wounds.  Gamma 
radiation  may  also  be  dangerous  over  a wide 
area  after  the  explosion 

In  view  of  the  foregoing,  considerable  study 
has  been  devoted  to  effects  of  nuclear  blasts 
on  houses,  industrial  structures,  underground 
piping  and  vaults,  and  to  design  of  blast- 
resistant  construction.  For  both  military  and 
civil  defense  against  nuclear  as  well  as 
chemical  and  biological  weapons,  much 
effort  has  been  applied  to  developing  means 
of  detecting  nuclear  radiations  and  other 
effects  of  these  weapons,  design  and  con- 
struction of  fallout  shelters,  and  other  de- 
fense measures 

Refs:  1)H.D.W. Smyth,  '‘Atomic  Energy  for 

Military  P urposes, " Princeton  Univ  Press 
Princeton,  NJ  (1945)  [Comprehensive  resume  in 


French  is  given  in  MAF  20,  217-35(1946)3 
2)D. Dietz  "Atomic  Energy  in  the  Coming 
Era,"  Dodd,  Mead  & Co,  NY(1945)  3)G.G. 

Hawley  & S.W.Leifson  "Atomic  Energy  in 
War  and  Peace,"  Reinhold, NY(1945)  4)C. 
Darwin,  Science  Progress  34,  449-65(1946) 

& CA  40,  6967(  194 6X Atomic  energy)  5)H. 
Tellez,  MAF  20,  46l-77(1946)(Les  elements 
trans-uraniens)  6)H. Sabatier,  MAF  20,  685- 
704(1946)(Carburant  m'oleculaire,  carburant 
acomique,  carburant  nucleaire)  7)J.He/ly 
MAF  21,  209-33(1947)(Essais  d’une  represen- 
tation symboiique  de  la  constitution  des 
noyaux  atomiques)  8)M.Cahen,  MAF  21, 
273-367(1947) (L’energie  atomique)  9)Kirk 
& Othmer,  Encyclopedia  2,  207-13  (Atoms 
and  atomic  structure)  (12  refs)  1Q)A. 
Stettbacher,  "Spreng-  und  Schiesstoffe,” 
Rascher  Verlag,  ZUrich (1948),  157-66  11) 

P.CaldiroIa,  jChemPhys  16,  846-7(1948) 
(Detonation  wave  in  nuclear  explosions) 
12)W.Hume-Rothery,  "Atomic  Theory  for 
Students  of  Metallurgy,”  Institute  of  Metals, 
London  (1948)  I3)G.Gamow  & C.L.Critch- 
field,  "Theory  of  Atomic  Nucleus  and  Nuclear 
Energy  Sources,"  Clarendon  Press,  Oxford 
(1949)  14)S.Rothmann,  Edit,  "Constructive 
Uses  of  Atomic  Energy,"  Harper, NY(1949) 
15)S.Glasstone,  "Sourcebook  on  Atomic 
Energy,”  Van  Nostrand,  NY  (1950)  16)F. 

Gaynor,  Edit,  "Concise  Encyclopedia  of 
Atomic  Energy,"  Philosophical  Library,  NY 
(1950)  17)F. Gaynor,  "Pocket  Encyclopedia 

of  Atomic  Energy,”  Philosophical  Library, 
NY(1950)  18)W.Finkelburg,  "Atomic  Physics, M 
translated  from  the  German,  McGraw-Hill, 
NY(1950)  19)Max  Born,  "Atomic  Physics," 
Blackie,  London  (1951)  2Q)M.E.Nahmias, 

MAF  25,  849-920(1951)  (Sur  quelques  aspects 
de  l'industrie  et  de  la  guerre  atomique)  21) 
D.E.Gray  & J.H. Martens,  "Radiation  Moni- 
toring in  Atomic  Defense,"  VanNostrand,  NY 
(1951)  22)R. Glasscock,  "Labelled  Atoms; 

The  Use  of  Radioactive  and  Stable  Isotopes 
in  Biology  and  Medicine,"  Sigma  Books, 

London  (1951)  23)C.D. Goodman,  Edit,  "The 
Science  and  Engineering  of  Nuclear  Power," 
Addison-Wesley  Press,  Cambridge,  Mass(1952) 
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24)EncyclBritannica,  2(1952), 64  2-647A  & 
647D-648  25)A.Stettbacher,  "Polvoras  y 
Explosivos,”  G.Gili,  Buenos  Aires(1952), 
197-213(Explosiones  de  fisio'n  nuclear)  26) 

R. E-Lapp,  "New  Force;  The  Story  of  Atoms 
and  People,"  Harper,  NY(1953)  27)ASME, 
"Glossary  of  Nuclear  Terms,”  American 
Society  of  Mechanical  Engineers,  NY(1953 
& 1955)  28)D. Dietz,  "Atomic  Science, 

Bombs  and  Power,”  Dodd,  Mead  & Co,  NY 
(1954)  29)0. Oldenburg,  "introduction  to 

Atomic  Physics,  McGraw-Hill, NY(1954)  30) 
R.E.Lapp  & H.L. Andrews,  "Nuclear  Radi- 
ation Physics,”  Prentice-Hall,  NY(1954) 
31)G.P-Harnwell,  "Atomic  Physics,”  McGraw- 
Hill,  NY(1955)  32)F.Reinfeld,  "Uranium 
and  Other  Miracle  Metals,”  Sterling  Pubg 
Co,  NY(1955)  33)H,S.Renne,  "Atomic  Radi- 
ation Detection  and  Measurement,"  ll.W. 

Sams,  Indianapolis(1955)  34)E.R. Andrew, 
"Nuclear  Magnetic  Resonance,”  Cambridge 
Univ  Press,  NY(1955)  35)D.C,Peaslee  & 
H.Mueller,  "Elements  of  Atomic  Physics,” 
Prentice-Hall,  JSJ  Y(  195 5 ) 36)D.O. Woodbury, 

"Atoms  for  Peace,”  Dodd,  Mead  & Co,  NY 
(1955)  37)US  Atomic  Energy  Commission, 

Technical  Information  Service,  "The  Reactor 
Handbook,”  GovtPrintgOff,  Washington,  DC 
(1955);  vol  1-Physics,  vol  2-Engineering, 
vol  3-General  Properties  of  Material  38)US 
Atomic  Energy  Commission,  "Selected 
Readings  on  Atomic  Energy,”  GovtPrintgOff, 
Washington, DC  (1955)  39)J-E. Boswell,  "A 

Bibliography  of  Current  Materials  Dealing 
with  Atomic  Power  and  Related  Atomic 
Energy  Subjects  for  Non-Specialists  and 
Lay  Persons,”  Michigan  Univ  Library,  Ann 
Arbour,  Mich(1955)  40)J,  A. Bearden  & J.S. 
Thomsen,  "A  Survey  of  Atomic  Constants,” 
Johns  Hopkins  Univ,  Baltimore,  Md(1955) 
41)R.D.Dunglison,  "The  Atomic  Nucleus,” 
McGraw-Hill, NY(1955)  42)R.$.ShankIand, 
"Atomic  and  Nuclear  Physics,”  Macmillan, 
NY(1955)  43)D.Halliday,  "introductory 
Nuclear  Physics,”  Wiley, NY(1955)  44)H;H. 

Hausner  & S. B.Roboff,  "Materials  for 
Nuclear  Power  Reactors,”  Reinhold,  NY:19*’5.) 
45)F.G.Brick\veddf,  " To.-spi/fut arc  in  Atomic 


Explosions,”  pp  395*412  in  vol  2 of  the 
"3rd  Symposium  on  Temperature,"  Reinhold 
NY(1955)  46)H.S.W. Massey,  "Atoms  and 

Energy,”  Philosophical  Library,  NY(1956) 

47) S.Tolansky,  "Introduction  to  Atomic 
Physics,”  Longmans,  Green,  London(1956) 

48) A.$.Thompson  & O.E. Rogers,  "Thermal 

Power  from  Nuclear  Reactors,"  Wiley,  NY 
(1956)  49)E.Biorkland,  "International 
Atomic  Policy  During  a Decade,"  translated 
from  the  Swedish  by  A.  Reed,  Van  Nostrand, 
NY(1956)  50)C.K.Beck,  "Nuclear  Reactors 
for  Research,”  Van  Nostrand,  NY(1957)  51) 

C.F. Bonilla,  "Nuclear  Engineering,”  McGraw- 
Hill,  NYU957)  52)G.L. Wendt,  "The  Pros- 

pects of  Nuclear  Power  and  Technology,” 

Van  Nostrand,  NY(1957)  52)J,K. Pickard, 

"Nuclear  Power  Reactors,”  Van  Nostrand, 
Princeton,  NJ(1957)  54)RCA  Service  Co, 

Inc,  "Atomic  Radiations,  Theory,  Biological 
Hazards,  Safety  Measurements,  Treatment  of 
Injury,”  RCA,  Camden,  NJ(1957)  55)G.P. 

Harnwell,  JFranklinlnst  263,  303-16(1957) 

(The  atomic  nucleus  and  modern  technology) 
56)W.B. Thompson,  Nature  179,  886-9(1957) 
(Thermonuclear  power;  a theoretical  intro- 
duction) 57)H.Hintenberger,  Edit,  "Nuclear 
Masses  and  Their  Determination, ” Pro- 
ceedings of  the  Conference  held  in  the  "Max- 
Plancks  Institut  fur  Chemie,”  Mainz,  10-12 
July  1956,  Pergamon  Press,  NY(1957)  58) 

Anon,  "Nuclear  Energy;Bibiiography  1946- 
1958,  Nos  13  & 14,  Communaute  Europe’ene 
du  Charbon  et  de  l’Acier,  Haute  Autorite 

(In  Engl,  Fr  & Ger)  (Bibliography  dealing 
with  the  problems  of  nuclear  energy  is 
presented  after  the  listing  of  some  publica- 
tions on  some  general  aspects.  The  largest 
part  of  the  work  is  devoted  to  articles  on 
the  peaceful  applications  of  nuclear  energy 
in  a number  of  countries  59)Anon,  Atomics 
& Nuclear  Energy  (London  9,  58-9(1958) 
(Thermonuclear  fusion;  Brit  & Amer  progress 
reports)  6G)W.K. Mansfield,  "Elementary 
Nuclear  Physics,”  Temple  Press,  London 
(1958)  61  )L.D. Landau  & Ya.Smorodinsky, 

"Lecture  on  Nuclear  Theory,"  translated  from 
the  Russian,  Plenum  Press,  NY(1959) 
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62)K.Way,  Edit,  "AEC  1959  Nuclear  Data 
Tables,’*  Nuclear  Data  Project  NAS-NRC, 
Washington,  DC(1959)  63 )F.W. Hutchinson, 

"'Nuclear  Radiation  Engineering;  An  Intro- 
duction,” Ronald  Press  Club,  NY(1960) 
64)Journals  on  Atomic  and  Nuclear  Energy: 
a)Atomics(London)  b)Atomics  & Nuclear 
Energy  (London),  changed  in  1958. to  Atomic 
World  and  combined  in  1959  with  Chemical 
and  Process  Engineering  c)Atomnaya 
Energuiya(Moscow)  issued  in  English  by  the 
Consultants  Bureau,  Inc,  NYll, NY,  under 
the  name  "Soviet  Journal  of  Atomic  Energy." 
The  same  journal  is  incorporated  in  the 
Journal  of  Nuclear  Energy  d)Journal  of 
Nuclear  Energy  (London)  e)Journal  of 
Nuclear  Materials  (Amsterdam)  f)JournaI  of 
Inorganic  & Nuclear  Chemistry  (London)  g) 
Nuclear  Science  and  Engineering  (New  York) 
h)Nuclear  Instruments  and  Methods  (Amster- 
dam) i)Nuclear  Power(London)  j)Nuclear 
Physics( Amsterdam)  k)Nucleonics(New  York) 
(with  which  is  consolidated  "Atomic  Power" 
and  "Atomic  Engineering")  l)Nukleonik 
(Berlin)  65)Russian  Publications  on  Atomic 
Energy,  translated  into  English,  are  obtain- 
able from  the  Consultants  Bureau,  Inc,  227 
West  17th  St,  New  York  11,  NY 

Atomic  Explosions.  See  under  Atomic  Energy 

Atomic  Gun  (A-Gun)  Shell.  See  under  Atomic 
Weapons  and  Ammunition 

Atomic  Reactions.  See  under  Atomic  Energy 

Atomic  Rifle  (Dave  Crockett).  See  under 
Atomic  Weapons  and  Ammunition 

Atomic  Rockets.  See  under  Atomic  Weapons 
and  Ammunition 

Atomic  Shell.  See  under  Atomic  Weapons  and 
Ammunition 

Atomic  Submarine.  See  under  Atomic  Weapons 
and  Ammunition 

Atomic  Weapons  and  Ammunition*  are  a 
natural  consequence  of  the  tremendous  power 
and  destructiveness  of  nuclear  explosions. 
Atomic  artillery  has  been  developed  by 
•Written  by  C.G.Duokle 


adaptation  of  the  fission  process  to  pro- 
jectile warheads.  Development  of  an  atomic 
shell  for  the  280-mm  gun  was  announced  in 
1953  in  newspaper  releases.  The  process 
has  been  adapted  for  local  tactical  appli- 
cation to  smaller  shell  fired  from  guns  of 
regulation  caliber,  though  with  some  loss  of 
efficiency  in  the  use  of  the  fissionable  mate- 
rial. Development  of  an  atomic  rifle  called 
the  "Davy  Crockett",  a weapon  for  use  by 
the  foot  soldier,  was  developed  about  1958, 
according  to  newspaper  reports.  This  weapon 
is  sufficiently  portable  to  be  mounted  on  a 
jeep  or  carried  by  several  men.  The  warhead 
has  considerable  destructive  force  but  the 
effective  radius  is  so  small  that  infantrymen 
firing  it  will  not  be  endangered  by  the  blast. 
Danger  from  radioactive  fallout  is  minimized 

Atomic  rockets  are  obtainable  through  ap- 
plication of  the  nuclear  reaction  to  propul- 
sion rather  than  explosion.  In  1952,  con- 
struction of  a nuclear  fission  rocket  within 
ten  years  was  predicted.  A small  atomic  pile 
would  heat  hydrogen  to  a temperature  of 
several  thousand  degrees  and  expel  it  through 
a nozzle.  A chunk  of  fissionable  uranium 
would  serve  as  the  fuel  and,  because  the 
only  gas  in  the  exhaust  stream  would  be 
hydrogen,  the  lightest  possible  molecule, 
the  thrust  of  a nuclear  rocket  would  be  very 
large.  The  specific  impulse  might  be  around 
900  sec,  from  three  to  four  times  that  avail- 
able from  the  most  powerful  chemical  rocket 
fuels 

Energy  from  nuclear  fusion  might  also  be 
used  for  propelling  jets  and  rockets.  Formid- 
able difficulties  would  be  encountered,  how- 
ever. For  reactions  occurring  at  ca  10®  °K, 
such  as  those  between  the  hydrogen  isotopes, 
chamber  pressures  of  around  100  atm  could 
give  rates  of  energy  production  comparable 
to  those  from  the  familiar  chemical  fuels. 

The  rates  would  be  much  lower  for  heavier 
atoms,  and  increase  with  the  square  of  the 
combustion  pressure.  The  half-life  of  burnup 
in  the  most  rapid  reactions  may  drop  to 
periods  as  short  as  those  of  chemical  fuels. 
Despite  the  high  temperatures,  the  radiated 
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energy  can  fall  short  of  that  produced,  par- 
ticulary  with  an  inefficiently  radiating  mate- 
rial such  as  a gas  like  hydrogen  which  is 
easily  ionized  completely 

On  the  other  hand,  the  fraction  of  com- 

In  fKp  oacAC  nnrlpr- 
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going  nuclear  combustion  must  not  exceed  a 
certain  upper  limit  because  the  corresponding 
densities  lie  in  the  range  of  high  vacua.  Only 
if  a considerable  proportion  of  the  particles 
remain  un-ionized  can  the  densities  be  kept 
high  enough  to  make  chamber  diameters  of 
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tures  and  pressures  of  interest  here,  the 
mean  free  path  is  about  107  cm  in  a fully 
ionized  plasma.  Sanger  discusses  three  types 
of  nuclear  rocket  propulsion:  (l)direct  ex- 
pansion of  the  gases  in  a pure  nuclear  rocket, 
(2)admixture  of  the  gases  with  surrounding 
air  in  turbojets,  ramjets  etc,  or  with  other 
gases  in  thermal  atomic  rockets,  and  (3)  con- 
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photon  rocket.  He  concludes  the  combustion 
pressures  available  to  attain  the  required 
chamber  loading  in  practice  seem  inadequate 
for  the  last  two  methods,  except  possibly  in 
central  power  stations,  marine  propulsion 
plants,  or  in  pure  nuclear  rockets  of  very 
large  dimensions 

Refs:  1)J.K. Robertson,  "Atomic  Artillery 

and  the  Atomic  Bomb,"  Van  Nostrand,  NY 
(1945)  2)E.Nahmias,  "Artillerie  Atomique,” 
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al,  "The  Effects  of  Atomic  Weapons,”  Govt- 
Prtp  Off.  Washington.  DC(1950)  (456  dd)  4) 
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D.E.Gray  & J.H. Martens,  "Radiation  Moni- 
toring in  Atomic  Defense,”  Van  Nostrand,  NY 
(1951)  5)C.P.Lent,  "Rockets,  Jets  and  the 
Atom,”  Pen- Ink  Pubg  Co,  NY(1952)  6)E. 

Diel,  SatEveningPost  226,  No  2i,  Nov  1933 
(How  We  Made  the  A-Gun  Shell)  7)G.C. 
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in  Land  Combat,”  Military  Service  Pubg  Co, 
Harrisburg,  Pa (1953-4)  8)Anon,' 'Elements 
of  Armament  Engineering,  US  Military  Acad- 
emy, West  Point,  NY(1954)(P art  V is  entitled 
"Atomic  Weapons”)  9)C. Blair,  "Atomic 


Submarine  and  Admiral  Rickover,”  Holt,  NY 
(1954)  10)F.O.Miksche,  "Atomic  Weapons 
and  Armies,”  Praeger,  NY(1955)  ll)Anon, 
"Atomic  Weapons,”  USMiiitary  Academy, 

West  Point,  NY(1955)  (pamphlet)  12)E. 

Sanger,  Ascronautica  Acta(Wien),  1,  61-88 
(1955)  (Stationdre  Kernverbrennung  in  Raketen), 
translated  as  "Steady  Nuclear  Combustion 
in  Rockets,”  NACA  TN  1405(1957)  13)H.A. 

Kissinger,  "Nuclear  Weapons  and  Foreign 
Policy,”  Harper,  NY(1957)  14)G. A.W. 

Boehm,  Fortune,Dec  1957,  pp  167  & 172 
(Nuclear  Fission  Rocket)  15)j.W.Herrick, 

E. Burgess  & W.Lanford,  "Rocket  Encyclo- 
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Los  Angeles,  Calif(1959),  31-2(Acomic 
Rocket  Power  Plant)  16)Anon,  Dover  Ad- 
vance, Dover,  NJ  58,  No  19,  May  12,  I960, 
pp  l-2(Foot  Soldier’s  Atomic  Weapon  Devel* 
oped  Here)  (A  photo  and  few  words  about  the 
weapon  known  as  "Davy  Crockett,”  de- 
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also  Refs  under  Atomic  Energy) 

Atomization  is  the  reduction  of  a substance 
to  very  small  particles  often  approaching  the 
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liquids,  atomization  is  done  by  spraying. 

The  same  method  may  be  applied  to  solids 
when  they  melt  without  decompn.  Spraying 
may  also  be  applied  to  solns  of  solids  in 
volatile  liquids,  such  as  acetone,  alcohol, 
etc.  Solids  may  also  be  diminuted  to  very 
small  size  by  the  methods  used  for  prepn 
of  colloids  such  as  by  using  a colloid  mill 
or  — Ho rr.cgeni 2c r y bs  described  in  Ref  l. 
Another  method  for  prepn  of  small  solid 
particles  is  electric  atomization,  which  is 
achieved  by  passing  an  electric  arc  between 
electrodes  of  pure  metal  in  distilled  water 
contained  in  a vessel  made  of  practically 
insol  material.  This  method  produces  a 

LI  * 1m  m f -L.  m 1 ..  J 

LUiiuiuai  ca ui n ui  lijc  uivnai  u^cu  ao 

the  electrodes  (Ref  3) 

Some  atomized  metals  are  used  in  expl 
and  pyrotechnic  compns.  The  following  US 
specifications  give  tests  and  requirements 
for  such  metals: 
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a) jAN-A-289tAfuminum  powder,  flaked, 
grained  or  atomized  (for  use  in  ammunition)] 

b) jAN-A-512  [Aluminum,  powdered  (grained 
or  atomi zed)  (from  secondary  metal)] 

c) JAN-M-454  (Magnesium-aluminum  alloy, 
powdered) 

d) jAN-M-382A  (Magnesium  powder,  for  use 
in  ammunition 

e) jAN-M-476A  (Manganese,  powder,  for  use 
in  ammunition) 

Refs:  l)Kirk  & Othmer  5 (1950),  705-6  2) 

Perry  (1950),  839-40  3)Encycl  Britannica  2 
(1952),  651  3)E,Giffen  & A.Muraszew, 

"The  Atomization  of  Liquid  Fuels,"  Wiley, 
NY(I953)  4)P. Barret,  "Etude  de  Mecanisme 

de  la  Pulverisation  des  Solutions  Electro- 
lytiques  par  I'Etincelle  Anodique,”  Magasin 
CTO,  Paris  (1953)  5)Kirk  & Othmer  11 
(1954),  7l4-21(Sprays)  6)W.R. Marshall,  Jr, 
"Atomization  and  Spray  Drying,"  Amlnst- 
ChemEngrs,  NY(1954)  7)W,R. Marshall,  Jr, 

ChemEngProgr,  Monograph  Ser,  No  2,  122  pp 
(1954)  (Atomization  and  spray  drying;  a 
review)  8)R,Bailleres  & A.Avy,  MSCE  39, 
113-18(1954)  & CA  50,  16195(1956)  (A  new 
method  for  fine  atomizing  of  liquids)  9)C.C. 
Miesse,  IEC  47,  1690-1701(1955)  & CA  50, 
9069(1956)  (Correlation  of  experimental  data 
on  the  disintegration  of  liquid  jets)  10)R.D. 
lngebo,  "Atomization,  Acceleration  and 
Vaporization  of  Liquid  Fuels,"  a paper  re- 
ported in  the  "6th  Symposium  on  Combustion," 
Reinhold,  NY(1957),  pp  684-7(11  refs)  11) 
R.P. Fraser,  "Liquid  Fuel  Atomization,"  a 
paper  reported  in  the  6th  Symposium  on 
Combustion,"  Reinhold,  NY(1957),  pp  687- 
701(29  refs) 

Atoxylic  Acid.  See  p-Aminophenylarsonic 
Acid,  p A245 

ATT  (Attenuated)  Ballistite.  A ballistite, 
claimed  to  be  flashless, was  made  in  France 
from  a mixt  of  CP,  (NC  with  ca  13%  N)  & 

CP2  (NC  with  ca  12%  N)  treated  with  NG  and 
a non-volatile  solvent  (Ref  2,  p A259) 

An  improved  variety,  called  superattenuated. 
ballistite  and  used  during  WW1  by  the  French 


and  Italians,  contained  CP,  30,  CPa  30,  NG 
25  & DNT  15%.  It  was  made  without  vola- 
tile solvent  (Ref  1 & Ref  2,  p 327) 

Refs:  l)Pascal(1930),  227  2)Davis(1943), 

259  & 327 

Attasorb.  A light-weight,  free-flowing,  highly 
adsorptive  powd  derived  from  the  mineral 
attapulgite,  a hydrated  Mg-Al  silicate.  It  is 
manufd  by  the  Minerals  & Chemicals  Corp 
of  America  (Ref  1).  It  has  been  used  as  an 
anticaking  agent  for  substances,  such  as 
AN(eg  Attasorb  0.5,  ZnO  0.2  and  the  rest 
AN)  (Ref  2) 

Refs:  1)0. T. Zimmerman  & I.Lavine, 

"Supplement  II  to  the  1953  Edition  of  Hand- 
book of  Materials  Trade  Names"  Industrial 
Research  Service  Inc,  Dover,  New  Hampshire 
(1957),  26  2)R.F.Muraca  et  al,  "Analysis 
of  Ammonium  Nitrate,"  Jet  Propulsion  Lab 
Progress  Rept  No  20-311  (1957),  4 

Attenuated  Ballistite.  See  ATT 

Attenuating  Materials.  Effects  of  Detonation 
Induction  Distances  in  Gases  is  discussed 
by  M.W. Evans  et  al,  jApplPhys  26,  1111-13 
(1955)  & CA  49,  16436(1955) 

Attenuation  is,  in  most  general  sense,  re- 
duction in  concentration,  density, effective- 
ness, etc.  It  is  also  a general  term  for  the 
decrease  in  amplitudeof  waves  of  various 
kinds  as  they  progress 

Attenuation  of  shock  waves  in  air  as  a 
function  of  distance  was  detd  by  R.G. Stoner 
& W.Bleakney,  JApplPhys  19,  670-8(1948)  & 
CA  42,  8475(19 48).  They  measured  the 
velocity  of  propagation  produced  on  expln 
in  air  of  chges  TNT  or  50/50  Pentolite 
1.45  to  8 lb  (either  spherical  or  cylindrical 
in  shape)  and  then  calcd  peak  pressures  by 
applying  the  velocity-pressure  relation  de- 
rived from  the  Rankine-Hugoniot  equations 

Attrition  Mill  is  an  apparatus  contg  two- 
sided  knives  which  grind  the  material  very 
fine  by  friction.  Attrition  mills  are  used  at 
some  expls  plants,  such  as  Wabash  Ordnance 
Works,  For  drawings  and  description,  see 
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Perry  (1950),  pp  1123  (Fig  24)  and  1143-4 
(Figs  48  & 49) 

ATX  or  NBSX.  Code  letters  designating  1,7- 
Dinitroxy-2,4,6-trinitro-2,4,6*triazaheptane 
or  l,7-Dinitroxy-l,3,5,7-tetramethylene-2,4,6- 
trinitramine, 

OaNO-CHa-N— CH2-N— CH2-N CHa-ONOa. 

NOa  NO,  NO, 

See  under  l,7-Dihydroxy-l,3,5,7-tetramethy- 
lene-2,4,6-triamine  and  Derivatives 

ATZ.  See  Aminotetrazole  and  Derivatives 

Audemars  Explosives,  patented  in  1833  in 
England,  were  prepd  by  nitrating  purified 
barks  of  mulberry'  or  of  some  other  trees 

Refs:  lJCundill’s  Dictionary,  MP  5,  288 

(1892)  2)Daniei  (1902),  33 

Aufscbldger,  Gustav  (1853- 1934).  Ger 
engineer  specializing  in  expls.  He  estab- 
lished in  1882  the  Dynamitfabrik  Muiden- 
hiitten  bei  Freiberg  i S and  in  1884  the 
Dresdener  Dynamitfabrik.  Since  1889,  he 
was  the  Generaldirektor  of  the  Dynamit  AG, 
Hamburg.  Numerous  publications  on  expls; 
one  of  the  editors  of  the  Zeitschrift  fur  das 
gesamte  Schiess-  und  Sprengstoffwesen, 
abbreviated  in  our  work  as  SS 

Refs:  l)Anon,  Angew  Chem  36,  65(1923) 

2)F.Ebeling,  SS  28,  1-2(1933)  3)P .Muller, 

SS  29,  127-8(1934) 

Augendre  Powder,  also  called  American 
Powder  or  White  German  Powder  (Poudre 
blanche  allemande  or  Teutonite,  in  Fr).  The 
original  mixt  patented  in  France  in  1849  con- 
tained KClOj  48-50, K4FeCy8  25-29, & sugar 
23-25%.  It  was  intended  as  a replacement 
for  black  powder  as  a propellant,  but  proved 
to  be  too  sensitive  for  this  purpose.  If  found 
use,  however,  in  primer  compns  and  per- 
cussion caps.  The  modified  compn:  KClOj 
41.7,  K4FeCy6  25.0,  sulfur  (or  sugar)  20.8, 

& charcoal  12,5%  was  proposed  for  use  in 
electric  primers.  Its  modifications  were 
also  used  in  Germany 

Refs:  l)Cundill's  Dictionary,  MP  5,  288-9 


(1892)  2)Daniei  (1902),  33  & 74  3)Marshall 
1 (1917),  358  4)Davis  (1943),  358 

AUN.  A cast  double- base  propellant  de- 
scribed in  conf  "Propellant  Manual,' ' SPlA/ 

M 2(19 5 9),  Unit  No  449 

“Aunt  Jemma' ' Explosive  was  a white 
powdery  material  developed  in  the  US  during 
WW II  consisting  of  a mixt  of  flour  with  a 
white  finely  powdered  HE  which  was  not 
sufficiently  toxic  to  hurt  a person  tasting  it. 
The  mixt  was  insensitive  to  handling  and 
could  be  heated  (baked)  without  explg  it.  It 
was  intended  to  be  shipped  ostensibly  as 
flour  to  neutral  countries,  where  it  could  be 
used  for  purposes  of  sabotage 

Ref:  W. A. Noyes,  “Chemistry”  (Science  in 
WWII,  OSRD),  Little,  Brown  & Co,  Boston 
(1948),  51 

AURAMINE  AND  DERIVATIVES 

Auramine;  Auraminebase  or  Tetramethy|-pa- 
diaminoimino-benzophenone  (called  in  Beil 
4,4t-Bis-dimethylamino-benzophenon), 
(CH,)2N-CsH4-C(:NH)-CeH4-N(CH,)2,  mw  267,36, 
N 15.72  %.  Col  Ifts  mp  136°;  insol  in  w;  sol 
in  ale  & in  eth.  Can  be  prepd  by  treating  its 
hydrochloride  (see  below)  in  aq  ale  with  dil 
NaOH,  as  described  in  Ref  3,  or  by  heating 
4,4  -bis-dimethylamino-diphenylmethane  with 
sulfur  followed  by  treatment  with  ammonia 
(Ref  1,  p 92) 

Refs:  l)Beil  14,  91,(392)  & [58]  2) 

C.Graebe,  Ber  20,  3260-9(1887)  3)L. Semper, 
Ann  381,  235(1911)  4)H.E.Fierz-David  & 
L.Blangey,  “Grundlegende  Operationen  der 
Farbenchemie,”  Springer,  Wien(1943),  282 
5)Hackh’s(l944),  p 87 
Auramine  Hydrochloride;  Auramine  0 or 
Auramine  of  Commerce, 

(HjC^N^^ChQ-N^H,),,  h2o 

NH.HCl 

or 

(^c^nhQ-c^Qtn^h,),,  h2o 

NHa  Cl 

Yel  powd;  mp  267°  for  anhyd  salt  (Ref  2,  p 
3264);  sol  in  ale;  diffc  sol  in  w.  Can  be  prepd 
by  heating  tetramechyldiaminobenzophenone 
with  NH+Cl  in  presence  of  Zn(Ref  2) 
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Shidlovskii  (Ref  5,  pp-  245-245)  gives  for 
Auramine  0:  mp  216-18°,  d — 1-3,  latent  heat 
of  vaporization  26.8  kcal/mol  or  110  kcal/kg 
and  vapor  pressure  2.0  mm  Hg  at  260°,  Its 
vapor  is  yel  with  a definite  gm  tinge.  If  it 
is  desired  to  obtain  a smoke  of  pure  yel 
color,  some  Chrysoidine  (brn  dye)  is  mixed 
with  Auramine  O 

Auramine  hydrochloride  (Auramine  O)  in 
various  colored  smoke  pyrotechnic  compns. 

T\  * /n  r « 1 « 

i-^avis  gives  yei  anq  green  smoKe- 

signal  grenade  compns  used  by  the  US  planes 
during  WUCl  and  Izzo  (Ref  4)  gives  yel  and 
orange  smoke  compns  used  by  the  US  CWS 
and  by  some  European  countries.  Shidlovskii 
(Ref  5,  p 252)  lists  several  colored  smoke 
compns  contg  Auramine  0,  which  seem  to  be 
or  Russian  origin 

TABLE 


Soma  US  Smoke  Compositions  with  Auramine  0 


Auramine  0 

34 

15 

38.0 

16.4 

11.7 

KClOj 

33 

33 

24.4 

25.9 

25.9 

NaHCOj 

— 

— 

28.5 

23.0 

24.0 

L setose 
Sulfur 

24 

26 

9.1 

10.1 

10. x 

Chrysoidine 

9 

- 

- 

- 

- 

indigo 

— 

26 

— 

— 

- 

Of  Ami  no- 
ant hr  aqui  none 



24.6 

_ 

1,4-Di-p-tolui- 
di  ne  ant  hxaqui  none 



28,3 

Color  of  smoke 

Yel 

Gro 

Yel 

Orn 

Grn 

Refs 

3 

3 

4 

4 

4 

TABLE 

Some  European  Smoke  Compositions 


with  Auramine  0 

A in  a O 

40 

41 

34 

27 

10 

15 

KClOj 

30 

34 

33 

34 

30 

33 

Lactose 

20 

25 

24 

25 

20 

26 

Chrysoidine 

10 

— 

9 

— 

— 

- 

Indigo 

- 

- 

- 

14 

20 

26 

Oxalate  of 

malachite-green 

- 

- 

- 

— 

20 

- 

Color  of  smoke 

Yel 

Yel 

Yel 

Grn 

Grn 

Grn 

Refs 

4&5 

5 

4 

5 

4 

4 

Auramine  hydrochloride  intended  for  use  in 
some  US  colored  smoke  compns  must  be 


tested  according  to  specification  MIL-A-3664 
and  comply  with  the  following  requirements: 

a) Purity  — not  less  than  86.0%  when  tested 
by  both  chemical  and  spcctropnotomeiric 
analysis  specified  in  4.4.2 

b) Moisture  — not  more  than  3-5%  when  tested 

as  specified  in  4.4.3 

c) P article  size  — not  less  than  99%  through 
No  60  US  Std  Sieve  not  less  than  90%  through 
No  100  sieve,  and  not  less  than  40%  through 
No  200  sieve  when  tested  as  specified  in 

4.4.4 

d)  Apparent  density  — 0,35  i 0,15  when 
tested  as  specified  in  4.4.5 

e) Performance,  The  material  fired  in  yellow 
smoke  grenades  shall  burn  without  flaming 
and  shall  emit  a continuous  cloud  of  yel 
smoke  for  a period  of  70  ± 20  secs  when 
tested  as  specified  in  4.4.6.  The  smoke  shall 
Ke  distin^iusbsbls  h s to  color  sgstinst  2 
contrasting  color  background,  at  a distance 
of  10000  ft  on  a clear  day 

Methods  of  detection  of  auramine  are  de- 
scribed in  Ref  6 

Refs:  l)Beil  14,  92-3,  (392)  & [58]  2)C. 

Graebe,  Ber  20,  3261-2  & 3264(1887)  3) 

Davis  (1943),  123  4)Izzo,  Pirotecnia(1950), 
235-6  5)Shidlovskii,  Pirotekhnika(1954), 

243  & 247  6)Grg Analysis,  Interscience, 
v 3(1956),  190 

Auramine,  Azido — C17HaoN<  and  Diazido- 

Ci,H,#N#  Derivatives  were  not  found  in  Beil 
r \ 

\_/X  L1UV  Ugli  V 

Mono-,  Di-t  Tri-  and  Tetranitroauramines 
were  not  found  in  Beii  or  CA  through  1956 

Aurantia.  See  2, 2’, 4,4* ^^'-Hexanitrodipbenyl- 
amine,  Ammonium  Salt,  under  Diphenylamine 
and  Derivatives 

AURINE  AND  DERIVATIVES 

Aurine;Coroiiin  or  4,4‘-Dinydroxynjchsone, 
called  in  CA  4-[Bis(p-hydroxyphenyl) 
m»thylena1-2.5>eyclohexadien>l-ane  and  in  ' 

Beil  4,4'-Dioxy-fuchson;  Pararosolsaure  or 
p-Chinon-mono-[bis-(4-oxy-phenyl)-metid], 
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0:^  y ^CCCgH^QH)^  mw  290.30;  deep  red 

(garnet-like),  rhrab  crysts;  mp  308-10°(dec); 
insol  in  w or  benz;  sol  in  ale  or  eth.  Was 
first  prepd  in  1878  by  heating  a mixt  of  phenol 
oxalic  and  sulfuric  acids  (Ref  2).  Many  other 
methods  of  prepn  are  listed  in  Beil  (Ref  1) 
and  in  Merck  Index  (Ref  3) 

Aurine  is  used  in  small  amt  (ca  0.25%)  as 
a component  of  EC  Propellant  for  Blank 
Cartridges  and  Fragmentation  Hand  Grenades. 
A gravimetric  method  of  aurine  detn  in  EC 
propellant  is  described  in  US  Army  specifi- 
cation No  50-13-8B,  while  a colorimetric 
method  is  given  in  US  Military  Standard  MIL- 
STD-286A(1960) 

A historical  discussion  on  the  nomen- 
clature of  aurine  is  given  in  Beil  8,  361 

Refs:  l)Beil  8,  361,  (671)  & [417]  2)C. 

Zulkowsky,  Ann  194,  109  & 122  (1878); 

202,  179(1880);  Monatsh  16,  358(1895)  3) 
Merck  Index  (1952),  109 

Aurine  Perchlorate,  CigHl4Oj  + HC104  + HaO; 
red  crysts,  forming  on  prolonged  heating  an 
anhydrous  salt.  Was  first  prepd  by  Hofmann 
(Ref  2)  by  treating  aurin  in  AcOH  with  coned 
HCIO4.  It  was  also  obtained  by  Pfeiffer  (Ref 

3) 

Refs : l)Beil  8,  (671)  & 418  2)K.A.Hof- 

mann  et  al,  Ber  43,  184(1910)  3)P. Pfeiffer, 
Ann  412,  333  (1917) 

Aurine,  Azido - Ct9Hi3Ns03  and  Diazido- 
C1BHuNe03  Derivatives  were  not  found  in 
Beil  or  CA  through  1956 

Mono-,  Di-  and  Trinitroaurines  were  not  found 
in  Beil  or  CA  through  1956 

Tetranitroaurine,  Cl9H30(NOa)4O3,  mw  470.30, 

N 11.91%;  brownish  microscopic  needles; 
mp  ca  140°  when  carefully  heated.  It  is  a 
mild  explosive,  sol  in  ale,  nearly  insol  in 
w,  eth,  chlf  or  benz.  Was  prepd  by  treating 
1 part  of  powdered  aurin  with  4 ps  nitric 
acid  (d  1.51)  in  the  cold.  The  positions  of 
the  nitro  groups  are  not  given 

Its  silver  salt,  QjH^NOj^OjAg  is  a mild 
explosive 


Refs:  l)Beil  8,  365  2)E.Ackermann,  Ber 

17,  1625-6(1884)  3)No  later  data  was  found 
in  Beil  or  CA  through  1956 

Aurous  Acetyl ide.  See  Gold  Acetylides  under 
Acetylides 

Aurum  Fulminans  or  Aurum  Tonitruans. 

Old  Latin  names  for  Fulminating  Gold  (qv). 

Ger  names^nallgold  and  obsolete 
"Donnergewaltig  Gold";  Or  fulminant,  in  Fr 

Aust  in  Powder  Co,  Cleveland,  Ohio  was 
established  in  1883  under  the  name  of  Austin 
Black  Powder  Mills  by  L.  Austin(1817-1887) 
and  his  brothers  (Ref  1).  The  plant  manu- 
factures mining  expls  among  them  "Austin 
Red-D-Gel"  (gelatinous  permissible  expls) 
and  "Austin  Red  Diamond"  (nongelatinous 
permissible  expl)  (Ref  2) 

Refs:  l)VanGelder  & Schlatter  (1927),  265 

2)Bebie(1943),  30 

Australian  Ammunition,  Explosives  and 
Weapons.  No  information  at  our  disposal 

Australian  Warplants.  No  information 

Austrian  Ammonal  or  Austrian  Military  Ex- 
plosive. See  under  Ammonals 

Austrian  Ammunition,  Explosives  and 
Weapons.  The  items  used  during  WWII  were 
practically  the  same  as  used  by  the  Germans 
[See  PATR  2510(1958)].  Some  of  the  Austrian 
weapons  were  of  WWI  vintage,  as  for  ex- 
ample: 47/32  mm  Antitank  Gun  Boeler; 

7.65  cm  FK  5/8(8);  7.65  cm  FK  17(d);  8 cm 
1FK  18(d);  10  cm  1FH  14(d);  10  cm  1FH 
14/37(o)  and  10  cm  GebH  16(o).  No  infor- 
mation about  current  items 

Abbreviations:  F — Feld(field);  Geb  — 
Gebirg(mountain);  H — Haubitze(howitzer); 

K — Kanone( cannon);  I - leicht(light);  (o)  — 
osterreichisch(  Austrian) 

Austrian  Propellants  of  WWI.  Compositions 
of  the  following  two  propellants  were  detd 
in  Russia  by  Dr  M.M.Kostevich:  a)NC  (ca 
13-25%  N)  42,  NG  40;  Ba  nitrate  16  & 
vaselin  2%  b)NC  (ca  12.1%  N)  67  NG  26  & 
vaselin  with  diethylphthalate  and  volatiles  7.0% 
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Ai«  Kostcvitchf  g 

private  communication  (1955) 


A lei: 


Austrian  V/arpianis,  Arsenals,  etc*  Dr  w.j. 
Lohninger,  formerly  of  Austria  and  now  at 
P IC— tinny  Ar 7 ?H^  follo^in^ 

war  establishments  operating  in  Austria 
during  WWII:  a)Govt  Explosives  and  Ammu- 

nition Plant  at  Wollersdorf  b)Govt  Arsenal, 
Wien  c)Govt  Proving  Ground  Bruck  und 
Leitha  d)Govt  Proving  Ground  Steinfeld 
(Wiener  Neustadt)  e)AG  Dynamit  Nobel, 

ni c.  t i x\n 

ty  x tit  j x~  i anc  aL  ^ l i_.aiuuici.iiL  i/uuuuau 

Chemie  AG,  Moosbierbaum  g)Eisenwerke 
Oberdonnau.  Linz  h)Gebriider  Bohler  AG 
with  Plants  at  Deutschendorf,  Kopfenberg, 

St  Egidy,  St  Marein,  Waidhofen  and  Wien 

i) Krupp  Metallware  Werk,  Berndorf  (Wien) 

j) Metallwerke  Plansee  Reutte,  Tyrol  k) 
Nibeiungenwerke,  St  Valentin  i)3ceyr- 
Daimler-Puch  AG,  Wien  with  Plants  at  Wien, 
Steyr*  L in z snd  Grsz 

No  information  at  our  disposal  about  the 
current  war  establishments 


Authorized  or  Acceptable  Explosives  are 

t^osc  which  conform  to  ccrt-in  rc^ulntic n s of 
transport,  safety  in  handling,  etc.  They  are 
to  be  distinguished  from  permissible  (Brit 
permitted)  expls.  Both  kinds  authorized  and 
permissible  expls  belong  to  the  class  of 
safety  expls 

Ref:.  D a vis(  1943),  347 

Autoclaves  are  thick- walled  steel  cylindrical 
vessels,  designed  to  withstand  very  high 
pressures.  They  are  used  for  prepn  of  some 
products  and  for  the  study  of  reactions  at 
high  pressure  and  high  temp.  The  contents 
of  autoclaves  may  be  agitated  either  by 
rocking  the  autoclave  or  by  a mechanical 
agitator,  such  as  turbine  type,  placed  inside 
jUa  Hc2.t or  cooling  msy  be 

accomplished  by  a jacket  (with  circulating 
liquid),  by  internal  coils,  or  by  electrical 
resistance  wires  (or  strips) 

Refs:  DThorpe  1(1937),  550-8  2)D.M. 

Newitt,  '‘Design  of  High  Pressure  Plant  and 


Properties  of  Fluids  under  High  Pressures,** 
Clarendon  Press,  Oxford  (1940)  3)D.B. 

Gooch,  IEC  35,  927-46(1943)  (Description  of 
various  autoclaves  for  high-pressure  re- 
actions) 4)Riegel,  Chem  Machinery  (1944), 

1 r\  1 rv  * * /t  n/rj\  1?  r\~\  1 

<io H-y*t  J)\ Jiua*  uizionaiiv  \,±y*toj>  jy^j 

6)Perry  (1950),  1256-7  7)A.H. Thomas 

Catalog  (I950V  56-6I  Sc  231  8)K. Thormann, 

ChemlngTech  24,  689-92(1952)  (Pressure 
and  vacuum  technique)  9)Kirk  & Othmer  11 
(1953),  102  10)E.Kuss  ChemlngTech  28, 
141-52(1956)  (Review  on  autoclaves,  etc) 

(62  refs) 


Autofrettage;  Self-Hooping  or  Cold-Working 

(Autofrettage  in  Fr;  Kaitrecken  in  Ger; 
Samoskrepleniye  Stvola,  in  Rus).  Auto- 
frettage is  a process  for  manufg  gun  barrels, 
in  which  the  inner  surface  layers  of  a plain 

1 ej<  r>  2]  |y  Cfrjoc  op/J  ky  A yp  qricii’in 

using  high  hydraulic  pressure  beyond  the 
elastic  limit  which  would  be  reached  by  the 
explosion  of  any  charge  to  be  used  sub- 
sequently in  the  gun.  In  this  process,  the 
inside  diam  of  the  gun  can  be  permanently 
enlarged  ca  6%  while  the  outside  diam  en- 
larges ca  1% 

Autofrettage  is  also  used  for  strengthening 
the  walls  of  tubes,  cylinders,  pressure 
vessels,  etc  and  it  is  claimed  that  it  nearly 
doubles  the  elastic  strength  of  the  walls 


Refs:  1)A.E. Macrae,  "Overstrain  of  Metals 
and  Its  Application  to  the  Autofrettage  Proc- 
ess of  Cylinder  and  Gun  Construction,’* 
HMSO,  London(1932)  2)L.GentiI,  MAF  15, 
313-45(1936)  3)G.de  la  Chaise,  MAF  15, 
811-940(1936)  4)E. Bergeron,  MAF  15,  941- 

AO/1  C\2/l\  C \n  1 LiAT  1C  1A- 7 Si  A o. 

j ;r  .ivitu 4* v ci*  m/LJL  j'-t  c x 

1003*1061(1915)  6)T.J. Hayes,  "Elements 
of  Ordnance."  Wiley,  NY(1938).  164-7  7) 

T, Lyman,  Edit,  "Metals  Handbook,”  Amer 
Soc  for  Metals,  Cleveland,  Ohio(1948),  2 & 
250  8)Perry(1950),  1241  9)Merriam- 

Webster’s  Unabridged  Dictionary(195 1),  186 
10)  j.G.  Header  son  & j.M. Bates,  "Metal- 
lurgical Dictionary,"  Reinhold, NY(195 3),  28 


Autogenous  Ignition;  Autoignition;  Self- 
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ignition;Spontaneous  Ignition.  See  under 
Ignition 

Auto  ignition  Temperatures  of  Organic  and 
Inorganic  Powders  in  Air  was  determined  by 
D. Costa  et  al,  Chimica  e Industria(Milano), 

34,  645-54(1952);  CA  47,  12817(1953) 

Automatic  Arms.  See  under  Automatic 
Weapons 

Automatic  Computors  and  Calculators.  Com- 
puting mechanisms  are  of  two  distinct  types: 
(a)arithmetical  or  digital  computors  and  (b) 
continuously  acting  (geometrical)  or  analog 
computors  that  range  from  simple  cams  and 
levers  to  enormously  complex  devices.  The 
latter  have  been  used  for  the  direction  of 
naval  and  antiaircraft  gunfire  (Ref  1,  p 1), 
and  both  types  of  computers  assist  mate- 
rially in  ballistic  and  thermochemical  cal- 
culations and  other  means  of  evaluating  ef- 
fects of  propellants  and  explosives 

Following  is  a partial  list  on  automatic 
computing  machines: 
l)A.Svoboda  & H.M. James,  "Computing 
Mechanisms  and  Linkages,"  McGraw-Hill, 
NY(1948)  2)A.D,Booth  & K.H.Booth, 
"Automatic  Digital  Calculators,"  Academic 
Press,  NY(1953)  3)W. Soroka,  "Analog 

Methods  in  Computation  and  Simulation," 
McGraw-Hill,  NY(1954)  4)C. A. A.Wacs, 
"Introduction  to  Electronic  Analogue  Com- 
puters,” Pergamon  Press,  London(1955) 
5)N.Chapin,  "An  Introduction  to  Automatic 
Computers,”  Technology  Center, Chicago, 
111(1955  ) 6)US  National  Bureau  of  Standards, 
"Computer  Development(SE AC  & DYSEAC) 
at  the  NBS,"  Govt  PrntgOff,  Washington 
(1955)  7)E.C. Berkeley  & L.Wainwright, 

"Computers,  Their  Operation  and  Appli- 
cation," Reinhold,  NY(1956)  8)C.L, 

Johnson,  "Analog  Computer  Techniques," 
McGraw-Hill,  NY(1956)  9)G.A.Korn  & Th. 
M.Korn,  "Electronic  Analog  Computers," 
McGraw-Hill, NY(1956)  10)M.V.  Wilkes, 

"Automatic  Digital  Computers,"  Wiley, NY 
(1956)  II)R.K.Livesley,  "An  Introduction 
to  Automatic  Digital  Computers,"  UnivPress, 


Cambridge,  Mass(1957)  12)W. J.Karplus, 

"Analog  Simulation  Solution  of  Field  Prob- 
lems," McGraw-Hill,  NY(1958)  13)F.L. 

Alt,  "Electronic  Digital  Computers," 
Acadamic  Press,  NY(1958)  14)E.M. 

McCormick  "Digital  Computer  Primer," 
McGraw-Hill,  NY(1959)  l5)J.N.Warfield, 
"Introduction  to  Electronic  Analog  Com- 
puter," Prentice-Hall,  Englewood  Cliffs, 
NJ(1959)  16)S. Williams,  "Digital  Com- 

puting Systems,"  McGraw-Hill, NY(1959) 

I7)S. H.Holiingdale,  "High  Speed  Computing,” 
The  English  Universities  Press,  London 

(195  9) 

Automatic  Control.  See  under  Automation 

Automatic  Feed  Mechanism.  A mechanical 
arrangement  in  an  automatic  weapon  which 
repeatedly  inserts  fresh  cartridges  in  po- 
sition for  firing 

Ref:  Same  as  under  Automatic  Weapon(qv) 

Automatic  (Self-Acting)  Weapon.  A weapon 
that  acts  by  itself  without  application  of 
power  from  an  outside  source.  This  may  be 
accomplished  either  by  employing  propel- 
lent gas  pressure,or  force  of  recoil  and 
mechanical  spring  action  for  ejecting  the 
empty  cartridge  case  after  the  first  shot, 
loading  the  next  cartridge  from  the  magazine, 
firing  and  ejecting  this  cartridge  and  re- 
peating the  above  cycle  as  long  as  the  firing 
mechanism  is  held  in  the  proper  position  and 
there  is  ammunition  in  the  magazine.  Machine- 
gun,  heavy  and  light  are  typical  examples 
of  automatic  weapons 

The  semi-automatic  is  similar  to  the  auto- 
matic but  the  trigger  must  be  pulled  for  each 
round  fired.  Many  automatic  weapons  are 
designed  to  permit  semi-automatic  fire 
Besides  machine-guns  there  exist  auto- 
matic and  semi-automatic  small  arms,  such 
as  machine- rifles  and  machine-pistols 
The  so-called  contact  mine  belongs  also 
to  the  class  of  automatic  weapons 

Refs:  l)Hayes(1938),630  2)M.M.  Johnson, 

Jr  & Ch.T. Haven,  "Automatic  Weapons,  Their 
History,  Development  and  Use,"  W. Morrow, 
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NY(1943)  3)M.M.  Johnson,  Jr  "Rifles  and 

w I * )l  ITI  11  ill  1/1  A/iV  T 1 rt 

ivjacnmc  ouns,  w.ivjorrow, n i j-ao- 

223  4)M.M.  Johnson,  Jr  & Ch.T. Haven,  ” 

Automatic  Weapons  of  the  World,**  W^Morrow, 

Tv  1 (1946)  5)G.M.Chinn,  "The  Machine  Gun,” 
Bur  of  Ordn,  Dept  of  the  Navy,  US  Govt  Prtg 
Off,  Washington,  DC  (vol  1(1951))  (Vols  2 
& 3 are  conf)  6)G,M.Chinn,  "The  Machine 
Gun,"  US  GPO,  Washington,  voi  4(1955)  7) 

W.H.B. Smith,  "Small  Arms  of  the  World,’* 

u:ic i_i  n„/i 

vicv-i  uugv-<v/j  uouiouui^  x.  a.\  j.  y j S 

81,193,196,204  & 208  8)G.Baillard,  MAF 
30,  383-509(1956)  Cindmatique  des  armes 
automatiques)  9)A.B. Shilling,  PicArsn; 
private  communication(1960) 


Automation;  Automatic  Control;  Automatic 
Process  Control.  Automation  is,  according 
to  definition  given  in  Ref  19,  the  technique 
of  improving  human  productivity  in  the  proc- 
essing of  materials  energy  and  information 
in  utilizing  in  various  degrees,  elements  of 
automatic  control  and  or  automatically  exec- 
uted product  programming.  Automatic  control 
consists,  according  to  the  definition  given 
by  Perry  (Ref  6),  of  maintaining  within  limits, 
or  altering  in  predetermined  manner,  the 
energy  and  sometimes  the  material  balance 
of  matter  undergoing  treatment  in  a process. 
The  process  is  controlled  automatically  by 
measuring  the  state  of  a selected  process, 
variable,  either  continuously  or  at  frequent 
intervals,  and  then  correcting  the  impur  of 
energy  or  material  to  maintain  the  value  of 
the  variable  within  acceptable  limits 

For  more  information  on  this  subject,  con- 
sult some  of  the  following  references 
1)J.C. Peters  & Th.R. Olive, ChemMetEngrg 
50,  93-107  (May  1943)  (Fundamental  princi- 
ples of  automatic  control)  2)Editorial  Staff 
Review,  Ibid  50,  10 3- 24  (May  1943)  (Instru- 
ments for  measuring  and  controlling  process 
variables)  3)Editorial  Staff  Review,  Ibid 
50,  125(May  1943)  (Automatic  control  ther- 
minology)  4)E.S, Smith,  "Automatic  Control 
Engineering,"  McGraw-Hiil,NY(1944)  5) 
D.P.Eckman,  "Principles  of  Industrial  Proc- 
css  Control/'  W 11  cy 3NY (1  ^45)  6)Psrry 
(1950),  1309-40(Fundamentals  of  automatic 


control)  6)P.E. Nixon,  "Principles  of 


(1953)  7)I.Flugge-Lotz,  "Discontinuous 
Automatic  Control.  M PrincetonUnlyPress. 
Princeton, NJ(1953)  8)M.H.LaJoy,  "In- 
dustrial Automatic  Controls,”  Prentice- 
Hall,  NY(1954)  9)S. Furman,  "A  Selected 

Bibliograph  on  Automation,”  Special  Librar- 
ies Association, NV(I954)  10)A.  j.  Young, 

"An  Introduction  to  Process  Control  System 

^ „ ’ > i . r 

ll)W.F.Wade  & E.N.Kemler,  "Automatic 
Control  Bibliography”  Spring  Park,  Min- 
nesota(1955)  ~12)d’.0. Woodbury,  "The  Full 
Story  of  Automation,”  Harcourt, Brace, NY 
(1956)  13)N.H.Ceglske,  "Automatic  Proc- 
ess Control  for  Chemical  Engineers,”  Wiley, 
NY(i956)  14)Magnus  Pyke  "Automation,  Its 
Purpose  and  Future,”  Philosophical  Library, 
NY(1957)  15)Kirk  &>.  Othmer,  1st  Supple- 
ment (1957),  88-103(20  refs)  16)W.G. 
Holzbock,  Automatic  Control:  Principles 
and  Practice, ” Reinhold, NY(1958)  17)R.L. 

Cosgriff,  ‘‘Nonlinear  Control  System,” 
McGraw-Hill, NY(i958)  l8)D.P.Eckman, 
‘‘Automatic  Process  Control,”  Wiley, NY 

/ i r\e  o\  t r\\s-*  i t Ml  T7J!^  £ 

\LyjO)  AJUiij  lyiiiiuu aiy  ui 

Guided  Missiles  and  Space  Flight,” 
VanNostrand,NY(1959);69  20)Russian  Pub- 
lications on  Automation  and  Automatic  Con- 
trol, translated  into  English,  may  be  obtained 
from  the  Consultants  Bureau,  Inc,  227 
W 1 7th  St,  New  York  11,  NY 


Autopropulsion  or  Propulsion  par  reaction. 

French  term  indicating  reaction  engines 
carrying  as  a source, of  energy  not  only  a 
combustible  substance  (carburant)  but  also 
an  oxi di zer (combui aiit ).  The  fuels  used  in 
such  engines  are  called  propergols  and  the 
devices  that  utilize  the  principles  of  auto- 
propulsion are  called  "engins  autopropuls^s.  ” 
The  Ger  weapon  V-2  was  driven  by  such  a 
motor  (See  also  Jet  Propulsion  and  Reaction 
Motors) 

Refs  (French):  1)P. Blanc, MAF  20,  877-1004 

(1946)  & 21,  885-1006(1947)  2)J.J.Barre, 

MAF  22,  323-76(1948)  3)j.Oudin,  MAF  22, 
379-412(1948)  4)J.Fauveau,  MP  31,  287-305 
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(1949)  5)P. Blanc,  MAF  25,  103-16(1951) 
6)P.Carriere,  MAF  25  , 253-360(1951)  7) 

E.Roth,  MAF  30,  551-5(1956)  8)H.Moreu, 
MAF  32,  405-35(1958) 

Autopropulsive  Devices.  See  Jet  Propulsion 
and  Reaction  Motors 

Autoxidation  is  a low-temperature  oxidation 
of  a substance  (usually  a liquid)  by  the 
atmosphere  without  the  aid  of  other  oxidizing 
agents,  but  requiring,  in  many  cases,  the 
presence  of  inductors  for  initiation  of 
oxidation 

For  detailed  description  of  mechanism 
of  autoxidation  see  Refs  1,3,5&6 

The  process  of  autoxidation  was  used 
during  WWII  by  the  Germans  for  manuf  of 
some  chemicals,  among  them  hydrogen 
peroxide  (Ref  2) 

Evans  (Ref  4)  discussed  expln  hazards 
of  autoxidized  solvents 
Refs:  l)J.L.Bolland,  Quarterly  Revs  3,  1- 

21(1949)  2)Kirk  & Othmer  7(1951),  735  and 
9(1952), 677  3)L. Bateman,  Quarterly  Revs 

8,  147-67(1954)  4)A.G. Evans,  jRoylnst- 
Chem  80,  386-9(1956)  5)H.E.De  La  Mare 
& W.A. Vaughan,  jChemEduc  34,  64-70(1957) 
6)G. A. Russell,  JChemEduc  36,  111-18(1959) 

Autoxygen  Company  Process  of  Nitration. 

The  Autoxygen  Company  of  New  York,  NY, 
during  WW  II,  proposed  a method  of  nitration 
of.  substances  which  it  claimed  would  elimi- 
nate the  use  of  sulfuric  acid,  reduce  the 
proportion  of  nitric  acid  to  material  nitrated, 
and  eliminate  the  necessity  for  reworking 
spent  acid 

In  this  process,  the  material  to  be  nitrated 
is  dissolved  or  suspended  in  an  inert  sol- 
vent which  form  azeotropes  with  water  (such 
as  petr  eth,  CC14,  etc)  and  treated  with  coned 
nitric  acid  under  such  conditions  that  water 
formed  during  nitration  is  removed  as  an 
azeotrope.  Dilution  of  nitric  acid  is  thus 
avoided.  The  azeotrope  which  distills  at 
the  temp  of  nitration  is  cooled  by  conden- 
sation and  the  solvent  minus  the  water  is 
continuously  returned  to  the  nitrating  vessel. 


After  the  nitration,che  solvent  is  removed  by 
distillation,  leaving  as  residue  the  nitrated 
product  plus  unused  nitric  acid 

This  method  was  investigated  at  PicArsn, 
Dover,  NJ  and  found  to  have  only  a very 
limited  application  (Ref  1).  The  azeotropic 
method  seems  to  be  suitable  for  nitration  of 
benzene  (Ref  2) 

Refs:  1)H.A.  Aaronson,PATR  1164  & 1209 

(1942)  2)D.F. Othmer  et  al,  IEC  34,  286-91 
(1942) 

Autozone.  G.M. Schwab,  IJmschau  1922,  538-9 
& CA  17,  468(1923)  coined  this  word  for  an 
isomer  of  ozone,  which  does  not  seem  to 
exist.  The  word  " autozone”  could  not  be 
found  in  Mellor's,  Kirk  & Othmer’s,Ulmann’s, 
Hackh’s,  CondChemDictionary  nor  CA’s 
indices  except  the  one  referring  to  17,  p 468 

AUV.  A cast  double-base  propellant.  It  is 
described  in  conf  "Propellants  Manual,” 
SPIA/M2,  (1959),  Unit  No  451 

Auxiliary  Booster.  See  under  Booster 

Auxoexplose  or  Auxoplosophore;  Explosophore 
or  Plosophore.  According  to  Lothrop  & 

Handrick  (Ref  3),  Pletz  (Ref  1)  proposed  the 
theory  of  explosopbores  and  auxoexploses 
analogous  to  the  Witt  theory  of  chromophores 
& auxochromes  and  to  the  Ehrlich  theory  of 
toxophores  and  autotoxes 

According  to  the  Pletz  theory  the  expl 
props  of  any  given  substance  depend  upon 
the  presence  of  definite  structural  groupings 
called  explosophores,  while  the  auxo- 
exploses modify  or  fortify  the  expl  props 
brought  about  by  explosophores 

On  the  basis  of  this  theory  Pletz  examined 
eleven  classes  of  organic  compds  and  sub- 
divided all  expls  into  the  following  eight 
classes  contg  explosophores: 

a) -NOj  and  — ONOa  groups  connected  to  inorg 
or  org  radicals  [eg:  HN03,  C(NOa)a, 

QH5  (0N03)s  & QHj(N03)j] 

b) — N=N—  and  -N-N  [eg:  Pb(N3)a  & CH,NS] 

\ // 

N 

c) -NX2  group  (eg:  NC13  & RNC!a) 
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d) C=N-group[eg;HONC  & Hg(ONC)a] 

e) — 0C102  & — OCIOj  groups(eg:KC103, 

KC104  and  org  chlorates  and  perchlorates) 

0— O—  0—  & — O— 0— O— groups(eg:  peroxides 
& ozonides) 

g) — C:C— group(eg:  acetylene  or  its  derivs) 

h) A  metal  atom  connected  by  an  unstable  bond 
to  the  carbon  of  certain  org  radicals  (eg: 

org  compds  of  Hg,  T1  & Pb) 

While  the  arrangement  of  Pletz  embraced 
the  whole  expl  field  in  a purely  empirical 
fashion  the  distinction  betw  the  terms  explo- 
sophore  and  auxoexplose  was  not  clearly 
defined.  This  was  done  later  in  the  US, 
mostly  under  the  direction  of  Dr  A.H.Blatt 
as  a wartime  project.  The  object  of  this  work 
has  been  the  collation  and  classification  of 
information  through  relationships  which  exist 
betw  org  structure  and  the  expl  props  of 
HE’s  which  are  of  interest  in  military  appli- 
cations 

In  the  course  of  this  work  the  term 
plosophore  was  coined  (Ref  2 & Ref  3,  pp 
423-4)  for  a group  of  atoms  which  on  sub- 
stitution into  a hydrocarbon  is  capable  of 
forming  an  expl  compd.  Inspection  of  the 
groups  which  can  function  in  this  way  indi- 
cated that  there  are  two  classes  of  ploso- 
phores,  differing  sharply  in  effectiveness 
and  consistency  in  producing  power  and 
hence  they  were  called  primary  and 
secondary  plosopbores 

Primary  plosopbores  Include  the  following 
groups:  nitrate  ester,  aromatic  nitro, 
aliphatic  nitro,  and  nitramines;  while  the 
secondary  plosophores  include  the  remainder, 
such  as  azo,  azido,  nitroso,  peroxide,  ful- 
minate, chlorate,  bromate,  perchlorate,  per- 
bromate,  etc  groups 

It  was  also  established  that  primary 
plosophores  are  responsible  for  high  power 
and  brisance  of  expls  and  these  are  at  the 
maximum  in  compds  whose  oxygen  balance 
to  C02  (see  under  Available  Oxygen)  is 
favorable  (close  to  zero).  The  relationship 
betw  power  and  oxygen  balance  vanishes 
when  one  considers  secondary  plospbores 
and  further,  with  few  exceptions,  secondary 


plosophores  do  not,  as  a rule,  exceed 
primary  plosophores  as  power-producing 
groups.  Although  the  secondary  plosophores 
cannot  be  recommended  in  the  synthesis  of 
powerful  HE’s,  they  often  impart  desirable 
qualities  of  another  kind,  for  example,  in 
forming  imitiating  expls  Leg  Pb(Ns)j, 
Hg(0NC)J 

When  two  or  more  different  primary  ploso- 
phores are  present  in  a single  molecule,  the 
compd  is  called  hybrid  (eg:  nitrate  & aliphatic 
nitro,  nitrate  & aromatic  nitro,  nitramine  & 
aromatic  nitro).  It  was  established  that 
hybrids  are  as  powerful  (or  more)  as  pure 
types,  although  they  tend  to  exhibit  some- 
what greater  variability.  This  property  of 
hybrids  is  of  importance,  because  it  extends 
enormously  the  synthetic  possibilities  for 
expls 

A very  common  feature  of  many  expls  is 
the  presence  in  them  of  a large  variety  of 
substituent  groups  which  are  not  plosophoric, 
since  they  do  not  in  themselves  produce 
expl  molecules,  but  which  may  be  expected 
to  alter  the  expl  props  in  the  same  way  as 
an  auxochromic  group  is  found  to  vary  the 
intensity  or  shade  of  a dye.  Such  sub- 
stituents are  designated  auxoplosive,  To 
these  belong  hydroxyl,  carbonyl,  chloride, 
sulfide,  ether,  amino,  etc  groups.  Very  often 
their  presence  affects  the  oxygen  balance 
favorably,  but  with  hardly  an  exception 
auxoplosive  groups  are  deterimental  to  power 
whether  or  not  they  improve  oxygen  balance. 
The  chief  justification  for  the  presence  of 
such  groups  in  powerful  expls  is  expediency 
in  synthesis 

Refs:  l)V.Pletz,2hur0bshchKhim  5,  173 

(1935)  2)S.R. Brinkley  & E.B. Wilson,  Jr, 
OSRD  Rept  No  905(1942)  3)W.C.Lothrop 
& G.R.Handrick,  ChemRevs  44,  419-45(1949) 

Auxoplosive  Group,  Same  as  Auxoexplose 
or  Auxoexplosophore 

i* Available  Diphenylamine”  is  the  total 
percentage  of  DPhA  and  derivs  available 
for  stabilization  of  NC  propellants.  The  term 
is  confined  to  the  product  obtained  by  the 
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soda-distillation  method  (see  Available 
Stabilizer)  and  consists  of  residual  DPhA 
of  the  propellant,  plus  the  N-nitrosodiphenyl- 
amine,  converted  by  the  soda-distillation 
treatment  to  DPhA,  and  a small  amt  of  2- 
nitrodiphenylam  ine 

Ref:  E.F. Reese,  private  communication(1960) 

Available  Energy  of  Explosives.  See  under 
Power  of  Explosives 

Available  Ethyl  Centralite.  See  under  Avail- 
able Stabilizer 

Available  HN03  in  mixed  acids  is  equal  to 
actual  nitric  plus  half  the  HN03  equivalent 
of  the  nitrogen  oxides,  calcd  as  N0a  (see 
also  pA81,  under  Acidity  of  Acids) 

Available  Oxygen;  Active  Oxygen;  Effective 
Oxygen;  Oxygen  Balance  to  C02  and  to  CO. 

Available  oxygen  is  oxygen  which  can  be 
utilized  as  an  oxidizer.  The  amt  of  such 
oxygen  depends  on  the  conditions  of  re- 
action. For  instance,  the  amt  of  available 
oxygen  in  KMn04  is  five  for  each  2KMn04 
in  an  acidic  medium  and  only  three  in  an 
alkaline  medium.  Methods  of  detn  of  avail- 
able oxygen  are  given  in  Refs  1 & 5 ' 

Active  oxygen  is  oxygen  which  is  generally 
liberated  in  the  free  state,  expecially  in  the 
presence  of  small  amts  of  alkali,  heavy 
metals,  etc.  Such  oxygen  is  found  in  all 
peroxy  compds.  Two  methods  for  detn  of 
active  oxygen  in  peroxides  are  given  in  Refs 
2 & 3(See  also  p A 101) 

In  many  cases  available  and  active  oxygen 
are  identical 

Oxygen  balance  to  C02  (OB  to  C02)  for 
an  organic  compd,  is  the  percentage  of 
oxygen  required  for  complete  conversion  of 
the  carbon  to  COa,  the  hydrogen  to  Ha0  and 
the  nitrogen  to  Na.  For  any  compd  contg 
x atoms  of  C,  y atoms  of  H,and  z atoms  of  0 
the  OB  to  C02  ° 4 1600(2* + y/2-z))/MolWt. 
Thus  an  expl  having  perfect  OB  to  COa  has 
zero  balance  (eg  NGc),  one  lacking  suf- 
ficient 0 has  a negative  balance  (eg  TNT), 
and  one  contg  excess  O has  a positive 


balance  (eg  A mm  nitroform).  It  is  noted  that 
with  very  few  exceptions  exp  Is  have  de- 
cidedly negative  OB  to  COa 

The  above  method  of  computation  makes 
no  distinction  betw  oxygen  already  bound 
to  carbon  or  hydrogen  and  that  bound  to 
nitrogen.  The  latter  is  termed  in  Ref  4,  the 
effective  oxygen.  It  differs  from  other 
oxygens  in  that  it  is  not  yet  reduced  but  is 
still  available  for  combustion 

Oxygen  balance  to  CO  (OB  to  CO)  of  an 
organic  compd,  is  the  percentage  of  oxygen 
required  for  complete  conversion  of  C to  CO, 
H to  HaO/and  N to  Na.  It  is  calcd  from  the 
formula  — [l600(x  + y/2  - z)]/MolWt.  This 
calcn  is  required  for  compds  used  or  in- 
tended for  use  in  propellants  or  in  industrial 
expls  of  low  brisance,  acting  by  heaving 
action 

Refs:  1)W.W, Scott  & N.H.Furman,  "Stand- 

ard  Methods  of  Chemical  Analysis,*'  Van 
No  strand,  NY(1939),  675  [The  detn  of  avail- 
able oxygen  in  metal  peroxides  is  some- 
times required  on  account  of  their  use  as 
oxidizing  agents  in  various  processes,  such 
as  the  use  of  Mn02  in  manuf  of  chlorine 
from  HC1.  There  are  two  methods  for  such 
analysis:  a)Direct  method  consists  of 
treating  a weighed  amt  of  a peroxide  by  a 
measured  amt  of  a std  reducing  agent,  such 
as  ferrous  sulfate:  MnOa  + 2FeS04  + 2H2S04-* 
MnS04  + Fe2(S04)3  + 2HaO,  followed  by 
titrating  with  std  KMn04  the  excess  of  re- 
ducing agent.  This  gives  the  exact  amt  of 
reducing  agent  required  by  the  peroxide  b) 
Indirect  method  consists  of  treating  a per- 
oxide with  HCl  and  KI,  followed  by  titration 
of  liberated  iodine  with  std  thiosulfate: 

MnOa  + 4HCI  -►  MnCl2  + 2H20  + Cl/;  Cla°  + 
2KI  -►  2KC1  +I2°  and  I?  + 2Na2S2Os  - 2NaI  + 
Na2S406]  2)Lucidol  Division,  Novadel  — 
Agene  Corp,  Buffalo,  NY,  Bulletin  No  9 
(1948)  (Active  oxygen  in  a peroxide  is  detd 
by  treating  its  acetohic  soin  with  aq  KI, 
followed  by  titration  of  liberated  iodine  with 
N/10  NajSjOj)  3)R.Cliegee  et  al,  Ann  565, 
16(1949)  (Active  oxygen  in  a peroxide  is 
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detd  by  adding  it  to  a soln  of  Nal  in  glacial 
AcOH,  previously  freed  from  oxygen  by 
bubbling  pure  C02  gas.  After  allowing  to 
stand  for  30  mins,  the  soln  is  dild  with  Oa- 
free  water  and  the  liberated  iodine  is 
titrated  with  N/10  NajS^Os)  4)W.G.Lothrop 
& G.R.Handrick,  ChemRevs  44,  421(1949) 
(The  relationship  between  performance  and 
constitution  of  pure  organic  compounds) 

5 )H.H. Willard,  N.H.Furman  & C.E.Bricken, 
"Elements  of  Quantitative  Analysis,”  Van 
No  strand, NY(  1956)  2 34- 5 (Avail  able  oxygen 
in  MnOa  is  detd  by  heating  a sample  in  dil 
sulfuric  acid  soln  with  a known  wt  of  Na 
oxalate  until  the  dioxide  has  dissolved: 

MnOa  + H2Cj04  + 2H+-»  Mn++  + 2COa  + 2HaO. 
The  excess  of  oxalate  is  then  titrated  with 
0.  IN  KMn04  soln) 

Avoilable  Stabilizer  (Diphenylamine  and/or 
Ethyl  Central ite)  in  Aged  or  Stored  Propel- 
lants is  determined  by  Method  217. 2(T) 
listed  in  specification  MIL-STD-286 

In  this  method  ca  5g  sample  of  propel- 
lant (previously  cut  into  small  pieces  as  de- 
scribed in  Method  509*3  of  MIL- STD- 286)  is 
placed  in  a 1000  ml  balloon  flask  contg 
100  ml  of  distd  w and  100  ml  of  30%  NaOH 
soln.  After  connecting  the  flask  to  a con- 
denser, adapter,  receiver  (a  750  ml  Erlen 
fl  contg  25  ml  distd  w),  and  a steam  genera- 
tor, the  mixture  is  steam  distilled  until 
350-400  ml  of  distillate  is  collected  in  the 
receiver.  After  adding  to  the  contents  of  re- 
ceiver 5g  NaCl  they  are  transferred  to  a 
separatory  funnel  where  the  stabilizers  are 
extracted  with  ether 

If  only  DPhA  or  only  Et  centralite  is 
present  the  ether  is  evaporated  with  a cur- 
rent of  dry  air  and  the  contents  of  stabilizer 
detd  by  a standard  volumetric  bromination 
described  in  Method  201.1  (in  case  of  DPhA) 
or  in  Method  202.2  (in  case  of  Et  Cent)  of 
spec  MIL -STD- 286 

If  both  stabilizers  are  present,  their  con- 
tents are  detd  by  the  volumetric  bromination 
procedure  described  in  Method  217.2(T)  of 
spec  MIL-STD-286 


Average  Particle  Size  Measurements.  See 

under  Particle  Size  Measurements 

Aviation  Gasoline-Explosive  Characteristics 

of.  Studies  of  the  explosiveness  of  gasoline 
air  mixts  showed  that:  a)Ignition  temps  in- 
creased and  expl  press  decreased  as  the  fuel/ 
air  ratio  varied  towards  the  limits  of  flam- 
mability b)Ign  temp  increased  slightly  and 
the  expl  press  decreased  as  RH  increased 
c)Ign  temp  increased  with  increasing  air  vel 
& increasing  altitude  and  the  expl  press  de- 
creased rapidly  at  alts  above  20000  ft  <j) 

Both  ign  temp  and  expl  press  decreased 
rapidly  at  low  ambient  temp 

Ref:  D.J.Babic  & H.G. White,  Petroleum 

Engr  28,  No  7,  C4 1-4(1956)  & CA  50,  15055 
(1956) 

Avigliana  3 or  Nitramite.  An  ammonal-type 
expl  contg  AN  71-72,  A1  22  & paraffin  or  pitch 
7-6%  ' 

Refs : l)Allied  & Enemy  Explosives (1946), 

84  2)Giua,  Dizionario  2(1949),  165 

Avigliana  Dynamite  Factory,  located  at 
Avigliana,  near  Torino,  Italy  is  one  of  the 
largest  and  best  equipped  factories  in 
Europe.  It  was  founded  in  1872.  See  Nobel 
Societa  Generale  di  Esplosivi  e Munizioni 
(Nobel-SGEM)  under  Italian  Warplants 

Axite.  A Brit  double-base  smokeless,  sporting 
propellant  manufd  by  .Kynoch  Ltd.  It  is 
essentially  Cordite  MD  II  (GC  65,  NG  30  & 

MJ  5%)  to  which  2%  of  K nitrate  has  been 
added  (Ref  2).  Marshall  (Ref  1)  gives  its 
compn  as:  GC  63.1,  NG  29.7,  MJ  with  oil 
5.1,  K nitrate  1.9  & volatile  matter  0.2% 

Refs:  l)Marshal!  1 (1917),  308  2)Barnett 

(1919),  78 

Ax.  Fr  abbrn  for  azote  (nitrogen) 

Aza(Nomenclature).  The  name  aza  is  now 
applied  to  hetero  nitrogen  atoms  occurring 
in  a ring.  In  this  system  of  nomenclature  a 
hetero  oxygen  is  called  oxa  and  sulfur  thia. 
The  compd  commonly  known  as  cyclonite. 
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H2C-N(N02)-CH2 
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hexane,  and  the  compd  known  as  cyclo- 
tetramethylenetetranitramine  or  HMX. 

H2C-N(N02)-CH2 


! 

(o2n)n7 


JN{NOa)  , 


n2Vg— jgN\iNu2;—  <wii2 


may  be  called  l,3,5,7-tetranitro-l,3,5,7- 
tetrazacyclo  octane 

The  aza  nomenclature  is  also  applied  by 
some  to  linear  nitrogen  compds.  For  example, 
the  compd, 

(O2NO)CH2*CH2-N(N03)-CH2-CH2(O-NO2), 
known  as  diethanolnitramine  dinitrate  (DINA), 
may  be  called  i,5-dinitroxy-3-nitro-azapentane 
and  the  compd, 

t 2 3 4 5 6 

CH,-N*CH2‘CH2'N'CHj,  may  be  called  2,5- 

no,  no2 

dinitro-2,5-diazahexane 

Refs:  l)A.M.Patterson,  JACS  55,  3912 

(1933)  2)N.Jones  & G.D.Thom,  Can  JRes 
27B,  832(footnote)  (1949) 

Azacyclo-.  A prefix  indicating  the  presence 
of  a hetero  nitrogen  in  a saturated  carbon 
ring  [See  Aza  (Nomenclature)! 

3-Axa-4-oxa-2-hexene;  2,5,5-Trinitro  or 
2,4,4-TrinitrO’3-aza-2-pentene  3-oxide, 

H3C^C(N02)=N-0-C(N01)2-CHj  or 
H3C-C(N02>=N-C(N02)2-CH3,  mw  222.12, 

6 

N 25.23%.  SI  ye!  crysts,  mp  121.2-121.6®. 

Was  prepd  by  Belew  et  al  from  ammonium  1- 
nitroethaneftiLronate  and  1 , l~dinitioctwaiic 
and  previous  to  this,  it  was  prepd  by  A.D. 
Little  labs  using  aa  K salt  of  1.1-dinitro- 
ethane 

Its  expl  props  were  not  investigated 
Refs;  l)Beil  — not  found  2)J.S. Belew  et 
al,  JACS  77,  1112-13(1955)  & CA  50,  .1648-9 
(1956) 


Azaurolic  Acids  are  compds  represented  by 
the  general  formula  0N-C(R):N-NH‘C(R):N0H 
The  following  azaurolic  acids  or  their 

Jo.:..-  : _L.  i : .l „ _ i 

i a\-ijvo  nu^iR  hum  ap^iu,auuu  m me  c: AJJ1 

industry 

Methyiazauroiic  Acid,  ON‘CH:N*NH*CH:NOH, 
mw  11608,  N 48,27%.  Dk  yel  prisms  (from 

mPt’kannl  \ 1 X nri  fk  r 1 oaI  in 

...  — ,y  ■«!' “ "**■»*  z*» 

w or  ale.  Was  first  prepd  by  Wieland  & 

Hess  (Refs  1 & 2)  on  passing  bromine  vapor 
through  hydrazoformaldoxime  suspended  in 
cold  w 

Its  metallic  salts  are  expl  (Refs  1 & 2) 
especially  the  lead  salt  which  was  patented 

I T>  _il.  _i  . . . Jfs.t  n\  r • i 

uy  j\aui5uuig  j)  ror  use  in  aeconators. 

The  lead  salt  is  more  sensitive  to  friction 
than  MF  (Ref  4) 

Refs:  l)Beil  2,  94  & [89]  2)Wieland  & 

H.Hess,  Ber  42,  4187-8(1909)  3)H.Rathsburg, 
Ger  P 447,459(1916)  4)H.Rathsburg,  ZAngew- 
Chem  41,  1285(1928) 


Note:  No  later  refs  through  1956  were  found 

Ethyiazauroiic  Acid,  ON-C(CH3):N'NH- 
C(CHj):NOH,  mw  144.14,  N 38.87%.  Orn-red 

^ ^ I > T _ t __| 

iiicuiauui^iup  itL  ^acir/T  si  501 

in  w;  appreciably  sol  in  eth  & in  hot  ale; 
nearly  insol  in  chlf.  benz  & ligroin.  Can  he 
prepd  by  reducing  ethylnitrolic  acid  with 
sodium  amalgam  (Refs  1 & 2)  or  by  other 
methods  (Refs  1 & 3) 

Its  expl  props  were  not  investigated 

Refs:  l)Beil  2,  192-3  2)V.Meyer  & E.J. 

Constam,  Ann  214,  330-1(1882)  3)H. Wieland, 
Ann  353,  83-5(iy07)  & Ca  1,  2238(1907) 

Note:  No  later  refs  through  1956  were  found 

“ Azdioxdiazin,”  H2C-N-0,  mw  89.06, 

111 
H N-N-0 

N 47.19%.  Derivs  of  this  hypothetical  high 
nitrogen  compd  were  claimed  to  be  prepd  by 
Jovitschitsch  (Refs  1 & 2),  but  the  existance 
of  such  compds  was  denied  by  Semper  & 
Lichtenstadt  (Ref  3) 

Refs:  l)Beil  27,  789  2)M.Z. Jovitschitsch, 

Ber  30,  2426(1897);  31,  3036(1898) 
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3)L. Semper  & L.Lichtenstadt,  Ann  400,  302 
(1913)  & CA  8,  63(1914) 

Azeotrope.  A iiq  mixt  which  exhibits  a max 
or  minim  boiling  point 

Azeotropic  Disti Motion,  See  under  Azeotropy 

Azeotropy  (I’Azeotropisme,  in  Fr).  Azeotropy 
may  be  defined  as  the  capability  of  a liquid 
to  form  with  other  liquids,  some  mixts,  which 
possess  constant  boiling  points  (max  or 
minim).  An  azeotropic  mixt  resembles  a 
chemical  individual  in  boiling  without  under- 
going  change  in  compn,  but  differs  from  it  in 
losing  this  characteristic  as  soon  as  the 
pressure  is  altered 

According  to  Timmermans  (Ref  2),  M.Berthe- 
lot  discoved  in  1863  that  some  org  liqs  (such 
as  pinene-ethanol)  form  const  boiling  point 
mixts,  but  this  phenomenon  was  already  ob- 
served for  some  inorganic  liqs  in  about  1859 
when  H.E.Roscoe  et  al  distilled  some  aq 
inorganic  acids.  Many  azeotropic  mixts  were 
discovered  since  then  in  the  2nd  half  of  the 
19th  and  the  beginning  of  the  20th  century, 
but  no  industrial  application  was  made  until 
1917,  when  the  Germans  started  to  manuf 
absolute  ethanol  by  azeotropic  distn 

After  WWI  other  European  countries,  than 
Germany,  and  also  US  started  to  use  azeo- 
tropic distn  in  prepn  of  abs  ethanol,  as  well 
as  of  some  other  anhydrous  substances  (such 
as  abs  AcOH)  and  by  the  middle  thirties  the 
method  became  well  established 

Azeotropic  distn  can  be  employed  in  the 
explosives  industry  as,  for  instance,  for 
removal  of  water  formed  during  nitration  (See 
Autogen  Company  Nitration)  and  also  for 
detn  of  water  in  various  liquids  (See  under 
Aquametry) 

Refs:  l)V.Grignard,  "Traite  de  Chimie 

Organique,"  Masson,  Paris,  tome  1(1935), 
154,156  & 165  2)J. Timmermans,  "Les 

Solutions Concentrees"  (Theorie  et  appli- 
cation aux  melanges  binaires  de  composes 
organiques),  Masson,  Paris(1936)  (Included 
are  numerous  Tables  of  azeotropic  mixts,  as 
for  instance  on  pp  127,171,214,245,287,377, 


418,454,495  & 543)  3)R.H.  Ewell  et  al, 

IEC  36,  871-5  (1944)  (Azeotropic  distn)  (14 
refs)  4)R.H. Ewell  & L.M. Welch,  IEC  37, 
1224-31(1945)(Rectification  in  ternary  systems 
contg  binary  azeotropes)  (8  refs)  5)L.H. 
Horsley,  Anal  Chem  19,  508-600(1947) 

(Tables  of  azeotropes  and  non-azetropes) 

(172  refs)  6)H.S.Nutting  & L.H.Horsley, 

Anal  Chem  19,  602-3(1947)  (Graphical  methods 
for  predicting  effect  of  pressure  on  azeo- 
tropic systems  7)M.Lecat,  "Tables  Azeo- 
tropiques,”  tome  I (Azeotropes  binaires 
orthobares),  Bruxelles  (1949);  may  be  ob- 
tained from  the  author  29,  rue  Auguste  Danse, 
Ucele-Bruxelles,  Belgium(Data  for  230  azeo- 
tropes of  nitrocompds  with  other  org  compds) 
8)Kirk  & Othraer  5(1950),  175-9  (under  Dis- 
tillation by  E.G.Scheibel)  9)A.Weissberger, 
"Physical  Methods  of  Organic  Analysis," 
Interscience,  NY,  4(1951),  356-85(Azeo- 
rropic  Distillation  by  C.S.  Carl  son)  10) 
Ullmann  1(1951),  43 Iff  (Destination)  11) 
M.G.Larian,  "Fundamentals  of  Chemical 
Engineering  Operations,"  Prentice-Hall, 
Englewood  Cliffs,  NJ(1958),  415-21 

Azete  (Azacyclobutadiene  or  Pyriculine), 
N=CH.  This  four-membered  nitrog en-contg 

I I 

HC=CH 

heterocyclic  compd  was  reported  to  be  ob- 
tained by  Abderhalden  & Paquin  (Ref  2). 
According  to  Gensler  (Ref  3)  the  cmpd  obtd 
by  A&P  was  not  azete  but  probably  ally- 
lamine 

Elderfield  (Ref  4)  lists  azetidine,  1- 
azetine  and  azetidinones  as  derivs  of  azete 

Refs:  l)Beil  — not  found  2)E. Abderhalden 

& M.paquin,  Ber  53,  1137(1920)  & CA  14, 
3656(1920)  3)W.J. Gensler,  JACS  69,  1966 
(1947)  & CA  41,  6873(1947)  4) R.C. Elder- 
field,  Edit,  "Heterocyclic  Compounds," 
Wiley,  NY  (1950),  Chapter  3 "Derivatives  of 
Azete”  by  S.A.Ballard  & D.S.Melstrom,  pp 
80  & 116-18 

AZETIDINE  AND  DERIVATIVES 

Azetidine  (Trimethyleneimine  or 


Cyclotrimethyleneimine),  H N— CH2, 

i i 

h2c-ch2 


mw  57.09,  N 24.53%.  Lia.  bp  63°  at  748  mm; 
miscible  with  w & ale.  Was  first  described 
in  1888  (Ref  1,2&4),  but  was  not  isolated  in 
pure  state  until  1899  (Refs  1,3&4).  An  im- 
proved method  of  prepn  of  azetidine  is  re- 
ported in  Ref  5 

Refs:  l)BeiI  20,  2-3  2)S. Gabriel  & J. 

n»J  • «-»  <5 1 -»/ 1 A'  ti  1 

weinei,  oer^i,  io/o-  /\,iooo>  v~.no  war  a 

& W.Marchwald,  Ber  32,  2032-4(1899)  4) 


RsC.Elderfield,  Edit,  "Heterocyclic  Com- 
pounds,” Wiley,  NY,  vol  1 (1950)  5)F.C. 

Schaefer,  JACS  77,  5929(1955)  & CA  50, 
8669(1956) 


Azido-,  CSH*N4  and  Diazido~,  CSHSN, 
Derivatives  of  Azetidine  were  not  found  in 
Beil  or  CA  through  1956 

l-Nitrosoazetidine  or  N-Nitrosotrimethyleni- 
mine,  ON-N— CH2,  mw  86.09,  N 32.54%.  Lt 

H2C-CH2 

yel  oil;  bp  196-7°;  miscible  with  w.  Was 
prepd  by  heating  azetidine  with  NaN02  in 
dil  AcOH.  Its  expl  props  were  not  examined 
Refs:  l)Beil  20,  3 2)C.C.Howard  & W.W. 

Marckwald,  Ber  32,  2035(1899) 

Note : No  later  refs  were  found  in  CA  through 
1956 


Nitroazetidine , C3H$N202  — was  not  found 
in  Beil  or  CA  through  1956 


Dinitroazetidine  or  Dinittotrimethyleneimine, 
CsH5N,04,  mw  147.09,  N 28.57%.  The  fol- 
lowing isomer  is  found  in  the  literature 


3,3-DinjtrMieticl 

N28.57%; 


rw*_  H N-CH- 

I I 

H2C-C(N02)2 


> mw  149-09, 


was  obtained  from  2,2-dinitro-i,3-propanedioi 
and  aq  ammonia 


Refs:  l)Beil  — not  found  2)R.Schenck  & 

G. A,  Wetterholm,  SwedP  148217(1954)  & CA 


cn 


t icd  t *72  i AKon  a*<\ 


2-Azetidinone  (2-Ketotrimethyleneimine), 


HN-CO  ; 2,4-Axetidinedione,  HN— CO 

HaC-CH2  OC-CH2 

and  1-Azetine.  N=CH  are  derivs  of  azete 
\ I 

h2c-ch2 

and  are  known  oniy  in  the  form  of  derivs 

Ref:  R.C.Elderfield,  Edit,  "Heterocyclic 

Compounds,”  wiiey,  NY(1950),  98-115 
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AZIDES,  INORGANIC 

Azides;  Trinitrides  or  Trio zootes  (formerly 
called  Azoimides)  are  the  salts  of  hydra- 
zoic  acid,  HN,.  This  acid  is  a little  stronger 
than  acetic  acid.  The  — Ns  radical  in  HNj  re- 
sembles the  chloride  ion  (Cl  ) in  its  chem- 
ical behavior.  Hydrazoic  acid  was  first 
prepd  by  Curtius  (Ref  1)  by  the  reaction  of 
nitrous  acid  with  hydrazine.  For  addnl  info 
see  Hydrazoic  Acid.  Azides  may  be  divided 
into  two  main  classes:  inorganic  and  organic. 

The  org  azides  and  the  complex  azide  compds 
are  listed  under  their  indvdl  names  as  given 
in  CA.  Inorg  azides  are  described  below. 

Due  to  their  extreme  sensitivity  only  a few 
azides  are  suitable  for  use  in  the  expl  in- 
dustry (Ref  3)>  The  prepn  and  props  of  most 
known  azides  are  described  in  the  general 
Refs  2,4,5,6,8,9,10,11, 12,14,15,17,18,19,25  * 
&27;  their  structure  and  stability  (Refs  13, 
14a,25&26);  their  sensitivity  to  initiation  by 
impact  and  heat  (Refs  7,8,20&21);  their 
thermo chemisty  (Refs  23&24);  the  theory  of 
decompn  (Refs  !6&16a);Raman  spectra  (Ref 
18a)jand  their  analytical  determn  (Ref  22) 
are  described  in  the  references  indicated 

Refs:  1)T. Curtius,  Ber  24,  3341(1891)  2) 
W.Wislicenus,  Ber  25  , 2 084(1892  ) 3)M. 
Berthelot  & P.Vielle,  MP  8,  7-16)1895-6); 
L.Chenel,  MP  8,  17-24(1895-6)  4)T.Curtius 
& J.Rissom,  JPraktChem  58,  269&295(1898) 

& JCS  76  II,  90-2(1899)  5)L.Dennis  & 

H.  I sham,  Ber  40,  458(1907)  6)L.  Wohler 
& W.Krupko,  Ber  46,  2045-57(1913)  7)L. Wohler 

& F. Martin,  ZAngChem  30  I,  33-9(1917)  & 

JSCI  36,  570(1917);  CA  II,  3432(1917)  8) 

L.  Wohler  & F.Martin,  Ber  50,  586*96(1917)  & 

JCS  112  I,  383-4(1917);  CA  II,  2900(1917)  9) 

L. Wohler  & F.Martin,  SS  12,  1-3,18-21,39-42, 
54-7&  74-6(1917)  & CA  12,  629(1918)  10) 

Marshall  2(1917),  687  ll)MelIor  8(1928), 

344-56  12)A.Haid  et  al,  Jahresber  CTR  8, 
102-8(1931)&CA  26,  3669(1932)  13)A.Hamzsch. 
Ber  66,  1349(1933)  & CA  28,  985(1934)  14) 

L.F. Audrieth,  ChemRevs  15,  169-224(1934) & 

CA  29,  700(1935)  14a)J.H.deBoer,  Chem 
Weekblad  31,  729-32(1934)  & CA  29,  2826(1935) 


15)Thorpe  1,  (1937),  562  16)N.F.Mott,  Pr 
RoySoc  172A,  325-35(1939)  & CA  33,  8502 
(1939)  16a)N.F.Mott,  PrRoySocl72A,  325- 
35(1939)  l7)P.Sah  et  al,  JChineseChemSoc 
13,  22-76(1946)  & CA  42,  148(1948)  18)P. 

Sah  et  al,  JChineseChemSoc  14,  52-64(1946) 

& CA  43  , 7446(1949)  18a)L.Kahovec  & K.W. 
Kohlrausch,  Monatsh  77,  180-4(1947)  & CA 
42,  6666(1948)  l9)Kirk  & Othmer  2 (1948), 
213-4  20)F.P. Bowden  & H.T.Williams,  Pr 

RoySoc  208A,  176-88(1951)  & CA  46,  5844 
(1952)  21)A.D.Yoffe,  PrRoySoc  208A,  188- 
99(1951)  & CA  46,  5845(1952)  22)L.P. 
Pepkowitz,  AnalChem  24,  900-1(1952)  & CA 
46,  7940(1952)  23)P.Gray  & T.Waddington, 
PrRoySoc  235A,  106-19(1956)  & CA  50,  12627 
(1956);  PrRoySoc  235 A,  481-95(1956)  & CA 
50,  15203(1956)  24)T.Waddington  & P.Gray, 
"ComptRend  27e  ConglnternlChimlnd", 
Bruxelles(l954),  3 & IndChimBelge  20,  Spec 
NO,  327-30(1955);  CA  50,  16328(1956)  25) 
B.L. Evans  & A.D.Yoffe,  PrRoySoc  238A, 
568-74(1957)  & CA  51,  15129(1957)  26) B.L. 
Evans,  ProcRoySoc  246A,  199-203  (1958)  & 
CA  52,  21106(1958)  27)H.Rosenwasser,  US 
ArmyEngrRes  & DevelopLabsRpt  1551-TR, 
72pp  (1958),  "Hydrazoic  Acid  and  the  Metal 
Azides"  (a  literature  survey)  28)B.L. Evans 
A.D.Yoffe  & P.Gray,  "Physics  and  Chemistry 
of  Inorganic  Azides,"  Chem  Reviews,  59, 
515-68(1959)  (160  refs)  29)J.Krc,  Jr  & T.  A. 
Erickson,  "investigation  of  Crystallographic 
Properties  of  Primary  Explosives,"  Armour 
Research  Foundation  Quarterly  Progress 
Rept  Nos  1-3  and  Final  Rept  No  3130-4,  May 
1,  1958  through  May  1,  1959  (Study  of  crystn 
of  LA  under  various  conditions  of  manuf) 
30)G.Todd  & E.Parry,  "The  X-Ray  Decompo- 
sition of  Alpha  Lead  Azide,"  ARDE  Rept 
No  (MX)  17/59,  July  1959  (Complete  destruc- 
tion of  LA  can  be  achieved  by  exposing  it  to 
strong  radiation,  such  as  a dose  of  3.35  x 
10“ r) 
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LIST  OF  INORGANIC  AZIDES 

Aluminum  Triazide,  (formerly  called  Aluminum 
Azoimide)  A1(N3)3,  raw  153-04,  N 82.38%;  Wh 
crysts,  sol  in  tetrahydrofuran,  insol  in  eth  or 
benz,  hydrolyzed  by  w(Ref  3).  Prepd  in  quant 
yield  by  adding  an  eth  soln  of  excess  HNS  to 
a frozen  ether  soln  of  A1H3  and  thawing(Ref  3). 

A tetrahydrofuran  soln  of  A1(N3)3  Prepd  by 
reaction  of  A1C13  and  NaN3  in  benz,  and  ex- 
traction with  tetrahydrofuran.  When  the  tetra- 
hydrofuran soln  of  A1(N3)3  was  boiled  under 
reflux  with  phenyl  cyanide  for  25  hrs,  the  pro- 
duct after  decompn  with  HC1  gave  76.5%  yield 
of  5~phenyltetrazole  (qv).  Reaction  of  "nascent” 
A1(N3),  with  phenyl  cyanide  gave  an  almost 
quant  yield.  Similar  reaction  of  the  "nascent” 
azide  with  thioacetamide  gave  55%  yield  of 
5-methyltetrazole  and  a 65%  yield  of  penta- 
m ethyl enetetrazole  (Cardiazole)  from  thio- 
caproiactam  (Ref  3).  According  to  Meilor 
(Ref  2)  when  a soln  of  ammonia-alum  is 
treated  with  an  alkaline  azide,  A^OH^  is  pptd 
and  not  A1(N3)j  (Ref  1) 

A1(N,)S  Is  sensitive  to  percussion  and 
decrepitates  in  a flame  (Ref  3) 

See  also  Metbylaluminum  Diazide  [CH3 
A1(N3)3]  which  reacts  with  sulfuric  acid, 
occasionally  igniting  with  expln. 

Refs:  l)T.Curtius  & J.Rissom,  JPraktChem 
58,  261-309(1898)  & JCS  76  II,  92(1899)  2) 
Meilor  8 (1928),  352  3)E.Wiber  & H. Michaud, 
ZNaturforsch  9b,  495-7(1954)  & CA  49,  767 
(1955)  4)H.Rosenwasser,  USArmyEngrRes 
& DevelopLabsRpt  1551-TR,  48(1958)  "Hydra- 
zoic  Acid  and  the  Metal  Azides”  (a  literature 
survey) 

Ammonium  Azide  (formerly  called  Ammonium 
Trinitride  or  Ammonium  Azoimide),  NH^N,, 
mw  60.06,  N 93.29%;  col,  nonhygr,  rhmb 
plates;  mp  expl  160°  (Ref  5),  starts  to  sublime 
at  133-4°,  bp  expl  above  temp  limit  for  slow 
decompn  ca  300°,  d 1.346  at  20°,  QP-26.0  kcal/ 

mol  (Refs  17&21)  Q’  -19  kcal/mol  (Ref  9) 

QP  01  v approx  98  kcal/ mol  (Ref  6)  & Q 
c e 

31.2  kcal/mol  (Refs  6&9);  sol  in  w,  si  sol 


in  ale  or  NH4OH,  in  sol  in  eth.  It  forms  with 
ammonia  a diammonate  NH4N3-2NH3,  in  clear, 
col  elongated  plates,  which  is  stable  at 
—33°,  unstable  at  0°  and  undergoes  transition 
at  —9°  (Ref  7).  One  g liq  NH3  dissolves  0. 7g 
A mm  azide  at  —33°  and  lg  at  0°  (Ref  7), 
forms  a eutectic  with  NHS  at  -87°  and  76% 

NH3  conen  (Ref  14).  Addnl  soly  data  and 
other  props  given  in  Ref  7).  Amm  azide  was 
first  prepd  in  1890  by  Curtius  (Ref  1)  by  the 
action  of  NHS  on  hydrazoic  acid.  Detailed 
deserpns  of  methods  of  prepn  can  be  found 
in  Refs  4, 10,11,13.15, 16&18. 

While  it  sublimes  below  250°  at  press  0 
to  150  mm  Hg,  it  shows  slow  decompn  between 
250-450°  at  70  mm  and  betw  250°- 3 10°  at 
150  mm.  Amm  azide  is  one  of  the  more  stable 
azides  (Ref  20).  According  to  Gray  & Wad- 
dington  it  vaporizes  and  dissociates  into 
NH}  & HN3  and  then  the  HN3  explodes.  A hot 
wire  causes  Amm  azide  to  burn  quietly  in 
air  rather  than  detonate  (Ref  20).  This  azide 
detonates  violently  when  properly  initiated, 
heated  rapidly  or  heated  under  confinement 
(Refs  2 & 10).  Temp  of  expln  is  1400°  and 
specific  energy  7102  kg/1  (Ref  9).  It  is  con- 
sidered a non-brisant  expl  as  it  decomposes 
in  an  ideal  manner  producing  only  innocuous 
gases  (1148  1/kg  at  0°  and  760  mm)  (Ref  6). 
The  toxicity  of  Amm  azide  is  unknown  (Ref 
22).  Ephraim  (Ref  19)  states  that  this  salt 
may  be  regarded  as  a polymer  of  imide(NH)^. 

Infrared  spectra  studies  of  solid  Amm  azide 
are  presented  by  Dows  et  al  (Ref  19a)  and 
th£  cryst  structure  detd  by  Frevel  (Ref  17a) 

By  mixing  ammonium  azide  and  hydro- 
chloroplatinic  acid  and  concg  the  soln  by 
evapn,  a very  expl  residue  was  obtained 
(Ref  10,  p 355) 

Ammonium  Azide  Ammonates,  Ammonium 
azide  forms  with  ammonia  addition  products: 
a)Monoammonate,  NH4N3-NH3,  its  existence 
was  established  from  a study  of  the  system 
ammonium  azide-ammonia  (Refs  7&8)  b) 
Diammonate,  NH4N3*2NH,,  clear,  col  elongated 
plates  stable  at  —33°,  but  incapable  of 
existence  at  0°  (Ref  7)  c )Tetrammonate, 
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NH+Nj^NHrj  found  to  exist  at  low  temp 
(Refs  8 & 12)  and  d)  Pentammonate, 
NHaN3'^NH3,  wh  cryst  solid  which  undergoes 
transition  into  the  diammonate  at  -71°,  with 
the  eutectic  located  at  -87°  and  76%  ammonia 
(Ref  14) 

The  expl  props  of  these  solvates  have  not 
been,  studied.  See  discussion  under  Hydrazine 
Azide 

Refs:  l)T.Curtius,  Ber  23,  3023(1890)  & 29, 
759(1896)  2)T.Curthis,  Ber  24,  3342  & 3347-8 
(1891)  3)M.  B erthelot  St  C.Matignon,  Ann 
ChimPhys  [7]  2,  144(1894)  & BullFr[3l  U, 
744(1894)  4)M.B  erthelot  & P.Vieille,  MP  8, 
7-12  & 19(1895 -6)  5)T.Curtius  & J.Rissom, 
JPraktChem  58,  261-309(1898)  & JCS  7611, 
91(1899)  6)A.Darapsky,  SS  2,  41-2  & 65-7 
(1907)  & CA  1,  1059  (1907)  7)A. Browne  & 

A.Houlehan,  JACS  35,  657-8(1913)  & CA  7, 
3261(1913)  8)A.W.Browne  & O.R. Overman, 
JACS  38,  288(1916)  9)H.Kast,  SS  21,  206-7 
(1926)  & 22,  6(1927)  & CA  21,  3745(192  7) 
l0)Mellor  V8(1928)  344  ll)W.  Frost  et  al, 

JACS  55,  3516-8(1933)  & CA  27,  5019(1933) 

12) A.L. Dresser  et  al,  JACS  55,  1964(1933) 

13) L.F.Audrieth,  ChemRevs  15,  169(1934); 

CA  29,  700(1935)  & InorgSynth  2(1946)  136-8 

14) D.H. Howard,  Jr  et  al,  JACS  56,  2332-40 

(1934)  & CA  29,  700(1935)  15)W.J. Frierson 

& A. W. Browne,  JACS  56  , 2 3 84(1934)  & CA 
29,  699(1935)  16)Pepin  Lehalleur  (1935), 

151  17)Bichowsky  & Rossini  (1936)  17a) 
L.K.Frevel,  ZKrisc94A,  197(1936)  18)Gmelin, 
System  Nr  23,  Liefer ung  1 (1936)  80-83  19) 

Ephraim  (1943),  662  19a)D.A.Dows  et  al, 
JChemPhys  23,  1475(1955)  & CA  49,  15486 
(1955)  20)P.Gray  & T.Waddington,  Research 
Correspondence,  Suppl  to  Research  8,  No.  11, 

5 56-7(1955)  & CA  50,  4692(1956)  21)P.Gray 

6 T.Waddington,  ProcRoySoc  235A,  106-19 
& 489(1956)  & CA  50,  12627(1956)  22)Sax 
(1957),  274  23)H.Rosenwasser,  USArmy 
EngrRes  & DevelopLabs  Rpt  1551-TR,  25 
(1958),  MHydrazoic  Acid  and  the  Metal  Azides” 
(a  literature  survey) 

Note : N.W.Luft,  IndChemist  31,  502-4(1955) 

& CA  50,  5388(1956),  gives  latent  heat  of 
sublimation  at  25°  38.9  kcal/mole 


Ammono-basic  Mercuriazid.  See  under  Mer- 
curic Azide 

Ammono-basic  Ferric  Azide.  See  under 
Ferric  Azide 

Ammono-basic  Nickel  Azide.  See  under 
Nickel  Azide 

Antimony  Triazide  (formerly  called  Antimony 
Trinitride),  Sb(Nj),,  mw  247.83,  N 50.87%; 
yel  solid  which  exploded  on  heating.  Was 
obtained  by  Browne  et  al  using  an  antimony 
anode  in  the  electrolysis  of  a soln  of  ammo- 
nium azide  in  liq  NH,  at  —67°  (Refs  3 & 5)- 
An  electrical  discharge  through  a mixt  of  N2 
and  Sb  vapors  results  in  the  formation  of 
antimony  nitride,  SbN,  which  when  heated 
decomp  with  a mild  expln  (Ref  2).  The  ni- 
tride prepn  and  props  are  also  discussed  in 
Refs  6,7,8&9.  SbN  is  extremely  sensitive  to 
moisture  and  decomp  on  being  heated  to  550° 
(Refs  6&10)  [Also  see  Refs  1 & 4 for  un- 
successful efforts  to  isolate  Sb(Nj)j] 

Refs:  l)T.Curtius  & A.Darapski,  JPrakt 

Chem  62,  419(1900)  & JCS  78 II,  475(1900) 

2)F. Fischer  & F.Schroter,  Ber  43,  1465-79 
(1910)  & CA  4,  2075(1910)  3)A.W.Browne 
et  al,  JACS  41,  1769(1919)  & CA  14,  28(1920) 

4) A.C. Voumazos,  ZAnorgChem  164,  263(1927) 

5) Mellor  8 (1928),  354  6)R.Schwarz  & A. Jean- 
Marie,  Ber  658,  1662-4(1932)  & CA  27,  241 
(1933)  7)N.H.Coy  & H. Spooner,  PhysRev 

53,  495(1938)  & CA  32,  4075(1938)  8)N.H. 
Coy  & H.Spooner,  PhysRev  58,  709-13(1940) 

& CA  35,  29(1941)  9)W.  Jevons,  ProcRoySoc 

56,  211-12(19 44)  & CA  39,  2030(1945)  10) 
Gmelin  System  No  18,  Teil  B2(1949),  392 

Arsenic  Triazide,  As(N,)s,  mw  327.05,  N 
62.73%;  prepn  attempted  by  Vournazos  (Ref 
1)  by  reacting  Na. azide  with  As  tribromide: 
3NaNs  + AsBr,  * 3 NaBr  + As(Nj)3,  but  he 
obtained  instead  wh  needles  of  the  complex 
sodium  arsenic  bromoazide,  Nag[  AsBr^NjJg], 
in  methyl  ale  soln  (Ref  2) 

There  are  no  expl  props  given  in  the  litera- 
ture 

Refs:  1)A.C. Vournazos,  ZAnorgChem,  164, 
264(1927)  & CA  21,  3841(1927)  2)Mellor  8 
(1928),  337 


A523 


Barium  Diazide  (formerly  called  Barium 
Trinitride),  Ba(N,)2,  raw  243.43  N 51.79%; 
wh  monoclinic  prisms,  mp  expl  at  150°  (Ref 
16),  ignites  190-200°  (Ref  11),  d 2.936,  Qsoln 
at  19.8° -7.8  kcal/mol  (Ref  2),  Qf  5.32  kcal/ 
mol  (Ref  27),  enthalpy  of  formation,  free 
energy  and  entropy  (Ref  27);  very  sol  in  w 
(12.5%  at  0°,  16.2%  at  10.5°,  16.7%  at  15° 
and  17.3%  at  17°),  v si  sol  in  ale  (0.017% 
at  16°),  insol  in  eth  (Refs  3 & 10).  The  tox- 
icity is  discussed  by  Sax  (Ref  28)  and  is 
considered  very  si  (Ref  19).  First  prepd  in 
1890  by  Curtuis  (Ref  1)  by  neutralizing  pure 
hydrazoic  acid  with  Ba  hydroxide  soln.  This 
method  of  prepn  is  also  described  by  Audrieth 
(Ref  12)  and  in  Refs  4 & 18.  Can  also  be 
prepd  by  the  action  of  hydrazoic  acid  on  Ba 
oxide  or  carbonate  (Ref  10).  When  evapd  over 
sulfuric  acid,  crysts  of  monohydrate  barium 
azide,  Ba(Ns)2*H20,  are  formed  which  have  a 
mean  idex  of  refraction  of  1.7  (Ref  4).  A safe, 
semi- industrial  method  has  been  developed 
for  the  production  of  Ba(Ns)a  using  ethyl 
nitrite,  BafOH^  and  hydrazine  hydrate  (yield 
44-55%)  (Ref  19).  An  alternative  method  con- 
sists of  treating  Ba(C104)2  with  an  equimolar 
quant  of  KNS,  yielding  80%  Ba  azide  (Refs 
10a  & 19) 

Ba  azide  is  not  as  powerful  an  expl  as  Ca 
azide,  but  it  is  nearly  as  powerful  as  Sr 
azide.  According  to  Curtius  and  Rissom  (Ref 
3),  Ba  azide  does  not  expl  by  percussion  and 
behaves  on  a hot  plate  like  Ca  azide.  In  a 
capillary  it  expl  at  217~221°  and  at  about 
180°  metallic  Ba  is  present.  Tiede  (Ref  6) 
observed  that  in  vacuo,  Ba  azide  begins  to 
decomp  at  120°  and  evolves  N2  at  160°  Hitch 
(Ref  8)  noted  that  Ba  azide  undergoes  no 
change  until  180°  when  N2  is  evolved;  at 
225°  the  salt  explodes.  Wohler  and  Martin 
gave  152°  as  the  temp  at  which  the  salt 
expl  (Ref  7). 

The  thermal  decompn  of  solid  Ba  azide  was 
studied  by  Gyunter  et  al  (Ref  14)  and  by 
Yoffe  (Ref  18a),  the  former  investigators  re- 
porting a heat  of  decompn  of  13.7  keal.  They 
supposed  that  expln  occurs  as  a result  of 
another  primary  reaction  with  the  formation  of 


nitride  or  of  a strong  exothermal  reaction 
between  the  primary  products  of  decompn  (See 
also  Ref  25).  According  to  Ryabinin  (Ref  17) 
to  achieve  decompn  of  a thin  cablet  of  Ba 
(N,)a  within  3 min  at  atm  press,  a temp  of 
170°  is  required.  This  temp  rises  with  the 
press  on  the  tablet:  at  2000  kg/cm2  it  is 
ca  210°,  at  10,000  kg/ cm2  ca  225°  and  at 
45,000  kg/cm2  ca  235°.  Gamer  & Reeves 
(Ref  26)  found  that  the  thermal  decompn  of 
Ba(Nj)*  obeys  a 6th  power  law,  whereas, 

Ca(N3)2  and  Sr(N3)2  obey  a 3-rd  power  law. 

The  mechanism  of  the  thermal  decompn  of 
unirradiated  and  of  briefly  preirradiated  Ba 
azide  was  postulated  by  Mott  (Ref  13)  and 
studied  by  Thomas,  & Tompkins  (Ref  20). 
However,  on  detailed  examination  of  the 
photo  and  ionic  conductivity  of  this  salt, 
the  latter  authors  found  that  their  results 
did  not  agree  with  the  mechanism  postulated 
previously  (Ref  21).  Jacobs  and  Tompkins 
(Ref  23)  in  their  study  of  the  ionic  con- 
ductance of  solid  metallic  azides  found  that 
all  salts  obeyed  the  equation:  log  k “ log  A 

— (E/2-303RT)  in  which,  for  Ba  azide,  log  A = 

— 5.99  and  E = 11.6  kcal/mol  in  the  temp 
range  295  to  380°K 

According  to  Ebler  (Ref  5)  Ba  azide  is  not 
decompd  by  exposure  to  radium.  Gyunter  et 
al  (Ref  15)  also  found  that,  unlike  other  azides, 
Ba  azide  is  not  decompd  by  X-rays  of  radium. 
X-rays  of  less  than  0.7  A°  also  have  no  ef- 
fect while  soft  X-rays  produce  a weak  blue 
fluorescence.  By  using  a Hadding  tube, 

Gyunter  et  al,  decompd  approx  6%  of  Ba(N3)2 
with  more  than  half  of  the  decompn  product 
appearing  as  nitride.  This  fact  was  con- 
nected with  the  impact  sensitivity  of  Ba 
azide.  Groocock  & Tompkins  (Ref  24)  de- 
scribed a technique  for  studying  the  effects 
of  pre- irradiation  and  of  prolonged  bom- 
bardment with  100  and  200  V electrons  on  Ba 
azide  at  RT 

The  expl  props  of  Ba  azide  were  studied  by 
Ficheroule  & Kovache  (Ref  19)  who  found 
that  this  salt  detond  14%  of  the  time  with  a 
2 kg  wt  at  a height  of  100  cm.  It  is  extremely 
sensitive  to  friction.  When  laid  in  a train  it. 
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does  not  behave  like  a primary  expl,  but 
large  quantities  deflagrate  violently  and 
lead  to  explosion.  According  to  Haid  et  al 
(Ref  11)  dry  Ba  azide  may  be  safely  trans- 
ported in  cardboard  boxes  in  quantities  up  to 
500  g,  but  with  a water  content  of  10%,  larger 
quants  of  it  can  be  transported  without  dan- 
ger- 

The  spectra  of  Ba  azide  were  photographed 
by  Petrikaln  (Ref  9)  who  observed  not  only 
triplet  lines  but  also  that  those  of  the  singlet 
system  were  emitted.  In  addition  the  oxide 
bands  of  the  molecule  were  present  in  all 
spectra  of  the  azides  of  Ca,  Sr  and  Zn.  For 
Raman  Effect  of  the  cryst  Ba  azide  see  Ref 
17a 

Ba  azide  has  not  been  used  as  an  expl,  but 
it  has  been  used  in  the  manuf  of  fluorescent 
lamps  and  radio  tubes  {Ref  12a  & 19)-  It 
has  also  found  use  as  a blowing  agent  during 
the  vulcanization  of  cellular  rubber  (Ref  22). 
The  expl  reaction  of  Ba  azide  is  prevented  by 
adding  gelatio,  machine  oil  or  Neugen  (poly- 
ethylene glycol  laurate) 

Refs:  1)T.  Curtius,  Ber23,  3032  (1890)  2) 

M.Berthelot  et  al,  BullFr  [3l  11  747(1894); 
AnnChimPhys  [7]  2,  144  (1894)  & JCS  66  II, 
352(1894)  3)T.C,urtius  & J.Rissom,  JPrakt 
Chem  58,  261-309(1898)  & JCS  76  II,  91(1899) 
4)L.M.Dennis  & C.H. Benedict,  JACS  20,  229 
(1898);  JCS  7411,  426(1898)  & ZAnorgChem 
17,  18-25(1898)  5)E.Ebler,  Ber  43,  2613 
(1910)  6)E.Tiede,  Ber  49,  1742(1916)  7) 
L.WBhler  & F. Martin,  ZAngChem  30,  33(1917) 
& JSCI  36,  570  & CA  11, 3432(1917)  8)A.R. 
Hitch,  JACS  40,  1195(1918)  9)A. Petrikaln, 
ZPhysChem  37,  610-8(1926)  & CA  20,  2791 
(1926)  10)M ellor  8 (1928),  350  10a)W.Hoth 

& G.Pyl , ZAngChem  42  , 888-91(1929)  & CA 
23,  5547(1929)  ll)A.Haid  et  al,  Jahresber- 
CTR  8,  102-8(1931)  & CA  26,  3669  (1932) 
lla)Gmelin,  System  No  30(1932),  134-8  12) 

L.F. Audrieth,  ChemRevs  15  169(1934>,  CA 
29,  700(1935)  & InorgSynth  1,  (1939),  79-81 
12a)Thoxpe  1 (1937),  563  13)N.F.Mott , Proc 
RoySoc  172A,  325(1939)  14)P.L.Gyunter  et 
al,  KhimReferatZhur  1940,  No  10-11,  120  & 

CA  37,  1270(1943)  I5JP.L.Gyunter  et  al. 


KhimReferatZhur  1940,  No  10-11,  80-3  & 

CA  37,  1271(1943)  16)Davis(1943),411 
17)Y.N.Ryabinin,  ZhurFizKhim  20,  1363-6 
(1946)  & CA  41,  2970(1947)  17a)L.Kahovec 
& K.W.Kohlrausch,  Monatsh  77,  180-4(1947) 

& CA  42  , 6666-7(1948)  18)Material  Tele- 
phonique  SA,  FrP  938,720(1948)  & CA  44, 
291(1950)  18a)A.D.Yoffe,  ProcRoySoc 
208A,  196(1951)  & CA  46,  5845(1952)  19) 
H.Ficheroule  & A.Kovache,  MP  33,  7-19 
(1951)  & CA  47,  6617(1953)  20)J. Thomas 
& F. Tompkins,  ProcRoySoc  210A,  111-25 
(1951)  & CA  46,  11000  (1952)  2I)J.Thomas 
& F. Tompkins,  jChemPhys  20,  662*6  (1952) 

& CA  46,  11000  (1952)  22)J.Tanaka  & K. 
Yasuda,  Repts  Osaka  Perfect  Ind  Res  Inst 
4,  No  1,  32-6(1952)  & CA  46,  11743(1952) 
23)P.W.  Jacobs  & F.C. Tompkins,  JChemPhys 
23,  1445-7(1953)  & CA  49,  15336(1955)  24) 
J.M.Groocock & F.C. Tomkins,  ProcRoySoc 
223A,  267-82(1954)  & CA  48,  8059(1954) 
25)P.I.Byal 'kevich,  KhimReferatZhur  1954, 

No  23239  & CA  49,  15530(1955)  26)W.E. 
Garner  & E.L. Reeves,  TransFaradSoc  51, 
694-704(1955)  & CA  49,  15398(1955)  27) 
P.Gray  & T.Waddington,  ProcRoySoc  235A, 
106-19  (1956);  235A,  489(1956)  & CA  50, 
12627(1956)  28)Sa*  (1957),  329  29)H. 
Rosenwasser,  USArmyEngrRes  & Develop 
LabsRpt  1551-TR,  26(1958)  "Hydrazoic  Acid 
and  the  Metal  Azides"  (a  literature  survey) 

Beryllium  Diazide  (formerly  called  Beryllium 
Trinitride),  Be(Ns)j  mw  93.07,  N 90.31%;  wh 
solid,  sol  in  tetrahydrofuran,  insol  in  eth 
and  easily  hydrolyzed  by  w(Ref  1).  Obtd  by 
Wiberg  & Michaud  (Ref  4)  when  MejBe  was 
sublimed  and  reacted  with  a dry  eth  soln  of 
excess  HNS  at  -116°.  Removal  of  eth  and  ex- 
cess HNS  by  vac  distn  yielded  Be(N,),.  In 
a reactn  betw  a beryllium  salt  and  an  azide, 
Curtius  & Rissom  (Refs  1 & 2)  obtd  an  impure 
beryllium  azide;  it  detonated  only  si  in  a 
flame  and  is  insensitive  to  initiation  by  per- 
cussion (Ref  3) 

Refs:  1)T. Curtius  & J.Rissom,  JPraktChem 
58,  277(1898)  & JCS  76  D,  92(1899)  2) 
Mellor  8 (1928),  350  3)Graelin,  System  No  26 
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(1930),  102  4)E.Wiberg  & H. Michaud, 
ZNaturforsch  9b,  502(1954)  & CA  49,  768 
(1955)  5)H.Rosenwasser,  USArmyEngrRes 
& DevelopLabsRpt  1551-TR,  48(1958)  "Hydra- 
zoic  Acid  and  the  Metal  Azides"  (a  litera- 
ture survey) 

Bis  (Hydroxylamino)  Azide  (called  Dihydroxyl- 
Ammonium  Trinitride  by  Dennis  & Isham), 
(NH2OH)2-HNs,  mw  109.10,  N64. 20%;  col, 
trans,  leaf-like  crysts,  mp  66°;  v sol  in  w, 
sol  in  ale  and  insol  in  eth.  This  compd  was 
prepd  in  1906  by  Dennis  & Isham  (Ref  1) 
upon  evapg  a mixt  of  hydroxylamine  and  hydra- 
zoic  acid,  both  in  methyl  ale  solns.  The  re- 
covered crysts  were  purified  by  dissolving 
in  a mixt  of  1 g methyl  ale  and  20  p ether, 
filtering  and  rapidly  evapg  the  solvent  in  a 
vacuum  desiccator  (See  also  Ref  2).  No  expl 
props  were  determined  (Also  see  Hydrazoic 
Acid) 

Refs:  1)L.M. Dennis  & H. Isham,  JACS  29, 

22-4(1907)  & CA  1,  528(1907)  2)L.F.Audrieth, 
ChemRevs  15,  200-202(1934)  & CA  29,  700 
(1935) 

Bismuth  Triazide,  Bi(N3),,  mw  335.07,  N 
37.63%.  The  prepn  of  this  compd  was  attempted 
by  Vournazos  (Ref  1)  who  treated  Bi  iodide 
with  an  equimolar  part  of  Na  azide.  The 
following  reaction  occurred:  2 Bi  I3  + 2NaNs 
+ H20  - BiOI  + Bilj  + 2HNS  + 2NaI  and  with 
twice  this  amt  of  Na  azide:  Bilj  + 2NaN3 
+ H20  - BiOI  + 2NaI  + 2HN,.  It  was  thought 
by  Vournazos  that  an  unstable  bismuth  iodo- 
diazide,  Bi  I(N3)2,  was  formed  but  immediately 
hydrolyzed  (Ref  2) 

Refs:  1)A.C. Vournazos,  ZAnorgChem  164, 
263(1927)  2)Mellor  8(1928),  337 

Boron  Triazide,  B(Nj)»,  mw  136-89,  N 92.10%; 
wh  hex  crysts,  sol  in  tetrahydrofuran  in  sol  in 
eth;  prepd  by  Wiberg  and  Michaud  (Ref  1)  by 
the  addn  of  diborane  to  a frozen  eth  soln  of 
excess  HN3  at  —20°  and  thawing  at  RT.  The 
residue  was  isolated  by  distn  at  —65°  to  —45° 
for  4J4  hrs.  B(N3)3  is  extremely  explosive  and 
deton  with  water  or  eth  vapor, but  it  can  be 


stabilized  as  NaB(N,)4  by  reaction  of  an  eth 
soln  of  excess  B(Ns)j  and  NaNs.  Upon  addn 
of  an  eth  soln  of  MesN  to  B(N»X,  the  partial 
azides,  BH(N3)2  and  BH2NS,  form  stable  addn 
compds 

An  eth  sol  of  Lithium  Boroazide,  LiB(Ns)4 
is  formed  in  90%  yield  upon  evapn  to  dryness 
of  a reaction  mixt  consistg  of  excess  HN3  in 
eth  soln  and  frozen  LiBH*  in  eth  soln.  The 
wh  solid  residue  is  an  expl  very  sensitive 
to  pressure  and  to  percussion.  It  is  sol  in 
eth  and  easily  hydrolyzed.  B(N3)j  and  LiNs 
are  assumed  to  be  intermediate  products 
(Ref  1) 

Refs:  1)E. Wiberg  & H. Michaud,  ZNaturforsch 
9b,  497-9(1954)  & CA  49,  767(1955)  2)H. 
Rosenwasser,  USArmy  EngrRes  & Develop 
LabsRpt  1551-TR,  48(1958),  "Hydrazoic 
Acid  and  the  Metal  Azides”  (a  literature 
survey) 

Bromine  Azide  (Bromoazide),  BrNj,  mw  121.94, 
N 34.45%;  orange-red  liq,  fr  p-45°;  bp  expl, 
misc  in  all  proportions  with  eth,  less  sol  in 
benz  or  ligroin  (Refs  2 & 3).  Prepd  by  Spencer 
(Ref  1)  by  passing  a stream  of  bromine,  di- 
luted with  Na,  over  Na  or  Ag  azide  and  con- 
densing the  resulting  liq  bromoazide.  It  may 
be  prepd  also  by  heating  NaN3  or  AgNj  with 
• a soln  of  bromine  in  eth,  benz  or  ligroin 
(Refs  1&3) 

Bromoazide  is  a very  powerful  expl  compd 
and  extremely  sensitive  to  heat  and  to  me- 
chanical shock.  Eth,  benzene  or  ligroin  solns 
of  BrNj  are  stable  in  the  darkjbut  when  coned, 
they  are  likely  to  expl  on  shaking,and  grad- 
ually decompose  on  standing.  In  general, 

BrNj  resembles  INj  but  is  more  volatile  and 
is  immediately  decompd  by  water.  The  only 
evidence  for  the  existence  of  BrNs  in  aq  soln 
was  the  formation  of  a little  HNS  with  con- 
sequent dimunition  of  free  N2  (Ref  1).  The 
liq  BrNj  expl  in  contact  with  P,  As,  Na  and 
Ag  foil,  but  the  vapor,  when  diluted  with 
Nj  and  passed  over  Ag  or  Na  leaf,  gives  a 
film  of  the  corresponding  azide  and  bromine 
(Ref  2) 

Bromoazide  gives  a pungent  vapor  which 
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irritates  the  eyes.  It  has  toxicological  props 
similar  to  hydroazoic  acid,  causing  giddi- 
ness, headache,  and  slakening  of  the  muscles 
when  inhaled  (Ref  6).  It  is  dangerous,  when 
heated,  emitting  highly  toxic  fumes  of  bromine 
and  explodes.  Reacts  with  water  or  steam  to 
produce  toxic  or  corrosive  fumes,  and  it  can 
react  on  contact  with  reducing  materials  (Ref 
6) 

Refs:  1)D. A. Spencer,  JCS  127,  216-24(1925) 

& CA  19,  1106  (1925)  2)Mellor  8(1928),  336 
3)Gmelin,  System  No  7(1931),  334  4)Thorpe 
1 (1947),  581  5)Kirk  & Othmer  7 (1951),  594 
6)Sax(I957),  383 

Cadmium  Diazide  Cd(N3)2,  mw  196.46,  N 
42.78%;  wh  biaxial  crysts,  mp  expl  291° 

(Ref  3);  d 3.24  at  20°  (Ref  12),  Qe  558-625 
cal/g  (Refs  2 & 4);  sol  in  water  and  is  hy- 
groscopic. First  prepd  by  Curtius  & Rissom 
(Ref  1)  by  dissolving  CdC03  in  16-17%  hydra- 
zoic  acid,  and  by  Brown  et  al  (Ref  5)  by 
electrolyzing  solns  of  Amm  azide  in  liq  NH, 
using  a cadmium  anode.  Birckenbach(Ref  10) 
prepd  the  pure  compd  by  the  method  of  Curtius 
& Rissom  and  Bassiere  from  a mixt  of  solns 
of  Cd(NOj)a  and  NaNj  by  evapn  in  cold  over 
H2S04,  after  removal  by  filtration  of  the  first 
ppt  formed  (Ref  12).  The  usual  method  of 
prepn  is  by  the  action  of  hydrazoic  acid  on 
CdO  or  CdC03  (Refs  1,7,8, 9&H) 

Cd(N3)2  is  an  extremely  sensitive  and 
dangerous  expl  which  detonates. on  heating 
or  on  rubbing  with  a horn  spatula  (Ref  10). 
Thermal  decompn  in  high  vac  between  100 
and  120°  leads  to  the  reaction  3Cd(N3)2  ° 
Cd3N2  + 8Na.  Wohler  and  Martin  reported 
the  following  expl  props:  Impact  Sensitivity 
by  0.964  kg  falling  wt  on  0.01  to  0.02  g- 
compressed  sample  reqd  energy  of  18.54  kg 
m/ cm2  vs  4.76  kg  m/cm2  for  LA  under  0.600 
kg  impact  on  same  sample  wt  (Ref  3);  Loading 
Density  at  1100  kg/cm2  - 3.200  g/cc  (Ref  4); 
Minimum  Initiating  Charge:  required  for  tetryl— 
0.01g,for  PA  - 0.02g,  for  TNT  - 0.04  g and 
for  TNA  0.10g  (Ref  4);  Temperature  on  Ex- 
plosion 3829°  (Ref  4)  and  Work  Density  (an 
approx  measure  of  deton  value)  116.8  kg/cm2 
(Ref  4) 


According  to  Wtfhler  (Ref  6),  Cd  azide  is 
much  more  powerful  than  LA  but  is  more  dif- 
ficult to  prepare  because  of  its  high  soly  in 
water  (Ref  13) 

The  crysfc  structure  of  Cd(N3)2was  studied 
by  Bassifcre  (Ref  12).  Bowden  and  Singh 
(Refs  14  & 15)  studied  the  effects  of  irradiation 
and  nuclear  bombardment  on  Cd(N3)2  crysts. 
They  observed  no  ignition  or  detonation  due 
to  bombardment  with  slow  neutrons,  fission 
products,  a-particles  or  y-particles.  Irradiation 
with  intense  electron  beams  by  X-rays,  Hy- 
drogen, Argon  or  Mercury- ions  led  to  explns 
which  proved  thermal  in  origin.  The  critical 
thickness  for  thermal  initiation  and  growth 
to  expln  is  24  p at  320°,  20p  at  325°  and  17p 
at  330°  (Ref  15).  According  to  Bowden  and 
Singth,  neutron  bombardment  of  Cd(N3)j  does 
not  affect  its  rate  of  deton,  given  as  4200  m/- 
sec  (Ref  15) 

Cd(N3)2  in  aq  soln,  forms  with  pyridine  a 
col,  cryst  compd,  Cd(N3)2*2Cs  NHS  (Ref  1). 

Other  complex  salts  described  in  Ref  13a 
(See  also  Table  A under  Ammines) 

Refs:  l)T,Curtius  & J. Rissom,  JPraktChem 

58,  261-309(1898)  & JCS  76  II,  91-2(1899) 

2) L. Wohler  & F. Martin,  Ber  50  , 586-96  (1917); 
JCSU2  I,  383-4(1917)  & CA  11,  2900-1(1917) 

3) L.  Wohler  & F. Martin,  ZAngChem  30,  33*9 

(1917);  JSCI  36,  570(1917)  & CA  11,  3432 
(1917)  4 )L. Wohler  & F.Martin,  SS  12,  1-13, 
18-21,  39-42,  54-7,  74-6(1917)  & CA  12,  629 
(1918)  5)A.W.Browne  et  al,  JACS41,  1769- 
76  (191 9)  & CA  14,  28(1920)  6)L. Wohler, 

ZAngChem  35,  545(1922)  & CA  17,  1144(1923) 
7)Gmelin,  System  No  33(1925),  75  8)Mellor 
8(1928),  351  9)Marshall  3(1932),  158  10) 
L.Birckenbach,ZAnorgChem  214,  94-6(1933) 

& CA  27,  5267(1933)  ll)L.F.Audrieth,  Chem 
Revs  15,  208,  214(1934)  & CA  29,  700(1935) 
12)M.Bassifcre,  CR  204,  1573-4(1937)  & CA 
31,  5238(1937)  13)Davis(1943),  183,411  & 412 

13a)W.Strecker  & E. Schwinn,  JPraktChem  152, 
205-18(193 9)  & CA  33,  5314(1939)  14)F. 
Bowden  & K.Singh,  Nature  172,  378-80(1953) 

& CA  48,  1003(1954)  15)F.Bowden  & K.Singh, 
ProcRoySoc  227A,  22-37(1954)  & CA  49, 

4991  (1955) 
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Calcium  Diazide  (formerly  called  Calcium 
Trinitride),  Ca(N,)a,  raw  124.13,  N 67.71;  col, 
rhmb  ndls  (Ref  2);  mp  dec  100°  (in  vacuo); 

Na  evolved  at  110°  (Refs  2,3  & 15)  expl  158° 
(Refs  5 & 11)  Qe  625  cal/g  (Ref  4),  Qf  -11.0 
k cal/ mol  (Ref  20)  sol  in  W (38.1%  at  0°  & 

45%  at  15.2°),  v si  sol  in  ale  (0.211%  at  16°) 
and  insol  in  eth  (Ref  1).  Its  toxicity  is  dis- 
cussed by  Sax  (Ref  21)  under  azides.  Ca(Na)a 
was  first  prepd  in  1898  by  Dennis  & Benedict 
(Ref  2)  and  by  Curtius  & Rissom  (Ref  1)  by 
dissolving  calcium  oxide  or  carbonate  in 
dil  aq  HNj  and  concg  the  filtrate  by  evapg 
over  sulfuric  acid  (Refs  7&9) 

The  expl  props,  as  detd  by  Haid  et  al 
(Ref  8),  indicate  that  Ca  azide  is  the  most 
powerful  of  the  alkaline  earth  azides.  Al- 
though Curtius  found  that  this  salt  did  not 
expl  by  percussion,  Wohler  & Martin  (Ref  5) 
and  Haid  et  al  (Ref  8)  obtained  deton  by 
impact  (Refs  7&12).  When  heated  rapidly 
Ca(Nj)2  expl  between  144-156°.  Heated  in  a 
capillary  tube,  metallic  Ca  appears  at  120- 
130°  (Ref  11)  and  in  vacuo  expl  between  160- 
170°  (Ref  14).  The  kinetics  of  the  thermal 
decompn  has  been  studied  by  Andreev  (Ref 
10),  Garner  & Reeves  (Ref  19)  and  others; 
ionic  conductance  of  the  solid  by  Jacobs  & 
Tompkins  (Ref  18)  in  the  temp  range  290- 
370° K,  and  initiation  and  propogation  of 
expln  by  Bowden  & Williams  (Ref  16)  who 
measured  the  rate  of  deton  as  770  m/sec. 

Haid  et  al  (Ref  8)  ignited  Ca(N3)a  by  rubbing 
a small  sample  in  a mortar  and  in  the  Lead 
Block  Expansionist  obtained  a value  of 
120  ml 

The  spectra  of  calcium  azide  explns  were 
photographed  by  Petrikaln  (Ref  6)  and  the 
Raman  Effect  studied  by  Kahovec  & Kohlrausch 
(Ref  13) 

Ca(N3)j,  as  well  as  Ba(N,)a  or  NaNs>  has 
been  recommended  as  a cellulating  agent  in 
the  prepn  of  sponge  rubber  (Ref  17) 

Refs:  l)T.Curtius  & J. Rissom,  JPraktChem 

58,  261-309(1898)  & JCS  76  II,  91(1899)  2) 
L.M.Dennis  & C.H.Benedict,  JACS  20,  228  & 
231(1898);  JCS  74  II,  426(1898)  & ZAnorg- 
Chem  17,  18-25(1898)  3)E.Tiede,  Ber  49, 


1742(1916)  4)L.  Wohler  & F.Martin,  Ber 
50,  586-96(1917);  JCS  112  I,  383-4  & CA  11, 
2901(1917)  5)L. Wohler  & F.Martin,  ZAng 

Chem  30,  33-9(1917);  JCSI  36,  570(1917)  & 
CA  11,  3432(1917)  6)A. Petrikaln,  ZPhys 
Chem  37,  610-8(1926)  & CA  20,  2791(1926) 
7)Mellor  8 (1928),  349  8)Haid  et  al, 
Jahresber  CTR  8,  102-8  (1931)  & CA  26, 
3669(1932)  9)L.F.Audrieth,  ChemRevs  15, 
169(1934)  & CA  29,  700(1935);  Inorg  Synth 
1 (1939)  80-1  10)K.K. Andreev,  KhimReferat 

Zhur  1940,  No  10-11,  120-1  & CA  37,  1271 
(1943)  ll)Davis  (1934),  411  12)Thorpe  1 
(1947)  562  I3)L. Kahovec  & K. Kohlrausch, 

Monatsh  77,  180-4(1947)  & CA  42,  6666-7 
(1948)  14)A.D. Yoffe,  ProcRoySoc  A208, 

188-99(1951)  & CA  46,  5845(1952)  15)Kirk 
& Othmer  7 (1951),  594  16)F.P. Bowden  & 

H.T. Williams,  ProcRoySoc  208A,  176-88 
(1951)  & CA  46,  5844-5(1952)  17)J. Tanaka 

& K.  Yasuda,  ReptsOsakaprefectlndReslnst 
4,  No  1,  32-6(1952)  & CA  46,  11743(1952) 

18) P.W'. Jacobs  & F.C. Tompkins,  JChem 
Phys  23,  1445-7(1953)  & CA  49,  15336(1955) 

19) W. E. Garner  & L, E. Reeves,  TransFarad 
Soc  51,  694-704(1955)  & CA  49,  15398(1955) 

20) P.Gray  & T. Waddington,  ProcRoySoc 
235A,  106-19(1956)  & CA  50,  12627(1956) 

21) Sax(1957),  424  22)Gmelin,  System  No  28, 

Teil  B,  Lieferung  2(1957),  329-31  23)H. 

Rosenwasser,  USArmyEngrRes  &Develop 
LabsRpt  1551-TR,  27(1958),  "Hydrazoic 
Acid  and  the  Metal  Azides”  (a  literature 
survey) 

Calcium  Diazide  Monohydra zinate  (formerly 
called  Calcium  Trinitride  Hydrazinate), 
CatNjVNjH,,  raw  154.16,  N 72.69;  wh,  fluffy 
pwd,  mp  dec  at  120°  (losing  hydrazine);  bp 
expl  violently  at  308°;  v sol  in  w.  Prepd  by 
the  gradual  dehydrazination  of  Ca  diazide 
dihydrazinate  in  Na  at  100°  and  its  chem 
identity  established  by  means  of  press-concn 
and  press-temp  curves  (Refs  1&2).  No  ref- 
erences to  expl  props  found. 

Refs:  1)A.L. Dressier  & A. W. Browne,  JACS 

53,  4238-42(1931)  & CA  26,  666(1932)  2) 
Gmeiin,  System  No  28,  Teil  B,  Lieferung  2 
(1957),  331 
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Calcium  Diazide  Dihydrazinate  (formerly 
called  Calcium  Trinicride  Dihydrazinate) 
Ca(N,)a*2N2H4,  mw  188.22,  N 74.37;  wh, 
rect,  ortho  rhombic  crysts,  mp  dec  slowly  at 
RT,  bp  exp  violently  at  335°i  v sol  in  w,  sol 
in  anhyd  hydrazine  (34.7%  at  23°),  mod  sol 
in  methanol  (7%  at  23°)  v si  sol  in  ale  (0.4% 
at  23^;  pract  insol  in  CC14,  chif,  benz,  acet, 
diethyl  eth,  et  acetate  or  CS2.  Prepd  from  a 
nearly  satd  soln  of  Ca(Ns)j  in  anhyd  hydrazine 
by  either  evapn  at  RT  over  sulfuric  acid  or 
treatment  with  absol  ale.  Chemical  identity 
established  by  means  of  press-concn  and 
press-temp  curves  in  addn  to  chemical  anal- 
ysis (Refs  1&2) 

Refs:  1)A.L. Dressier  & A.W. Browne,  JACS 

53,  4236-8(1931)  & CA  26,  666(1932)  2) 
Gmelin,  System  No  28,  Teil  B,  Lieferung  2 
(1957),  331 

Carbonyl  Diazide  (formerly  called  Carbonyl 
Nitride  & Carbazoimide)  (Called  Kohlensaure 
diazid,  Carbazid  or  Sticks  to  ffkohlenoxyd  in 
Ger),  CO(Nj)a,  mw  112.06,  N 75.00%;  ex- 
tremely volat,  long  ndls  very  sol  in  w,  ale 
and  eth  but  insol  in  petr  eth;  undergoes 
hydrolysis  to  yield  CO,  and  HNjjit  has  a 
penetrating  odor  and  like  other  carbonyl 
compds  is  highly  toxic  and  dangerous  (Ref 
7) 

CO(Ns)a  was  first  prepd  in  1894  by  Curtius 
& Heindenreich  (Refs  1 & 2)  by  the  action 
of  sodium  nitrite  on  the  hydrochloride  of 
carbohydrazide,  CO(NH*NHaHCl)a.  Kesting 
(Ref  3)  found  that  this  reaction  did  oot  al- 
ways proceed  homogenously  and  that  hy* 
drazidicarboxy azide,  (NHCON,),,  was  always 
formed  as  a by  product  in  ca  20%  yield.  The 
two  compds  could  be  separated  by  carrying 
out  the  diazotization  under  benz.  Kesting 
(Ref  3)  obtd  CO(N,)a  in  about  70%  yield  from 
CO(OEt)a  refluxed  for  2 days  on  a w bath 
with  99%  NaH4-H20 

Carbonyl  diazide  is  an  extremely  dangerous 
expl  as  it  may  explode  violently,  even  under 
H,0,  on  si  friction  or  when  exposed  to  light 
(Refs  1,2, 3, 5 & 6) 


Like  sulfuryl  azide,  CO(N,)a  decomposes 
in  such  solvents  as  benz  and  aniline,  and 
converts  aromatic  hydrocarbons  into  pyridine 
bases  and  also  into  primary  amines  (Ref  1 & 

4).  Kesting  (Ref  3)  found  that  CO(Ns)a  in  HaO 
and  NaNO,  under  benz,  when  slowly  treated 
with  HC1  yielded  (NHCON,)a  and  when 
CO(Nj),  in  ale  was  heated  with  piperidine,  it 
gave  hydrazidocarboxy  piperidide,  mp  179° 

No  addnl  info  on  CO(Ns)a  was  found  in  the 
literature. 

Refs:  l)Beil  3,  130  & [102]  2)T.Curtius  & 
K.Heindenreich,  Ber  27,  2684(1 894);  JPrakt 
Chem  52,  454(1895)  & JCS  68  1,  12(1895)  3) 

W. Kesting,  Ber  57B,  1321-4(192 4)  & CA  19, 
245(1925)  4)T.  Curtius  & A.Bertho,  Ber.  59, 

565(1926)  & CA  20,  2500-1(1926)  5)L.F. 
Audrieth,  ChemRevs  15,  216-7(1934)  6) 
Thorpe  2 (1938),  278  & 323  7)Sax  (1957), 

442 

Cerium  Hydroxydiazide,  Ce(OH)(Nj)2,  mw 
241.19,  N34.85%;  yel  expl  residue  obtained 
by  Curtius  & Darapsky  from  freshly  pptd  Ce 
hydroxide  dissolved  in  hydrazoic  acid  and 
evapn  of  the  soln  formed  (Refs  1&2).  No 
references  to  expl  props  found 
Refs:  1)T. Curtius  & A. Darapsky,  JPrakt 

Chem  61. 408(1900)  ft  JCS  78  II,  474(1900) 
2)Mellor  8(1928),  354 

Cerium  Triazide,  Ce(NJ)s>  mw  266.20,  N47.36%; 
expl  ppt  obtained  by  Curtius  & Darapsky 
(Ref  1)  by  boiling  a mixt  of  Ce  nitrate  and  Na 
azide  (Ref  2)  No  references  to  expl  props 
found 

Refs:  1)T. Curtius  & A. Darapsky,  JPrakt 
Chem  61,  408(1900)  & JCS  78  II,  474(1900) 
2)Mellor  8(1929),  354 

Cesium  Azide  (formerly  called  Cesium  Tri- 
nitride  or  Cesium  Azoimide),  Cs  Ns,  mw 
174.93,  N24.02%;  col,  clear,  tetrag  ndles 
(Ref  1);  mp  310-18°  (Ref  2),  320°  (Ref  3)  or 
326°  in  vacuo  (Refs  4 & 12>,  bp  dec  at  350° 
evolving  Na  (Ref  3),  Qf  2.37  k cal/ mol  (Ref 
13);  lattice  energy  146  keal/mol  (Ref  14); 
v sol  in  w (307%  at  16°),  si  sol  in  ale 


A529 


(1.04%  at  16°),  insol  in  eth  (Ref  2).  Its 
toxicity  is  not  known.  First  prepd  in  1898 
by  Dennis  & Benedict  (Ref  1)  and  also  by 
Curtius  & Rissom  (Ref  2)  by  dissolving 
freshly  pptd  CsOH  in  aq  HNS  and  evapg  the 
soln  in  air  or  over  sulfuric  acid.  Moldenhaur 
& Mottig  (Ref  6)  prepd  the  compd  by  reacting 
Cs  metal  with  Na  activated  by  an  electrical 
discharge.  It  can  also  be  prepd  by  neutralizing 
3%  hydrazoic  acid  with  an  aq  soln  of  pure 
CsOH,  concg  the  soln  on  steam  bath,  acifying 
with  HNS  and  adding  2 vols  ale  to  the  soln 
cooled  in  an  ice  bath.  The  ppt  was  collected 
by  filtration  and  washed  with  ale  and  ether 
(Refs  4, 8, 9 & 10) 

CsNj  does  not  expl  on  impact;  it  behaves 
like  KNj  on  a hot  plate  and  like  RbN3  at 
temps  above  its  mp  (Ref  5).  The  thermal  de- 
compn  of  CsNj  has  been  studied  by  Clusius 
(Ref  7),  Klaus  & Mollet  (Ref  15)  and  by 
Tiede  (Ref  3).  The  Raman  Effect  was  studied 
by  Kahovec  & Kohlrausch  (Ref  11). 

Refs:  ' 1)L.M. Dennis  & C.H. Benedict,  JACS 
20,  227(1898);  ZAnorgChem  17,  20(1898)  & 

JCS  74  II,  426(1898)  2)T. Curtius  & J. Rissom, 
JPraktChem  58,  261*309(1898)  & JCS  76 II, 
92(1899)  3)E. Tiede,  Ber49,  1742(1916)  & 

CA  11,  2176(1917)  4)R.Suhrmann  & K. Clusius, 
ZAnorgChem  152,  52(1926)  & CA  20,  1962 
(1926)  5)Mellor8(I928),  348  6)W.  Moldenhaur 

& H.Mottig,  Ber  62,  1955(1929)  & CA  24, 
1300(1930)  7)K. Clusius,  ZAnorgChem  194, 

47-50(1930)  & CA  25,  889(1931)  8)L.F. 
Audrieth,  ChemRevs  15,  202*3(1934)  & CA 
29,  700(1935)  9)Graelin,  System  No  25(1938), 
115*6  10)A.W. Browne,  InorgSynth  Vl(1939), 

79  & CA  36,  2488(1942)  ll)L.Kahovec  & 

K. Kohlrausch,  Monatsh  77,  180-4(1947)  & CA 
42,  6666- 7(1948)  12)Kirk  & Othmer,  7(1951), 
593-4  13)P.Gray  & T.C.Waddington,  Proc 
RoySoc  235A,  106-19(1956)  & CA  50,  12627 
(1956)  14)P.Gray  & T.C.Waddington,  Proc 
RoySoc  235A,  481-95(1956)  & CA  50,  15203 
(1956)  15)P. Klaus  & H.Mollet,  Helv  39,  363- 
75(1956)  & CA  50,  15413(1956) 

Chlorine  Azide  or  Ctiloroazide,  (Chlorazid  in 
German),  ClNs,  raw  77.48,  N 54.2 4%;  col  gas 


at  RT;  yel-orange  liq,  bp  -15°;  yel,  v expl 
solid  at  below  —100°  (Ref  8);  si  sol  in  w, 
readily  sol  in  butane,  pentane,  benz,  MeOH, 
EtOH,  diethyl  ether,  acet,  chlf,CCl4  & CSa 
(Ref  8).  According  to  Sax  (Ref  15)  the  tox- 
icity of  ClNj  azide  is  severe  and  acute  on 
single  exposure  or  inhalation,  causing  in- 
jury to  skin  or  mucous  membranes  of  suffi- 
cient severity  to  threaten  life  or  cause 
permanent  physical  damage.  The  effects  of 
continuous  or  repeated  exposure  are  un- 
known. 

Chlorine  azide  was  first  prepd  in  1908  by 
Raschig,  (Ref  1)  upon  acidification  with 
acetic  or  boric  acid  of  a mixt  of  Na  hypo- 
chlorite and  Na  azide  in  aq  soln: 

NaOCi  + 2HAc  + NaN,  -+  2NaAc  + HjO  + C1N, 

Although  Raschigs’  method  was  satisfactory, 
Frierson  et  al  (Ref  8)  preferred,for  the  lab 
prepn,passing  chlorine  gas  into  an  ethereal 
suspn  of  silver  azide  at  RT: 

AgNj  + CTa  -»  AgCl  + ClNj 

Chlorine  azide  gas,  with  a sweetish  odor 
similar  to  that  of  HC10,  is  an  extremely 
dangerous  expl.  It  expl  violently  in  contact 
with  a flame,  on  exposure  to  sunlight  and 
sometimes  even  spontaneously  (Refs  1 ,5,6,7, 
10,11  & 12).  Gleu  (Ref  4)  found  ClNj  decompd 
at  400°  and  2 mm  press  without  expln  into  the 
elements,  Na  and  Cla.  Decompn  was  accom- 
panied by  red  radiation  and  intense  short 
wave  radiation  in  the  blue  and  ultraviolet 
regions.  Pannetier  (Ref  13)  observed  that  the 
deton  of  pure  ClNa  by  a simple  electric  spark, 
resulted  in  a continous  spectrum  from  ultra- 
violet to  red  with  max  intensity  at  5000- 
5500A°.  The  kinetics  of  expln  corresponded 
to  complete  rupture  of  the  mol,  recombination 
of  the  individual  atoms  giving  rise  to  the 
spectra.  Expln  of  ClN,  occurred  at  all  press 
above  0.1  mm  (Ref  14). 

The  chemical  reactions  of  C1NS  have  been 
studied  by  Raschig  (Ref  2),  Gutmann  (Ref  3), 
and  by  Frierson  et  al  (Refs  8 & 9)*  Reaction 
with  lq  ammonia  resulted  in  the  formation  of 
an  expl  liq  (Refs  8 & 9);  reaction  with  pentane 
gave  hydrazoic  acid  (Ref  8);  and  reaction 
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with  Na  and  P resulted  in  violent  expins,  with 
spontaneous  deton  occurring  within  a few 
minutes  in  the  case  of  P (Ref  8).  Gutmann 
(Ref  3)  found  that  tertiary  sodium  arsenite, 

Nas  AsOj,  does  not  react  with  the  inorg  salts 


of  HNj,  but  with  chloro-  and  iodoazides  it 
gives  the  alkali  azide  and  halide  and  is 
ozidized  to  arsenate.  Chlorine  azide  with 
silver  azide  forms  Azino-Silver  Chloride, 

Ns  AgCl,  which  is  a deep  blue  solid,  stable 

t__  L _ t n nO l fl  * _ l _ _ i • _i  _ 

uiuy  uciuw  -ju  aiiu  cxpi  violently  in  tnc 
dry  state  (Ref  9),  decompg  into  AgCl  and 
N,.  When  moistened  with  non  aq  lias,  the 
compd,  NjAgCI,  decomp  rapidly  but  without 
expln  as  the  temp  is  raised.  It  is  not  sensi- 
tive to  mech  shock  but  extremely  sensitive 
to  temps  above  -30°  (Ref  9) 

D/i/r.  1 \rr  n — A\  a i nno\ 

* voy  j.  x JK  .i\aouu^,  Uti  -r  ■ , y^T  ) 

& CA  3,  622(1909)  2)F.Raschig,  "Schwefel- 
Stickstoff-Studien,"  Leipzig  (1924),  204  & 

CA  18,  2584(1924)  3)A. Gutmann,  Bet  57B, 
1956-8(1925)  & CA  19,1253(1925)  4)K.Gleu, 
ZPhysik  38, 176  (1 926)  & CA  21,  1229(1927) 
5)Gmel in,  System  No  6(1927)  417  6)Mellor  8 
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215(1934)  & CA  29,  700(1935)  8)W.J. 
Frierson  et  al,  JACS  65,  1696-8(1943)  & CA 
37,  6576(1943)  9)W.J.  Frierson  & A.W. 
Browne,  JACS  65,  1698-1700(1943)  & CA  37, 
6576(1943)  i0)Thorpe  1 (1947),  581  11) 

Ephraim  (1949),  675-6  12)Kirk  & Othmer  7 
(105 1),  594  13)G.Pannerier»  CR  233,  168-70 
(1951)  & CA  46,  1871(1952)  14)G.Pannetier, 
BullFr  1954,  1068-70  & CA  49,  7247-8(1955) 
15)Sax(1957),  464 


i_nromium  iriaziae  (chromium  Azoimide  or 
Chromium  Azide)  Cr(N3)j,  raw  178.08,  N 
70.79%;  dk  green  crvsts,  sol  in  w.  Reported 
in  1898  by  Curtius  & Rissom  (Ref  2)  to  be 
formed  in  soln  by  dissolving  chromiun  hydrox- 
ide in  aq  hydrazoic  acid  but  the  product  was 
not  isolated  because  it  decompd  on  evaporg 

f kp  Ort  I rt  littmc  £*  Q rn  /D  2.  \ 
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that  chrome  alum,  Cr2(S04VK2S04*24H20, 
and  NaNj,  gave  a green  soln  of  Cr(N3X  which 
however,  was  completely  hydrolyzed  on 
boiling;  the  resulting  basic  Cr  azide  pptd  as 


a green  salt  when  ale  and  ether  were  added 
to  the  soln.  They  observed  that  the  chrome- 
alum  sol  ns  reacted  with  NaN3  in  a manner 
similar  to  that  described  by  Dennis  (Ref  1) 
with  the  elements  separating  as  the  hydrox- 
ides. Oliveri-Mandalk  (Ref  5)  treated  a soln 
of  chromic  nitrate  with  3 mols  of  Na  azide 
and  noted  that  the  soln  became  violet  and 
then  green,  but  nothing  separated  even  when 
coned  solns  were  used.  The  normal  Cr  azide 


was  obtained  by  Oliveri-Manuala  & Cornelia 
(Ref  6)  by  evapg  CKNOjX  in  abs  ale  with 
excess  NaNj  in  vacuo  over  KOH.  If  the  ale 
soln  contains  some  w,  basic  azides  of  Cr: 
chromium  hydroxydiazide,  Cr(N3)2OH  and 
chromium  dihydroxy azide,  CrN3(OH)2  are 
formed  (Ref  6).  The  expl  props  of  the  basic 
Cr  oZidcs  were  not  investigated. 

Other  methods  of  prepn  Cr  azide  are  given 
In  Refs  7 & 9 

Aq  solns  of  Cr  azide  hydrolyze  slowly 
and  have  the  green  color  of  Cr  complexes. 
They  do  not  ppt  Cr(OH)j  when  NB4OH  is  added 
or  ppt  AgCl  when  AgNG,  is  added  (Refs  5 
& 6).  When  boiled,  its  coned  solns  de- 
posit  mixts  of  basic  salts,  the  compns  of 
which  depend  upon  the  duration  of  heating 
and  concn  of  the  solns.  One  basic  Cr  azide, 
Cr(Ns)a0H‘2H20,  was  analyzed  and  found 
to  be  far  less  expl  than  the  original  Cr(N3)3 
(Refs  6 & 7).  Other  Cr  azide  complexes  are 
described  below 


Chromium  Azido  Complexes  In  attempting  to 
prepare  Cr  azide  from  a soln  of  Cr(N03)3  and 
NaN3  in  pyridine,  Oliveri-Mandala  (Ref  5) 
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were  added  a greenish-violet  ppt  slowly 
separated.  This  subst  was  washed  with  cold 
w,  ale  and  then  acet  to  give  a green  crust 
of  chromium  triazide  pyridine  complex,  Cr(N3)3-- 
3CSHSN,  which  was  Insol  in  most  org  sol- 
vents but  si  sol  in  CjH5  N or  glycerol.  The 

dried  fin  vaenni  snhef  evnlnded  wmlpmlv  on 
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heating  (Refs  5 & 7).  Another  complex  sodium 
chromium  azide,  CrN6*3NaN3,  green  crysts, 
was  prepared  by  Oliveri-Mandala  & Cornelia  (Ref 
6)  by  adding  3 mols  of  NaN3  in  ale  to  a soln  of 


of  freshly  prepd  Cr(OH)3  in  coned  aq  HN,. 

Aq  solns  of  sodium  chromium  azide  did  not 
react  with  Cr  or  Nj  but  with  AgNO , gave  an 
expl  complex  salt.  The  sodium  chromium  azide 
is  considered  to  be  the  Na  salt  of  chromihy- 
dr azoic  acid,  H3Cr(N3)6,  but  this  acid  was  not 
isolated  because  it  decomposed  too  readily. 
Attempts  to  obtain  it  by  the  methods  of 
Wohler  & Martin  (Ref  4)  failed 

Strecker  & Schwinn  (Ref  8)  prepd  the  fol- 
lowinp  chromium  azide  comrvlev  salts: 

[Cr(NHj)4]  (Nj),  and  [Cr(NH^  Cl]  (N,)a  {See 
Table  A under  Ammines  and  also  see  Ref 
10  for  prepn  and  props  of  Cis-diazidobis- 
ethylenediamine  chromium  azide , cis-[Cr(en)3 
(Nj)J  N,. 


Refs:  l)L.M.Dennis,  ZAnorgChem  6,  35 


/I  n t a to  r\  i i f\/s  /v 

oc  j nco  k u j 74  ^1070) 


^ . * 
,v^uixiU5 


& J.Rissom,  JPraktChem  58,  266(1898)  & 

JCS  76  II,  92(1899)  3)T. Curtins  & A.Darapsky, 

JPraktChem  61,  408-22(1900)  & JCS  78  II,  * 
474-5(1909)  4)L. Wohler  & F.  Martin,  Ber  50, 
595(1917);  JCS  112  I,  383-4(1917)  & CA  11, 
2900(1917)  5)E.01iveri-Mandala,  Gazz49l I, 

A 'J  //I  Al  i 1 A -to  1 y 1 o^\a\  * 

<x  i**,  /ui\iyru;  o;n.uiivert- 
Mandal a & G.Comella,  Gazz  52  I,  112*5(1922) 

& CA  16,  2089(1922)  7)Meilor  8 (1928),  354 
8)W. Strecker  & E. Schwinn,  JPraktChem  152, 
205-18(1939)  & CA  33,  5314(1939)  9)Thorpe 
3 (1946),  109  10)M.Linhard  & M.Weigel, 
ZAnorgChem  271,  131-7(1952)  & CA  47,  7360 
(1953)  ii)K.Rosenwasser,  USArmyEngrRes 
&DevelopLabsRpt  1551-TR,  46(1958) 

' 'Hvrlraznic  Act’d  and  t-V«*»  Moral  a 

J — *•*••*“*  ..muwa  « 

literature  survey) 


Cobalt  Triazide  (formerly  call  Cobalt  Tri- 
nitride  or  Cobalt  Azoimide)  Co(N,)3,  mw 
142.99,  I\56.78%;  red-brn  crysts  (anhyd),  mp 
det  148°  (0.02  g in  5 sec)  (Ref  5),  hygroscopic 
and  easily  hydrolyzed  (Ref  4).  The  basic 
cobalt  azide,  Co(OH)Ns  was  first  prepd  in 
1898  by  Curtius  & Rissom  (Ref  1).  An  aq 
soln  of  cobalt  azide  was  studied  by  Dennis 
& Isham  (Ref  2).  The  anhyd  salt,  prepd  by 
the  action  of  cobaitous  carbonate  on  hydrazoic 
acid,  was  prepd  by  Wohler  (Ref  3)  and  by 

Wohler  &i  Martin  fRef  4^  Mcrhorlc  n f o 

....  » 


also  described  in  Refs  6,7, 8&  10) 

A . . _ ..  1 • - TT7  '_•»  i /Tfc  r'-  J - !_ 

/vccoraing  10  wunier  \i\ei  j),  k-u  <t4:iuc 
extremely  easily  detond  by  friction, and  a 
0.01-0.05g  compressed  sample  is  detond  by 
impact  (Ref  5).  Wohler  & Martin  (Ref  4)  con- 
sider Co  azide  even  more  expl  and  more 
dangerous  than  either  Pb  or  Ag  azide.  A thin 
layer  of  Cr  azide  crysts  exploded  by  a hot 
wire  gave  a measured  vel  of  deton  of  3400 
m/s  (Ref  10).  After  being  subjected  to  neu- 
tron bombardment  no  measurable  difference 
in  vel  of  deton  was  observed. 

Cobalt  Azide  Complexes  — Curtius  & Rissom 
(Ref  1)  found  that  potassium  cobaltoazoimide , 

r T/Yl  \ 1 «_  .a 3 I 1 — _ _ C aL  a. 

LIUN5*^UU^3/2Jt  PPLU  WUC|1  SUUIlg  VI  Uic 

two  azides  were  mixed.  This  compd  appeared 
as  bright-blue  crysts  (pink  in  soln)  which 
expl  at  225°,  The  ammonium  anologue, 
C(NH4)NJ(CO(N,)3]  , was  similar  in  appearance 
and  props  (Ref  1). 

Dennis  & Isham  (Ref  2)  observed  that  on 
adding  pyridine  to  an  aq  soln  of  Co  azide, 
a pink  ppt  formed  which  partially  dissolved 
in  excess  pyridine  and  on  evapn  in  air  yielded 
a green  crysc  ppt,  insol  in  water.  Another 
portion  of  the  pink  ppt  was  filtered,  washed 
with  water,  then  with  a small  amt  of  pyridine 
and  finally  redissolved  in  excess  pyridine. 

A dark-red  soln  was  obtained  which  on  evapn 
in  a desiccator  produced  small  red  cransp 
crysts,  [CoN;-6C.  H.  Nl:  insol  in  w.  and 
which  became  opaque  in  w or  on  exposure  to 
air  (Ref  2). 

Strecker  & Oxenius  (Ref  9)  were  unable  to 
prep  by  the  usual  methods  Co  complexes 
contg  the  azido  group,  because  of  the  tend- 
ency of  Co(Nj)a  to  hydrolyze.  They  succeeded, 
however,  in  pi-eng  by  using  other  methods 
the  following  complexes:  a)  Hexammine- 

cobaltic  azide,  [Co(NH3)6]  (N3)3,  yel  solid— 
by  interacting  hexamminecobaitic  sulfate  with 
Ba  azide  in  aq  soln  b)Chloropentammine- 


by  treating  chloropentamminecobaltic  sulfate 
with  Ba  azide  in  aq  soln  (See  Table  C under 
Ammine  s)  c)T  etramminediazidocobaltic 
azide,  [Co(NH3)4(N,)2]*N3,  red-brn-  by  treating 
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tetramminediazidocobaltic  chloride  with 
hydra  zoic  and  (See  also  Table  B under 
Ammines)  d)Diethylenediamminediazido- 
cobaltic  azide,  [Co(CaH4NHa)a(Na)a]Ns,  grn- 
by  treating  diethylenediaraminediazidocobaltic 
chloride  with  hydrazoic  acid.  All  these 
complexes  are  sol  in  w and  are  expl  when 
dry 

Several  other  complexes  of  this  type  are 
described  in  Refs  9 and  6 

Refs:  l)T.Curtius  & J.Rissom,  JPrakt 

Chem  58,  261-309(1898)  & JCS  (2)  76,  92 
(1899)  2 )L.M.  Dennis  & H.  Isham,  JACS  29, 
22(1907)  & CA  1,  528(1907)  3)L.Wohler, 
ZAngChem  27,  335-6(1914)  & CA  9,  1115 
(1915)  4)L. Wohler  & F. Martin,  Ber  50,  592 
(1917);  JCS  112  I,  383-4(1917)  & CA  11, 
2900(1917)  5)L.  Wohler  & F.Martin,  ZAng 
Chem  30,  33-9(1917),  JSCI  36,  570(1917)  & 

CA  11,  3433(1917)  6)Mellor  8,  (1928), 355 

7) Gmelin,  System  No  58,  Teil  A (1932),  251 

8) L.F.Audrierh,  CheroRevs  15,  199  & 201 
(1934)  & CA  29,  700(1935)  9)W.Strecker  & 
H.Oxenius,  ZAnorgCbem  218,  151(1934)  & 

CA  28,  5002(1934)  10)F.P. Bowden  & K. 

Singh,  ProcRoySoc  227A,  24(1955)  & CA  49, 
4991(1955)  ll)H.Rosenwasser,  USArmy 
EngrRes&DevelopLabsRpt  1551- TR  45(1958), 

' 'Hydrazoic  Acid  and  the  Metal  Azides"  (a 
literature  survey) 

Cupric  Azide  (formerly  called  Cupric  Azoimide 
or  Copper  Trinitride)  Cu(Na)a,  mw  147.59, 

N 56. 93%;  dk  brn  with  red  tinge,  rhmb  crysts, 
mp-begins  to  dec  slowly  ca  120°  and  rapidly 
ca  150°  (Ref  13),  deton  ca  174°  (Ref  4);  d at 
25°  2.20  to  2.25  (Ref  17),  Qf  139.4  kcal/mol 
(Ref  20);  sol  in  all  acids  and  in  most  org 
bases,  si  sol  in  w,  hydrolyzed  by  boiling  w 
to  CuO,  insol  in  neutral  solvents  (Ref  10) 

Cupric  azide,  with  % or  1 mol  HaO,  was 
first  prepd  in  1898  by  Curtius  & Rissom  (Ref 
1)  by  mixing  dil  aq  solns  of  Cu  sulfate  and 
Na  azide,  washing  the  ppt  with  ice  w and 
drying  it  in  a desiccator  (Ref  18)  They  also 
obtd  it  by  the  action  of  3.87%  hydrazoic  acid 
on  Cu  fptd  by  Zn.  Browne  et  al  (Ref  6)  found 
that,  in  addn  to  C^NjJj,  some  CuNj  was 


formed  on  electrolysis  of  a soln  of  Amra 
azide  in  liq  NH,  at  -67°,  using  a copper 
anode.  Pure,  anhyd  Cu(Na)a  was  prepd  by 
Straumanis  & Cirulis  (Refs  11  & 13)  by  the 
following  methods:  a)from  Cu(NO})a*3HaO 

and  aq  NaNOs  b)from  Cu(NOs)a‘3HaO  and 
LiN}*HaO  in  abs  ale  c)from  Cu(Ns)a-2NHs 
by  decompn  at  100-5°  d)from  Cu  pdr  and  aq 
HN»,  as  dk  coarse  crysts  and  e)  from  CuO 
and  coned  HNS,  as  dk  gm  crysts  of  inter 
mediate  size  and  particularly  sensitive  to 
expin  (Ref  13).  Although  these  azides  dif- 
fered slightly  in  appearance,  they  all  had 
the  same  crystn  structure  as  shown  by  X-ray 
photographs  (Ref  11).  For  addnl  info  on  prepn 
of  cupric  azide,  see  Refs  7, 9, 19  & 21 

According  to  Curtius  and  Rissom  (Ref  1), 
the(ahyd)Cu(Nj)a  was  considered  to  be  very 
sensitive  to  shock  or  heat,  even  when  water 
wet.  Based  on  more  recent  data,  Cirulis 
(Ref  11  & 13)  states  that  the  product  is  sen- 
sitive only  when  dry  or  wet  with  ether;  the 
moist  product  wet  with  ale  is  rather  in- 
sensitive to  friction  or  shock.  The  sensitivity 
of -the  dry  azide  to  friction  is  so  great  that 
it  explodes  while  being  removed  from  filter 
paper  (Refs  7,18&21) 

Explosive  Properties  — Brisance  — si  greater 
than  Pb(N,)a  (Ref  13) 

Detonation  Rate  — 5000  to  5500  m/sec(Ref  11) 
Explosion  Temperature  — 174°  for  0.02g 
sample/5  sec  (Ref  4)  to  202-5°  (Refs  9&11); 
not  decompd  thermally  without  expin  (Ref  5) 
Friction  Sensitivity  — extremely  sensitive 
(Refs  7, 11,13, 18& 21) 

Gas  Volume  on  Explosion  — 607  1/kg  as 
compared  to  308  1/ kg  for  LA  (Ref  13) 

Impact  Sensitivity  (1  kg  wt)  — det  under  im- 
pact (Ref  4);  1cm  for  crystn  product  and 
2 cm  for  amor  product  against  4 cm  for  LA 
(Refs  11,13,  & 21) 

Initiating  Efficiency  — very  small  quantities 
are  needed  to  initiate  other  expls,  for  ex- 
ample PETN  is  initiated  by  0.0004g  Cu(Ns)a 
compared  with  0.0025g  by  LA  and  0.18g  by 
MF  (Ref  13) 
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Power  by  Trauzl  Test  — 115  cc/lOg  sample 
(Refs  9&11) 

Stability  in  Storage  — No  loss  in  wt  on  stor- 
age at  RT  for  one  year  (Ref  13). 

The  use  of  polyvinyl  ale  or  gelatin  for  the 
desensitization  of  cupric  azide,  its  decompn 
in  moist  air  or  high  temp  and  its  use  in  deto- 
nators were  described  recently  (Ref  20a) 

Infrared  absortion  spectra  were  obtained 
by  Delay  et  al  (Ref  17)  in  the  range  3-19ft. 

Cirulis  (Ref  13)  found  that  LA  loaded  into 
copper  caps  can  form  copper  azide  if  moisture 
is  present.  Hydrazine  and  hydroxylamine  re- 
duce Cu(N3)2  to  white,  cuprous  azide,  CuN, 

(Ref  11).  Other  reactions  involving  cupric 
azide  are  described  below: 

Cupric  Amminoazide  (Ammoniate  of  Copper 
Azide),  Diammine  copper  azide,  [Cu(NH,)a] 
(Nj)3,  mw  181.65,  N 61.69%;  green  crysts, 
expl  when  heated  or  struck.  Obtained  by  Dennis 
& Isham  (Ref  2)  by  shaking  freshly  pptd 
black  cupric  hydroxide,  while  still  moist,  with 
an  excess  of  hydrazoic  acid,  and  washing  and 
dissolving  the  ppt  in  aq  ammonia.  This  compd 
was  also  prepd  by  Browne  et  al  (Ref  6)  and 
studied  by  Strecker  & Schwinn  (Ref  8)  and 
by  Straumanis  & Cirulis  (Ref  11)  (See  also 
Ref  21,  p 149  and  Table  D under  Ammines 
in  this  dictionary).  Tetrommine  copper  ozidef 
[Cu(NHs),](N3)2,  mw  215.72,  N 64.90%,  blue 
crysts,  expl  at  202°  and  on  impact.  Prepd  by 
Strecker  & Schwinn  (Ref  8)  and  by  Straumanis 
& Cirulis  (Ref  11)  from  cupric  azide  and  NHS, 
(either  liq  or  the  dry  gas).  Only  the  di-  and 
tetrammino-  compds  were  prepd,  (See  also 
Ref  21,  p 149  and  Table  D under  Ammines) 

Cupric  Azide,  Basic  (Anhydrous  Cupric 
Oxyazide),  CuO-Cu(Nj)a,  mw  227.13,  N 37.00%; 
yel  solid,  expl  203-5°  (Ref  11),  ignites  245° 
(Ref  3).  Cirulis  & Straumanis  (Ref  11)  as- 
signed to  it  the  formula  Cu(OH)Ns.  Basic 
cupric  azide  was  first  prepd  by  Wohler  & 

Krupko  (Ref  3)  on  heating  cupric  azide  in  w 
at  70*80°,  followed  by  drying  in  air  free  from 
COa,  until  hydrazoic  acid  is  evolved.  This 
compd  expl  at  7 to  8 cm  under  1kg  impact 


(Ref  11)  and  is  about  one  third  as  sensi- 
tive as  normal  cupric  azide  (Refs  7&21,  p 
154).  The  basic  azide,  Cu(Nj)a-Cu(OH),,  is 
formed  on  retention  of  water  by  the  oxyazide 
or  prepared  by  reacting  an  ale  soln  of 
Cu(NOj)a  with  an  aq  soln  of  dimethyl  or  di- 
ethylamine  and  NaNs  (Ref  11,  p 332-4).  An- 
other basic  azide,  Cu(Ns)a*2Cu(OH)a,  was 
prepd  by  treating  Cu(NH,)a(Nj)a  with  water 
at  80°  until  the  water  becomes  col.  This 
product  is  a yel  grn  powder,  insol  in  water, 
hydrolyzed  by  water  above  80°,  and  is  sol 
in  acids  and  bases,  it  expl  at  199-200°  and 
under  1kg  impact  at  8 cm  (Ref  11,  p 332-4) 
(See  also  Refs  7,9  & 21,  p 155) 

Cupric  Azide  Complexes.  Cupric  azide  forms 
numerous  complex  compds,  such  as  [Cu 
(C5  H#  N)a]  (N,)a  and  [Cu(CaH4(NHa)a)a](NJ)J, 
wherein  the  azide  group  is  analogous  to  the 
corresponding  halides  (Ref  8).  The  cupric 
pyridine  azide,  Cu(Ns)a‘2Cj  Hj  N,  mw  305-78, 

N 36.65%;  brn  ndls  insol  in  water  but  readily 
sol  in  dil  acids.  Was  first  prepd  by  Dennis 
& Isham  (Ref  2)  by  the  action  of  pyridine  on 
cupric  azide.  It  was  studied  by  Strecker  & 
Schwinn  (Ref  8)  and  by  Cirulis  & Straumanis 
(Ref  11,  p 341).  This  compd  expl  at  205°  and 
under  a 1 kg  impact  at  20  cm.  It  is  an  expl 
weaker  than  Cu(Ns)a«2NHj  (Refs  7 & 21) 

The  copper  azide  chloride,  Cu(Ns)a‘3CuCla 
6H,0  or  Cu(N,)a*3CuCla  prepd  by  Straumanis 
& Cirulis  (Ref  16)  expl  at  207-8°  The 
hydrate  cannot  be  dehydrated.  Therefor  the 
anhyd  compd  should  be  prepd  from  abs  ale 
The  general  types  of  copper  azide  addn 
compds:  a)[Cu(Ns)6]  b)[Cu(Ns)J”  c) 

[Cu(Ns),]_  and  d)[(N,)aCuNjCu(N,)a]*  have 
been  prepd  and  studied  by  Straumanis  & 
Cirulis  (Ref  16).  These  brn  to  grn  azido 
cuprates  were  prepd  by  dissolving Cu(N,)a  in 
aq  or  ale  solns  of  sol  azides.  Compds  a)&b) 
are  stable  in  coned  aq  solns,  c)  is  stable 
only  in  ale  soln,  and  d)  only  in  the  presence 
of  an  excess  of  RNHSNS  or  HNS.  The  same 
authors  have  prepd  and  studied  nonelectrolyte 
complexes  (Ref  11,  p 335  & Ref  14)  and  other 
azido  cuprates  with  org  cations  in  Refs  12, 
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15  & 16.  Many  of  these  compds  are  expl  and 
deton  when  heated  or  struck  (See  also  Ref 
21,  p 150-4  and  Azido  Complexes  under 
Ammines) 

Refs:  l)T.Curtius  & J.Rissom,  JPraktChem 

58,  295(1898)  & JCS  (2)  76,  92(1899)  2)L.M. 
Dennis  & H.Isham,  JACS  29,  19(1907)  & CA 
1,  528(1907)  3)L. Wohler  & W.Krupko,  Ber 
46,  2055(1913);  JCS  104  II,  703(1913)  & CA 
7,  3088(1913)  4)L.W8hler  & F.Maxtin,  Ang 
Chem  [1]  30,  33*9(1917);  J SCI  36,  570(1917) 

& CA  11,  3432(1917)  5)A.R.Hitch,  JACS 
40,  1195-1204(1918)  & CA  12,  1951(1918) 
6)A.W.  Browne  et  al,  JACS  41,  1770-2(1919) 

& CA  14,  28(1920)  7)Mellor  8 (1928),  348 
8)W.Strecker  & E. Schwinn,  JPraktChera  152, 
205-18(1939)  & CA  33,  5314(1939)  9)A. 
Cirulis,  Naturwissenschaften  27,  583(1939) 

& CA  33,  9175  (1939)  10)M.Straumanis  & 

A. Cirulis,  ZAnorgChem  251,  315-31(1943)  & 
CA  37,  6573(1943)  11)A. Cirulis  & M. 
Straumanis,  ZAnorgChem  251,  332-54(1943) 

& CA  37,  6573*4(1943)  12)M. Straumanis  & 
A.Cirulis,  ZAnorgChem  252,  121-5(1943)  & 
CA  38,  1701(1944)  13)A. Cirulis,  SS  38,  42- 
5(1943)  & CA  38,  1879(1944)  14)A.Cirulis 
Si  M.Straumanis,  jPraktChem  162,  307-28 
(1943)  & CA  38,  1969-70(1944)  15)A.Ciruiis 
& M.Straumanis,  Ber  76B,  825*30(1943)  & CA 
38,  1970-2(1944)  16)M.  Straumanis  & A. 

Cirulis,  ZAnorgChem  252,  9-23(1943)  & CA 
38,  3564(1944)  17)A.Delay  et  al,  CR  219, 
329-33(1944)  & CA  40,  4273(1946);  BullFr 
12,  581-7(1945)  & CA  40,  2386(1946)  18) 
Thorpe  1 (1947),  562  19)Kirk  & Othmer  7 
(1951),  594  20)T.Waddington  & P.Gray, 
ComptRend  27e  ConglmerChimlnd,  Brussels 
1954,  3;  IndustrieChimBelge  20,  Spec  No 
327-30  (1955)  & CA  50,  16328(1956)  20a) 
S.Okubo  et  al,  TokyoK&gyoShikenshoH8koku 
52,  311,315(1957)  & CA  52,  8559(1958)  21) 
Gmelin,  System  No  60,  Teil  B,  Liefurung  1 
(1958),  142-4  & 149-55  22)H.Rosenwasser, 
USArmyEngrRes  & DevelopLabsRpt  1551-  TR, 
43(1958)  "Hydrazoic  Acid  and  the  Metal 
Azides”  (a  literature  survey) 

Cuprous  Azide  (formerly  called  Cuprous 


Trinitride  or  Cuprous  Azoimide),  CuN3,  mw 
105.56,  N39.81%;  wh  or  si  yel-grn  crysts 
changing  under  sunlight  to  deep  red  with  a 
violet  tinge;  mp  — deflg  ca  174°  (Ref  5)  to 
220°  (Ref  4)  expl  217°  in  5 sec(Ref  19);  d 
3.26  (Ref  15);  Qe  58.7  k cai/mol  (Ref  7); 

Qf— 67.2  kcal/mol(Ref  17);  theor  temp  on 
expln  3 152°  (Ref  7);  practically  insol  in 
water  (0.08g/l)  and  in  2%  HN3  (0.29g/l)  at 
RT  (Ref  14) 

Curtius  in  1890  (Ref  1)  described  the 
existence  of  cuprous  azide,  (deep  red  in 
color),  obtained  by  treating  cuprous  oxide 
with  hydrazoic  acid.  Wohler  & Krupko  (Ref  4) 
reported  a new  subst,  CuN$,  prepd  by  grad- 
ually adding  a soln  of  NaN,  to  an  excess  of 
a coned  soln  of  copper  sulfite  to  which  K 
sulfite  had  been  previously  added,  followed 
by  AcOH  in  sufficient  quant  to  dissolve 
the  ppt.  Browne  et  al  (Ref  8)  found  that  some 
CuNs  was  formed  by  electrolysis  of  a soln 
of  ammonium  azide  in  liq  NH3  at  “67°  using 
Cu  electrodes,  although  earlier  investigations 
by  Turrentine  & Moore  (Ref  3)  produced 
electrochemically  a compd  corresponding  to 
the  formula  CuNj^HjO.  Straumanis  & Cirulis 
(Ref  14)  found  that  in  the  reaction  of  Cu  with 
HNj,  CuN3  was  formed  as  an  intermediate 
which  was  subsequently  oxydized  to  Cu(N3)j. 
Cirulis  reported  (Ref  11)  that  CuO  or  Cu(OH)2 
with  an  aq  soln  of  HN3  yielded  CuN3  as  fine 
moss-grn  crysts  which  expld  when  dry  by 
whisking  with  a brush.  Deniges  (Refs  12 & 

13)  in  a study  of  the  analogy  between  the 
azide  ion  and  the  halogen  ion  described  the 
prepn  of  CuN3  which  was  obtained  as  white 
hexahedral  crysts  whose  props  paralled  those 
of  the  cuprous  halides 

In  a study  of  the  cryst  structure  of  CuN3, 
Wilsdorf  found  (Ref  15)  that  the  azide  obtained 
either  by  reduction  of  a CuS04  soln  by 
KHSOj  and  addn  to  NaN3  or  by  treating  Cu 
powdr  with  NH4OH  show  the  same  X-ray  pat- 
terns. Suzuki  (Ref  16)  made  thermodynamic 
studies  of  CuN3  and  from  the  reaction  Cu  + 

% Na  “ CuN3  obtained  the  following  results: 
AF°  = 71.219  cal  & AH°  = 60,230  cal 

Cuprous  azide  is  highly  sensitive  to  heat, 
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impart  and  friction,  Tht  bnsanco  is  c lo so 
to  that  of  Ag  azide.  Its  expl  props  are  affected 
by  cryst  size:  small  crysts  (0.06  to  0.09  mm) 
expl  on  impact  and,  when  3 mm  in  size  and 
dry,  may  expl  by  the  touch  of  a feather. 
Spontaneous  deton  can  occur  even  under 
water  (Ref  2).  It  will  expl  in  contact  with  a 
red-hot  ^vire  and  detor.  either  in  open  air  or 
in  vacuo  by  mechanical  effect  (Ref  10).  Deton 
by  impact  under  0.60  kg  falling  wt  occurs 
from  9-5  cm  for  0.01  g sample  to  24  cm  for 
0.05  g sample  of  small  crysts  (Refs  4 & 5) 

A recent  study  of  the  sensitivity  of  cuprous 
azide  to  heat  and  impact  by  Singh  (Ref  20) 

n f t rrrs  o tAr  ! nOi-Irtne  cKnni » n r> 



sensitivity  increases  with  an  increase  in 
cryst  size.  The  activation  energy  involved 
in  its  thermal  decompn  has  been  established 
as  26.5  k cal  (Ref  20).  In  addn  to  heat  of 
deton,  temp  deveipd  on  expln,  work  density 
and  loading  density,  Wohler  & Martin  (Refs 

A s,  7\  :_c_ 

'A  / / H.puic  LMV  IW11V  WlUg  HUkS  VY1LII 

respect  to  the  initiating  efficiency  of  CuNs: 


Minimum  Priming  Charge 
Reqd  to  Initiate  HE's 


HE 

CuN3j  g 

LA,  g 

MF,  g 

Tetryl 

0.025 

0.025 

0.29 

PA 

0.045 

0.025 

0.30 

TNT 

0.095 

0.09 

0.36 

tvt  a 

jL 

n n 
VO  t J 

f\  -n  f» 

U,40 

0.37 

TNX 

0.40 

— 

0.40 

Cuprous  azide  is  thus  indicated  to  be  an 
efficient  initiator.  For  addnl  info  on  prepn  of 
cuprous  azide  see  Refs  9 & 1 8 


In  a large  variety  of  detonators,  in  which 
LA  has  been  loaded  into  brass  containers, 
cuprous  azide  is  formed  on  the  surface  of 
containers  stored  under  hot  and  humid  con- 
ditions. Extreme  care  should  be  exercised 
in  handling  cuprous  azide  or  any  components 
of  ammunition  in  which  it  may  be  formed 


Refs:  l)T.Curtius,  Ber  23  , 3023(1890  ) 2) 

t towli 7i. _/"i 'iA  irtnif/inm  i>.  

L»  nvmvi,  onilgy^UVIll  ttj  U ^jllt III 


Ztg  35,  1096(1911)  3)J.W.Turrentine  & R.L. 
Moore,  JACS  34,  375-82(1912)  & CA  6,  1410 
(1912)  4)L. Wdhler  & W.Krupko,  Ber  46, 


o/ki/iohv  ir-c  Ifli  tt  7n*MOH\  n,  r A 7 

J J ) 'V*T  r ^ 5 

3088(1913)  5 )L. Wohler  & F.  Martin,  ZAng 
Chem  30,  33-9(1917)  & CA  11,  3432(1917) 

6) L. Wohler  & F. Martin,  Ber  50,  595(1917); 
JCS  112  I,  384(19  1 7)  & CA  11,  2901(1917) 

7) L.W{Jhier  & F. Martin,  SS  12,  2,  18,41& 
57(1917)  & CA  12,  629(1918)  8)A.W.Browne 

__  «1  li  r-C  *1  1 7T)/  1 Ol  ON  A TA  9ft 

tV  j A / M,  ’ M “ w 

(1920)  9)MelIor  8(1928),  348  10)H.Muraour 
et  al,  TransFaradSoc  34,  991(1938)  & CA 
32,  9502(1938)  ll)A.Cirulis,  Naturwissen- 
schaften  27,  583(1939)  & CA  33  , 9 1 75(193  9) 

12)G.Deniges,  BullTransSocPharmBordeaux 

79,  7&  12(1941);  Bull  Fr{5]  10,  177-80(1943); 


SL^I-AtyOiA^  B,  r- A 9Q 

— n,  W «'«| 


13)G.Deniges,  BullTransSocPharmBordeaux 
80,  97-104(1942);  ChemZtr  1943  I,  2 674-5  & 
CA  38,  4876(1944)  14)M.Straumanis  & A. 
Cirulis,  ZAnorgChem  251,  315(1943)  & CA 
37,  6573(1943)  15)H.Wilsdorf,ActaCryst  1, 
115-8(1948)  & CA  42,  7594(1948)  16)S. 


c i.: 
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269(1953)  & CA  47,  11934(1953)  17)T. 

Waddington  & P.Gray,  ProcRoySoc  235A, 
489(1956)  18)GmeIin,  System  No  60,  Teii 
B,  Lieferung  1 (1958)  142-4  19)H.Rosen- 
wasser,  USArmyEngrRes&DevelopLabsRpt 


j5l-TR,  43(1958)  "Hydrazoic  Acid  and  the 

1 x » t «•  J ««  V VT/ 


,i  a t ~ i: 


^ 7mv 

y j 


Singh,  TransFaradSoc  55,  124(1959) 
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Cyanazide,  See  under  Cyanocompounds  and 
Derivatives 


Cyonuric  Triazide,  See  under  Cyanocompounds 
and  Derivatives 


Dicyondiazide,  See  under  Cyanocompounds 
and  Derivatives 


Fluorine  Azide,  FNS,  mw  61.02,  N68.86%, 
grn-yel  solid  at  -154°,  mp  explodes  on  evapg 
and  at  RT  decomps  to  Na  and  NaFa.  It  was 
prepd  by  A.W.  Browne  & J.F.  Haller  in  1942 
by  treating  HN,  with  fluorine  in  a stream  of 
Na  [J.F. Haller,  Dissertation,  Cornell  U 
(1942)  cited  by  N.V.Sidgwick,  ’’The  Chem- 
ical Elements  and  their  Compounds”,  Vol  1 
(1950)  p 718  Oxford  University  Press,  London]. 
No  further  work  is  known  to  have  been  re- 
ported since  the  original  prepn  of  fluorine 
azide 


Gallium  Triazide,  Ga(N,),,  mw  195.79,  N 
64.39%;  col  crysts,  sol  in  tetra  hydro  fur  an, 
sens  to  moisture.  Prepd  by  Wiberg  & Michaud 
(Ref  1)  by  adding  an  eth  soln  of  excess  HN, 
to  a frozen  eth  soln  of  GaH,  and  thawing  the 
mixt  at  RT.  Excess  HN,  and  eth  were  re- 
moved by  distn  at  “25°  and  heating  to  RT  in 
vacuo.  The  eqn  for  the  reaction  is  GaH,  + 
3HN,  -*•  Ga(N,),  + 3Ha.  Analysis  of  the  azide 
gave  GaHo.j  (Ns)a.«-  No  exP^  props  were  given 
Refs:  1)E. Wiberg  & H. Michaud,  ZNaturforsch 

9b,  502-3(1954)  & CA  49,  768(1955)  2)H. 
Rosenwasser,  USArmyEngrRes  &DevelopLabs 
Rpt  1551-TR,  48(1958)  "Hydrazoic  Acid  and 
the  Metal  Azides  (a  literature  survey) 

Gold  Azide  (Aurous  Azide),  AuN,,  mw  239.22, 


N17.5%;  orange  ndls  extremely  expl  were 
obtained  by  Curtius  & Rissom  (Ref  1)  on 
evapg  a soln  of  a mixt  of  gold  chloride  and 
Na  azide.  They  also  obtd  a Sodium  Gold 
Azide,  as  an  orange,  crystn,  extremely  expl 
residue,  on  evapg  a soln  of  a mixt  of  auro- 
chloric  acid  and  Na  azide.  The  structure  of 
these  compds  was  not  supported  with  evidence. 
While  investigating  methods  of  prepg  Au 
azide,  Rogers  (Ref  3)  obtd  sodium  gold  azide 
and  detd  its  props  and  structure:  NaAu,.^- 
Nj.oj , or-red  ndls;  mp  begins  to  dec  at  90°, 
rapid  decompn  at  117°  and  expl  at  ca  130°; 
extremely  sol  in  w giving  unstable  aq  solns 
which  dec  on  standing  in  light,  sol  in  ale 
or  acet,  si  sol  in  dry  eth  and  insol  in  chlf 
or  CCI4.  Its  method  of  prepn  was  the  treating 
a soln  of  aurochloric  in  eth  with  dry  Na 
azide.  The  color  of  the  soln  changed  rapidly 
from  bright  yel  to  deep  rd-brn  indicating 
immediate  reaction.  After  standing  overnight 
with  intermittent  shaking  the  soln  was 
filtered  and  evapd  to  dryness  at  RT.  Purifi- 
cation was  made  by  washing  with  eth  and 
crystg  from  abs  ale  (Ref  3) 

Microscopic  examination  and  qualitative 
analysis  proved  the  existence  of  a pure  compd 
which  was  extremely  expl  and  unstable  even 
in  aq  solns  (Ref  3) 

Refs:  1)T. Curtius  & J. Rissom,  JPraktChem 

58,  304(1898)  & JCS  76  Q,  92(1899)  2)Mellor 
8 (1928),  349  3)G.T. Rogers,  JInorgNuclear 

Chem  5,  339(1958)  & CA  52,  8815(1958)  4) 

H.  Rosenwasser,  USArmyEngrRes  & Develop 
LabsRpt  1551-TR,  43(1958)  "Hydrazoic  Acid 
and  the  Metal  Azides'*  (a  literature  survey) 

Hydrazine  Azide  (formerly  called  Hydrazine 
A zoimide, Hydrazine  Trinitride  or  Hydrazonium 
Azide)  (called  by  Curtius  Diammonium  Azide, 
Nf  Hj  ),  NaH,*HN„  mw  75.08,  N93-29%;  rhmb, 
hygr  crysts;  mp  75.4(Ref  6);  v sol  in  w,  sol 
in  hydrazine (190%  at  23°),  methanol  (6.1%  at 
23°)  and  in  ale  (1,2%  at  23°C),  not  appreciably 
sol  in  chlf,  carbon  tetrachloride  benz,  carbon 
disulfide,  ethyl  acetate  or  diethyl  ether  (Ref 
6).  First  prepd  by  Curtius  in  1891  (Ref  1)  by 
neutralizing  hydrazoic  acid  with  hydrazine 
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hydrate  or  by  pouring  hydrazine  hydrate 
over  ammonium  azide  and  evapg  the  mixt  in 
a flat  dish  placed  in  a desiccator.  This 
latter  method  of  prepn  was  patented  by  Muller 
in  1936  (Ref  10).  The  cryst  product  obtained 
by  Curtius  was  in  the  form  of  long 
" lustrous  plates  or  prisms  (mp  ca  50°)  which 
detonated  violently  on  rapid  heating  but  the 
azide  also  burned  quitely  with  a smoky  yel 
flame  when  heated  slowly  (Ref  1).  The  moist 
salt  is  also  expl  (Ref  11).  Curtius  & Rissom 
(Ref  2)  reported  that  hydrazine  azide  begins 
to  melt  at  65°  and  decomp  energetically  at 
108°.  Dresser  & Browne  (Ref  6)  prepd  a very 
pure  material  (mp  75*4°)  which  was  relatively 
stable  since  it  showed  only  very  si  decompn 
when  heated  to  110°  in  vacuo  for  several 
days.  Thrown  upon  a hot  plate  it  burned  with 
a puff,  but  without  deton.  According  to  Dresser 
& Browne,  hydrazine  azide  is  entirely  insen- 
sitive to  ordinary  mech  shock  or  impact  (Ref 
6).  This  compd  reacts  readily  with  benzalde- 
hyde  and  with  acet  and  is  regarded  by  Ephraim 
(Ref  11)  as  a polymer  of  imide,  (NH)j  (See 
also  Refs  4,7&9) 

Hydrazine  Azide  Monohydraxinate,  N2Hg  Na- 
N2H4,  raw  107.13,  N 91-53%;  wh  delq  crysts, 

mp  66.4°;  v sol  in  w or  in  anhyd  hydrazine. 
Prepd  by  treatment  of  a nearly  satd  soln  of 
hydrazine  azide  in  anhyd  hydrazine  with  an 
equal  vol  of  abs  ale  (Ref  6).  This  solvate 
was  first  obtained  by  Riegger  in  the  lab  of 
Cornell  Univ  (Ref  3)  and  has  the  same 
empirical  formula  as  normal  hydrazonitrous 
acid  (3  -hydrazinopentazane)  or  as  heptazane 
(Refs  5 & 6).  In  order  to  establish  the  identity 
of  this  monohydrazinate  and  establish  whether 
higher  solvates  exist,  the  temp-concn  diagram 
was  detd  for  the  system  hydrazine  azide- 
hydrazine.  This  investigation  showed  only  one 
solvate  formed,  with  eutectics  located  at  51° 
and  -17°C  (Ref  6)  (Also  see  Refs  7&  9)-  No 
expl  props  were  mentioned 

Hydrazine  Azide  Hemiammonate,  (N2HS  N3)2NH3, 
raw  167.21,  N 92. 16%;  wh  delq  crysts  which 
exhibit  extreme  hygr  on  exposure  to  air  but 


stable  in  the  absence  of  moisture.  It  was 
isolated  and  identified  by  Howard  & Browne 
(Ref  8)  in  a study  of  equilibria  in  the  system 
hydrogen  azide- ammonia.  It  is  easily  prepd 
by  condensing  liq  ammonia  upon  solid 
hydrogen  azide  and  permitting  the  soln  to 
evap  to  dryness  upon  warming  to  RT  (Ref  8, 
p 2352).  In  liq  ammonia,  the  hemiammonate 
undergoes  ammo  nolysis  to  an  extent  that 
varies  directly  with  temp  and  with  the  concn 
of  ammonia.  (See  also  Ref  9)-  No  expl  props 
were  determined. 

Refs:  l).T.Curtius,  Ber  (2)  24,  3342,3348-9 

(1891);  JCS  62  I,  113(1892)  & Ber  29,  772 
(1896)  2)T.Curtius  & J. Rissom,  JPraktChem 
58,  261(1898)  & JCS  76  11,  92(1899)  3)H.E. 
Riegger,  PhD  Thesis,  “Hydronitric  Acid  and 
Hydrazine  Trinitride,”  Cornell  University, 
Ithaca,  NY(1910)  4)Mellor  8 (1928),  344  5) 

A.W.Browne  & F.Wilcoxon,  JACS  48  , 683 
(footnote  13)  (1926)  6)A.  L. Dresser  & A.W. 

Browne,  JACS  55,  1963(1933)  & CA  27,  3417 
(1933)  7)L.F. Audrieth,  ChemRevs  15,  202 
(1934)  & CA  29,  700(1935)  8)D.H.Howard, 

Jr  & A.W. Browne,  JACS  56,  2348(193 4)  & 

CA  29,  700(1935)  9)GmeIin,  System  No  23 
(1936),  549-50  10)E. Muller,  GerP  634688 

(1936)  & CA  31,  511(1937)  ll)Ephraim 
(1943),  662 

HYDROGEN  AZIDE  AND  HYDRAZOIC  ACID 

(formerly  called  Azoimide,  Ammo-nitric  Acid, 
Hydrazonitrous  Acid  or  Hydronitric  Acid) 
(Stick  stoff  was  serstoffsaure  in  Ger).  It  exists 
as  anhydrous  and  as  aqueous  hydrogen  azide. 
The  latter  is  called  hydrazoic  acid.  The 
structure  of  hydrogen  azide  and  of  hydrazoic 
acid  has  been  the  subject  of  a number  of  in- 
vestigators, such  as  Mendeleeff  (Ref  2), 
Thiele  (Ref  27  & 28),Turrentine  (Ref  35), 
Franklin  (Ref  62),  Hendricks  & Pauling  (Ref 
63),  Herschberg  et  al  (Ref  98),  Pauling  & 
Brockway  (Ref  103),  Davis  (Ref  104),  Buswell 
et  al  (Ref  105),  Eyster  (Ref  111),  Shomaker 
& Spurr  (Ref  118), and  Lieber  et  al  (Ref  140). 
Various  other  investigators  studied  the  be- 
havior of  azides  and  proposed  structures 
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(See  Refs  58,69,71,79,90,96,101,1 17,136,137, 

142,147,148, 150  & 154).  It  is  now  generally 

agreed  that  the  hydrogen  azide  molecule  has 

a hydrogen  atom  linked  by  a bond  at  an^ angle 

112°  to  the  linear  azide  group: 
o o 


VU2°>h 

Hydrogen  Azide,  Anhydrous,  HN,,  mw  43.03, 

N 97.66%  Col  liq,  fr  p ~80°  (Ref  18),  bp 

35.7°  (Ref  99)  & 37°  (Ref  18),  dt=  1.126/ 

( 1+0.0013 1),  where  t = 0 to  20°  (Ref  99/, 

QdecompD(liq)  67  ± 5%  kcal/moI(Ref  77), 

Or,  % -70.9  ± 0.5  kcal/mol  (Ref  99); 

^f(gas) 

Rossini  (Ref  146)  gives  for  heat  of  formn  at 
25°  -70.3  kcal/mol;  Qsola  in  9.7  ± 0.1 
kcal/ mol  (Ref  99),  Qvapzn  at  12.4°  7.3+0.01 
kcal/mol(Ref  99);  vapor  press  can  be  calcd 
from  the  formula  log10  P“8. 198  — 1643/T  mm 
Hg  (Ref  130).  Values  for  the  dipole  moment 
were  measured  by  Sidgwick  (Ref  91)  and  by 
Amble  & Dailey  (Ref  137) 

Browne  & LundeIi(Ref  23)  found  pure 
anhyd  HNj  to  have  low  electrical  conductivity 
but  the  addn  of  potassium  azide  very  greatly 
increased  its  conductivity.  Hydrogen  azide 
is  sol  in  w,  ale  or  eth  and  is  itself  a solvent 
for  many  substs  as  found  by  qual  investigatipns 
of  McKinney(Ref  59).  Vapors  of  HN,  are  con- 
sidered dangerous  (Refs  94,123,124  & 160); 
low  concns  produce  eye  irritation  and  head- 
ache, high  concns  affect  the  central  nervous 
system  and  continued  exposure  may  cause 
death  (Refs  3,67,84,102,131  & 133).  The  gas, 
aq  solns  and  its  salts  act  as  protoplasmic 
poisons  (Refs  67,84,145  & 151).  Two  cases 
of  accidental  poisoning  have  been  reported 
(Refs  66,86) 

Anhydrous  hydrogen  azide  was  first  prepd 
in  1891  by  Curtius  & Radenhausen  by 
fractionally  distilling  the  aq  soln  with  fused 
calcium  chIoride(Ref  4).  In  190 7 Dennis  & 

Isham  isolated  the  pure  compd  in  larger 
quanty  and  detd  some  physical  and  chem  props 
(Ref  18).  The  pure  compd  is  extremely  expl 
but  it  can  be  kept  for  days  at  RT  in  sealed 


tubes  without  change  (Refs  18 & 130).  After 
months  of  storage  its  tendency  to  expl 
spontaneously  becomes  much  greater  (Ref 
93).  It  expl  readily  when  subjected  to  the 
slightest  shock  or  when  heated.  Thermal 
decompn  takes  place  at  290°  and  at  4 cm  press, 
9-11%  of  HN,  decompd  in  25  min  (Ref  80).  * 

Traces  of  impurities  catalyze  the  reactn  to 
expln  (Ref  93).  Gaseous  HN,  also  decomp 
explosively  under  the  influence  of  an  elec 
spark,  with  emission  of  yel  light,  at  all 
press  of  HN,  above  5 mm  (Ref  156).  Introduction 
of  H,,  Na  or  A into  the  system  markedly  in- 
hibits expl  reaction,  Ha  exerting  the  largest 
inhibitive  effect  (Ref  156).  When  frozen  at 
4°K,  the  products  from  the  decompn  of 
gaseous  HN,  by  elec  discharge  formed  a blue 
solid  identified  as  NH4N3  (Ref  152).  Depo- 
sition of  HN,  at  77°K,  in  the  absence  of 
elec  discharge,  gave  a clear  col  glass  that 
became  polycrystn  at  148°K.  No  other  prods 
were  observed  above  148°K  (Refs  46,141  & 152). 
Ultra-violet  light  of  2200  A decomposes 
gaseous  HN,  into  Na,  Ha  and  NH,N,  (Ref  72). 
Beckman  & Dickinson  (Ref  85)  have  proposed 
a mechanism  for  this  decompn  and  they  detd 
the  no  of  mols  decompd  by  measuring  the 
press  of  the  Na  and  Ha  produced 

The  Hg  photosensitized  (at  2537  A)  de- 
compn of  gaseous  HN,  at  press  from  0.3  to 
20  mm  is  reported  to  parallel  closely  its 
photochem  decompn  (Ref  97).  The  variation 
of  absorption  as  a function  of  press  and  the 
influence  of  other  gases  are  given  by  Verdier 
(Ref  121)  mol  coefficients  of  absorption  by 
Bonnemay  & Verdier(Ref  129a), and  fluorescence 
of  the  HN,  mol  by  Gaviola  & Wood  (Ref  73) 

The  spectra  of  the  expln  of  HN,  at  18°  to 
130°  and  of  HN,— Hg  vapor  mixts  have  been 
studied  by  Tolmachev  (Ref  115)  who  found 
a similarity  with  the  spectra  of  slow  thermal 
decompn  flames.  Pannetier  (Ref  138),  in  a 
study  of  the  expln  of  HN,  vapor,  observed 
two  new  bands  of  the  NH  radical  at  3240  and 
3253  ^.  A review  by  Bonnemay(Ref  127)  on 
the  photochem,  thermal  and  elec  decompn  of 
HN,  supports  the  hypothesis  (Ref  89)  that 
in  gaseous,  liq  or  solid  phases  a chain 


A539 


reaction  is  propagated  by  atoms  of  nitrogen. 
The  free  radical  of  N*,  or  possibly  N»,  has 
been  detected  by  Thrush  (Ref  158).  Infrared 
spectroscopic  studies  of  the  decompn  of 
HN,  have  been  reported  by  Dowes  et  al  (Ref 
157)  and  by  Becker  & Pimentel  (Ref  159), 
and  an  exptl  value  of  the  dissocn  energy  has 
been  detd  by  Pannetier  & Gaydon(Ref  139) 

The  mechanism  of  the  expl  decompn  of 
pure  hydrogen  azide  and  of  its  mixts  with 
H2  has  been  studied  in  some  detail  by 
Avanesov  & Rukin(Ref  108).  The  propagation 
of  deton  is  periodic  and  consists  of  the 
transfer  of  the  elastic  impulse  in  the  still 
unchanged  gas  and  of  the  decompn  of  the 
particles  which  have  been  subjected  to  the 
impulse(Ref  108) 

Use.  Liq  HN3  has  been  found  by  McKinney 
(Ref  59)  to  act  as  a solvent  for  many  substs, 
especially  inorg  compds 

Hydrogen  Azide,  Aqueous  or  Hydrazoic  Acid 
(HA),  HNj  + nH20  (aq  distillate  has  contd 
up  to  27%  HNj,  Ref  94,  p 183)  was  first 
obtained  in  1890  by  Curtius(Ref  1)  on  treat- 
ment of  benzoyl  azide  with  NaOH,  followed 
by  distn  with  H2S04.  Subsequently  Ciirtius 
used  instead  of  NaOH,  Na  ethylate  (Ref  5) 
and  also  ale  ammonia(Ref  8).  Methods  of 
prepn  employed  by  other  investigators  may 
be  divided  into  the  following  general  classes: 
a )direct  syntheses  (Refs  78,88  & 131a)  b) 
interaction  of  hydrazine  and  nitrous  acid(Refs 
7,9,11,35,55,62  & 64)  c)oxidation  of  hydrazine 
(Refs  15,19,20,21,22,36,42,48,49,52,68,74  & 
95)  d)ammonolysis  of  nitrous  oxide  and 
nitrate s(Refs  6,12,14,64,81  & 87)  and  e) 
oxidation  of  triazines  and  decompn  of  higher 
hydronitrogens(Refs  7,16,43,83,110  & 153). 
Addnl  info  on  methods  of  prepn  may  be  found 
in  the  books  of  Mellor(Ref  75),  Gmelin(Ref 
100),  Thorpe(Ref  132)&  Kirk  & Othmer(Ref 
144)  and  in  a review  by  Audrieth(Ref  94) 

Note:  See  also  “A  Safe  Method  for  Prepara- 
tion of  Uncontaminated  Hydrazoic  Acid*'  by 
M.D.Kemp,  JChemEduc  37,  142  (March  I960) 
Ultra  violet  decompn  of  HA  has  been 
studied  by  many  investigators  (Refs  70,119, 
122, 126,129,135  & 143).  The  threshold  of 
photodecompn  is  at  2550  A (Ref  119)  and 
decompn  occurs  after  a short  induction 


period  (Refs  122  & 126)  at  a rate  indicated 
by  the  gases  evolved  (Ref  126).  The  energy 
of  activation  of  the  decompn  of  HA  was 
ealed  as  695  cal/mol  (Ref  129b).  In  the 
electrolysis  of  aq  solns  of  HA,  low  intensity 
UV  emission  has  been  observed  in  the  gaseous 
phase  (Refs  107, 112  & 120) 

West(Ref  13)  made  conductivity  measure- 
ments of  HA  and  ealed  the  limiting  value  to 
be  1.86  x 10*-5.  Oliveri-Mandala  also  made 
conductivity  measurements  and  ealed  a dis- 
sociation constant  and  an  ionization  constant. 
Also  see  values  reported  by  Quintin  (Ref 

113)  and  by  Yui(Ref  116) 

Roth  & Muller  (Ref  77)  ealed  the  Qf  (dil 
soln)  as  -53.3  kcal/mole  and  QneutD  by 
Ba(OH)j  as  10.0  keal/mol  and  Qaeutn  by  NHS 
as  8.2  kcal/mol.  Rossini  et  al(Ref  146)  re- 
ported Qj  values  at  25°C  for  HA  solns  of 
various  concns.  Other  thermodynamic  props 
have  been  ealed  by  Eyster  & Gillette  (Ref 

114)  and  by  Waddington  & Gray(Ref  155). 
Racz(Ref  125)  has  reviewed  the  literature 
on  the  stability,  thermodynamics  and  photo- 
chemistry of  HA 

The  chemical  reactions  of  HA  have  been 
the  subject  of  numerous  investigations.  It 
reacts  with  acids  (Refs  17,21,26,33,37,45, 
56,60,64,82,92  & 109),  oxidizing  agents  (Refs 
14,32  & 76),  reducing  agents  (Ref  34),  and  it 
forms  expl  derivs  such  as  azides  (Refs  38, 
39&44),  tetrazoles(Refs  24,25,30,31,40  & 

60)  and  others  (Refs  46,47 & 61).  Platinum 
black  and  Raney  nickel  decomp  solns  of 
hydrazoic  acid  to  form  ammonia  and  nitrogen 
(Refs  5 1 & 106).  Other  reactions  are  also  de- 
scribed (Refs  29,41,43,53,57,59,128,132, 

147a  & 149) 

Explns  involing  HN,  or  HA  may  be  avoided 
by  carrying  the  gas  as  it  is  formed  into  a stream 
of  nitrogen  or  air  and  absorbing  the  gas  in 
Ba  hydroxide  soln(Ref  134).  During  the  in- 
vestigation of  the  vel  of  deton  of  hydrazoic 
acid,  the  bottle  contg  it  exploded  on  agitation, 
killing  a man  (Ref  65).  The  vel  of  deten  of 
pure  HNS  has  been  measured  by  photographic 
techniques  as  2650  ± 100m/sec(Ref  108) 

Uses  - The  acid  character  of  hydrazoic  acid 
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has  made  it  the  basis  for  use  in  several 
analytical  methods  (Refs  10*13  & 56).  It  is 
a unique  compd  of  hydrogen  and  nitrogen* 
many  derivatives  of  which  are  expl  and, 
being  solids,  are  used  in  commi  and 
military  expis^ 
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lodi  ne  Azi  de  or  lodoazide  (called  Jodazid  or 
Azoimidjodid  in  Ger),  INS  mw  168.93  N 24. 88%; 
yel  volat  solid,  extremely  dangerous  expl  when 
exposed  to  heat  or  shock;  sol  in  w,  giving 
a neutral  soln  which  on  standing  hydrolyzes 
into  hydrazoic  and  hypoiodous  acid;  also  sol 
in  many  org  solvs  in  which  it  slowly  decomps 
into  iodine  and  nitrogen.  Its  toxicity  is 
severe, as  a single  exposure  can  cause  injury 
to  the  skin  or  mucous  membranes  of  sufficient 
severity  to  threaten  life  or  cause  permanent 
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physical  impairment  (Ref  10).  Iodine  azide 
was  first  prepd  in  1900  by  Hantzsch  (Ref  1) 
on  adding  an  ethereal  soln  of  iodine  to  an 
aq  suspn  of  silver  azide  cooled  to  0°  fol- 
lowed by  extracting  with  eth  at  below  0° 

(Refs  4,5, 7,8  & 9) 

When  in  a dry  state,  iodine  azide  may  de- 
comp spontaneously  with  great  violence  into 
its  elements.  According  to  Gutmann  (Ref  2) 
tertiary  sodium  arsenite,  NajAsOs,  does  not 
react  with  inorg  salts  of  hydrazoic  acids 
(metal  azides)  but  with  chloro-  or  iodo azides 
it  gives  sodium  azide,  alkali  halide  and  sodium 
arsenate.  By  means  of  a photon  counter, 
the  radiation  emitted  on  deton  of  iodine  azide 
(prepd  by  a modn  of  Hantzsch’s  method) 
clearly  showed  UV  radiation  which  was  not 
found  on  deton  of  nitrogen  triiodide,  NI3,  an 
extremely  sensitive  and  dangerous  expl  (Ref 
6) 

According  to  Mellor  (Ref  3),  A.C.Vournazos 
prepd  some  complex  azides  of  iodine  by  re- 
acting zinc  nitrate  with  sodium  iodoazide 
forming  Sodium  Zinc  Iodoazide,  Na[ZnI2N3], 
which  reacted  with  silver  iodide  to  form 
Sodium  Silver  Zinc  Iodoazide,  Na(ZnlaNj)- 
Agl-Na(ZnI2Mj),  and  with  lead  iodide  to  form 
Sodium  Lead  Zinc  Iodoazide,  PbI2[(ZnI2N3) 
Na]4.  No  expl  props  of  these  complex  iodine 
azides  were  described 

Refs : 1)A. Hantzsch,  Ber  33,  523(1900)  & 

JCS  78  II,  274(1900)  2)A.Gutmann,  Ber  57B, 
1956(1924);  CA  19,  1253(1925)  & ZAnalChem 
65,  252(1924)  3)Mellor  8 (1928),  337  4) L. 

C. Ramon,  Afinidad  10,  211(1930)  5)L.F. 
Audrieth,  ChemRevs  15,  215(1934)  6)R. 
Audubert  & R.Ralea,  CR  208,  983(1939)  & 

CA  33,  4131(1939)  7)Thorpe  1(1947),  581 
8)Ephraim(1949)»  675  9)GmeIin,  System  No 
8,  Lieferung  2(1955),  600  10)Sax(1957), 
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Iron  Azide  or  Ferric  Triazide,  Fe(N3)3  or 
(Fe(N3)]  (N3)2,  mw  181.92,  N 69.30%;  dk  brn 
hygro  lfts  easily  hydrolyzed  and  very  un- 
stable, mp-expl  200°(Ref  10).  It  was  first  prepd 
and  isolated,  in  1917  by  Wohler  & Martin  (Ref 
5),  by  treating  dry  ferric  sulfate  with  sodium 


azide  in  abs  methanol,  removing  the  pptd 
sodium  sulfate  by  filtration,  and  concg  the 
soln  of  ferric  azide  in  a vac  desiccator. 

Earlier,  Turrentine  (Ref  4)  obtained  ferric 
azide  in  soln  by  electrolysis  of  a dil  sodium 
azide  soln  using  iron  electrodes  and  later  by 
Browne  et  al  (Ref  6)  on  using  iron  electrodes 
in  liq  amm  solns  of  ammonium  azide,  but  the 
product  was  ammonolyzed  to  an  Ammono- 
Basic  Ferric  Azide.  Curtius  et  al  (Refs  1 & 2), 
with  ferric  alum  and  NaN3,  obtained  ferric 
azide  in  soln  and  they  also  reported  that  iron 
dissolved  in  dil  aq  hydra  zoic  acid  to  form 
the  azide,  but  the  soln  decompd  on  evapn 
giving  either  the  basic  azide  or  hydcoxide.  In 
1934  Franklin  (Ref  9)  noted  that  aq  hydrazoic 
acid  reacts  on  iron  to  form  ferric  azide,  ni- 
trogen and  ammonia  together  with  a small 
amt  of  hydrazine.  According  to  Franklin 
Ferrous  Azide,  Fe(N3)2,  is  formed  first  and 
oxidizes  to  ferric  azide  when  the  soln  is 
warmed  with  excess  hydrazoic  acid  present. 
Ricca  (Ref  11)  studied  the  reactions  of  the 
ferric  ion  with  hydrazoic  acid  on  electrolysis 
of  their  solns  and  obtained  results  which 
would  indicate  that  ferric  azide  has  the 
structure  [Fe(Nj)](N3)2 

Aq  solns  of  ferric  azide  have  a deep  red 
coloration  similar  to  that  produced  by 
Fe(CNS)s.  This  characteristic  coloration  is 
also  produced  when  ferric  salts  are  added 
to  aq  solns  of  hydrazoic  acid,  thus  serving 
as  a colorimetric  test  for  HN3(Ref  3) 

Racz  (Ref  10)  studied  the  thermolysis  and 
UV  radiation  emitted  by  ferric  azide.  He 
reported  that,  when  enclosed,  ferric  azide 
expl  at  ca  200°  in  air  and  at  230°  in  nitrogen. 
Decompn  of  this  azide  was  accompanied  by 
strong  UV  emission  which  began  at  270°,  at 
activation  energies  of  47,  33  and  64  kcal.  By 
comparison  with  the  results  of  other  azides, 
it  is  inferred  that  the  processes  occurring  at 
47  and  64  kcal  energies  are  independent  of 
the  metal,  while  that  occurring  at  an  activation 
energy  of  33  kcal  indicates  a different  mech- 
anism of  thermolysis  (Ref  10).  Santappa 
(Ref  12)  studied  the  ferric  azide-vinyl  monomer 
system  when  irradiated  with  UV  light  of  wave 
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length  300-400  mfi  and  found  the  quantum 
yield  varied  linearly  with  the  monomer 
cone,  and  the  rate  of  Fe2+  production  was 
dependent  on  the  org  impurities  present. 

Vinyl  monomers  studied  were  acrylonitrile, 
methyl  methacrylate  and  methacrylic  acid 
The  toxicity  or  hazardous  nature  of  ferric 
azide  is  not  given  in  Sax  nor  were  there 
found  any  other  expl  props  reported  in  the 
literature  (Refs  7 & 8) 

Refs:  l)T.Curtius  & J.Rissom,  JPraktChem 

58,  291(1898)  & JCS  76  II,  91(1900)  2)T. 
Curtius  & A.Darapsky,  JPraktChem  61, 408 
(1900)  & JCS  78  II,  474(1900)  3)L.M. 

Dennis  & A. W. Browne,  JACS  26,  603(1904); 
ZAnorgChem  40,  100(1904)  4)J.^.Tuirentine, 
JACS  33,  820(1911)  5)L. Wohler  & F. Martin, 
Ber  50,  594(1917)  & JCS  112  I,  384(1917) 
6)A,W, Browne  et  al,  JACS  41,  1775(1919)  & 
CA  14,  28(1920)  7)MelIor  8 (1928),  354 

8) Gmelin,  System  No  59,  Teil  B (1932),  156 

9) E.C. Franklin,  JACS  56,  568(1934)  & CA 
28,  2289(1934)  10)C.Racz,  CR  209,  534 


(1939)  & CA  34,  30(1940)  ll)B.Ricca, 
Gazz  75,  71(1945)  & CA  41,  4397-8(1947) 
12)M.Santappa,  CurrentSci (India)  23,  145 
(1954)  & CA  48,  12561(1954)  I3)H.Rosen- 
wasser,  USArmyEngrRes  & DevelopLabsRpt 
1551-TR,  14(1958)  "Hydrazoic  Acid  and 
the  Metal  Azides”  (a  literature  survey) 

Lanthanum  Triazide,  La(N3)j,  mw  222.97, 
N37.252S,  Curtius  and  Darapsky  prepd  the 
basic  salt,  Lanthanum  Hydroxy  azide.  La 
(OH)(NjV1  %HaO,  by  boiling  a soln  of 
lanthanum  nitrate  and  sodium  azide.  The 
white  slimy  mass  of  basic  lanthanum  azide 
was  obtained  either  on  evapg  the  mixed  soln 
in  vacuo  or  on  treating  it  with  a mixt  of  ale 
& eth.  No  props  of  the  product  were  reported 
nor  were  there  any  addnl  refs  found  in  which 
any  attempts  were  made  to  prepare  and 
isolate  the  lanthanum  azide 

Refs:  l)T.Curtius  & A.Darapsky,  JPrakt 

Chem  61,  408(1900)  & JCS  78  II,  474(1900) 
2)MelIor  8 (1928),  352 
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LEAD  AZIDE  OR  LEAD  DIAZIDE  (LA) 

(Formerly  called  Lead  Trinitride, Plumbic 
Nitride,  Plumbamide,  or  Lead  Hydronitride ) 
(called  Bleiazld  in  Ger,  Azoture  or  Nitrure 
de  plomb  in  Fr,  Acido  di  piombo  or  Azotidruro 
di  piombo  in  Ital,  Azida  de  plomo,  Plumbazido 
or  Nitruro  de  plomo  in  Span,  Azid  svincsa 
in  Russian  and  Chikkaen  in  Japan),  Pb(Nj)a, 
mw  291-26,  N 28.86%,  Col  crysts  which  exist 
in  two  modns:  orthorhombic  (a)  and  mono- 
clinic OS)  forms  (Refs  44,45,113,137,142  & 
144);  mp  - decomp  into  Pb  and  Na  (Ref  143) 
at  245  to  250°  (Ref  17),  expln  temp  LA  315° 
to  360°  (Refs  16,17,28,44,73,106,124  & 149) 
and  275°  for  dextrinated  (Ref  106);  cryst  d 
4.71  (a)  (Refs  92  & 144),  4.93  (/3)  (Ref  144), 
4.38  (dextrinated)  (Ref  141),  apparent  d cryst 
0.8  (Ref  103)  & dextrinated  1.5  (Ref  141); 

Q expln  cal/g  (Ref  73)  to  367  cal/g 
(Refs  16,91, m & 167)  Q activation  10-11  kcal/ 
mol  (Ref  70)  to  55  kcal/mol  (Refs  47,58,84, 
106,111  & 133)  0?  “114.5  kcal/mol  (Refs 
137  & 149)  to  -12*6.3  kcal/mol  (Ref  123), 
-115.5(a)  and  -115.8Q3)  kcal/mol  (Ref  137) 

LA  is  very  sol  in  AcOH,  sol  in  w to  the 
extent  of  0.02%  at  18°  and  0.09%  at  70° 

(Ref  141);  Ref  128a  gives  0.05/100  g HaO  at 
100°;  almost  insol  in  eth,  acet,  ale,  ammonia 
or  org  solvents.  The  sol  of  ct-LA  in  w is 
8.5  x 10-4  mol/1  which  gives  a concn  solu- 
bility product  of  2.6  x 10“9  and  a thermo- 
dynamic solubility  product  of  1.8  x 10-9 
(Ref  134).  LA  may  be  dissolved  in  mono- 
ethanolammine  or  in  a 50/50  mixt  of  mono- 
ethanol ammine /ammonia,  from  which  it  may 
pptd  by  addg  dil  AcOH.  The  resulting  prod, 
according  to  Majrich  (Ref  66)  is  impure 
LA  is  not  considered  particularly  toxic 
but  inhalation  of  its  dust  should  be  avoided 
as  this  causes  headaches  and  distention  of 
blood  vessels.  It  has  been  recommended 
that  the  LA  content  of  air  should  be  less  than 
0.2  mg/ cubic  meter  in  order  to  avoid  toxicity 
by  inhalation  (Ref  141).  An  investigation  of 
LA  as  an  industrial  hazard  (Ref  96)  has  in- 
dicated that  the  storage  and  distribution  of 
Pb  from  LA  in  tissues  following  ingestion 
are  similar,  in  general,  to  other  Pb  salts.  The 


acute  toxicity  of  LA  is  associated  with  the 
azoimide  radical  (See  Hydrazoic  Acid  in 
this  section)  rather  than  with  the  lead.  Also, 
see  Sax  (Ref  150),  Eddy  (Ref  95),  Schwartz 
(Ref  90),  Ref  97  and  Siefert  (Ref  102)  for 
further  discussions  of  the  toxic  effects  of 
LA 

LA  was  first  prepd  in  1891  by  Curtius 
(Ref  1)  by  adding  Pb  acetate  to  a soln  of 
Na  or  Amm  azide.  Curtius  & Rissom  (Ref  2) 
prepd  it  by  the  action  of  hydrazoic  acid  on 
a lead  salt.  Turrentine  (Ref  6)  obtd  LA 
during  electrolysis  of  a 3%  soln  of  Na  azide 
on  lead  anodes.  Browne  et  al  (Ref  20)  found 
LA  was  formed  when  a soln  of  NH4NS,  in 
liq  NH,  at  -67°,  was  electrolyzed  with  a Pb 
anode.  Some  details  of  prepg  LA  have  been 
described  by  Hyronimus  (Ref  3),  Stettbacher 
(Refs  13,85  & 114),  Hodgkinson  (Ref  18), 

Hale  (Ref  29),  Matter  (Ref  32),  Wallbaum- 
Wittenberg  (Ref  79),  Meissner  (Ref  78)  and 
by  many  others  (See  Refs  15,19,35,41,59, 

64, 68, 72, 86, 94, 122a, 126&  151).  Plant  methods 
of  manufg  LA  have  been  given  by  Meissner 
(Ref  60)  von  Herz  (Refs  53&61),  Gomez 
(Ref  141a)  and  Stettbacher  (Ref  52)  and  pro- 
cedures for  continuous  manufg  by  Matter 
(Ref  39a),  Meissner  (Ref  40),  Greceanu  (Ref 
93)  and  others  (Ref  104),  Moskovich(Ref  75) 
prepd  stable  gelatine  emulsions  of  LA. 

Darier  & Goudst  (Ref  22)  described  a pro- 
cedure for  preventing  expln  of  LA  by  effecting 
the  reaction  within  the  interstices  of  a porous 
inert  absorbent  material 

The  hazards  involved  in  the  manuf  of  the 
pure  crystalline  material  delayed  its  practical 
use  for  many  years.  Although  manufd  and 
used  in  foreign  countries  since  1920,  its 
military  and  coml  uses  in  the  USA,  since 
1931,  have  been  restricted  to  an  impure  col- 
loidal form  or  * ‘dextrinated**  LA  (Ref  122a). 
The  prepn  of  colloidal  LA  has  been  described 
by  Rintoul  & Weir  (Ref  21),  Snelling  (Ref  23), 
Lowndes  (Ref  24),  Rinkenbach  (Ref  51), 
Fleischer  & Burtle  (Ref  108),  Moskovich  (Ref 
74),  Bostrom  et  al  (Ref  145)  and  Fonda  & 
Fonda  (Ref  125).  In  these  procedures  the 
objective  was  to  obtain  rounded  aggregates  of 


uniform  size  and  to  prevent  the  formation  of 
large  crysts  (See  Ref  72).  The  existence  of 
LA  in  (a)  and  (/3)  forms  was  first  reported  in 
1931  by  Garner  & Gomm  (Ref  44)  and  by 
Miles  (Ref  45).  According  to  Moskovitch  & 
Aleksandrovich  (Ref  <5 5)  and  Hattori  & 

McCrone  (Ref  144)  the  stable  form  (a)  is 
prepd  by  mixing  equal  vols  of  1M  PbfNOjJj 
and  2MNaNj  sol  ns  and  recrystg  the  pptd  LA 
from  sodium  acetate  soln.  The  less  stable 
(jS)  form  is  prepd  by  slow  diffusion  of  Pb"1""1" 
and  Nj  ions  into  water.  /3-LA  transforms 
readily  in  soln  to  a-LA  (See  also  Manufacture 
of  LA,  which  follows  Laboratory  Methods) 

Laboratory  Methods  of  Preparation  of  Dex- 
tri noted  LA 

(Caution:  All  operations  should  be  conducted 
behind  a barricade  of  safety  glass  or  trans- 
parent plastic) 

I)  Method  Used  in  Some  American  Laboratories : 
a)  Dissolve  2.33  g of  Na  azide  and  0.058  g 
NaOH  in  70  ml  HaO  (distilled  or  permutite 
treated)  by  shaking  in  a 125  ml  separatory 
funnel.  This  is  soln  A b)Dissolve  6.9  g Pb 
nitrate  and  0.35  g dextrin  in  90  ml  HaO  (dis- 
tilled or  permutite  treated)  in  a 250  ml  tall 
form  beaker,  and  add  1 or  2 drops  of  10% 

NaOH  to  bring  the  pH  to  ca  5.  This  is  soln 
B c)Heat  soln  B to  60-65°  on  a water  bath 
and  agitate  it  with  a formaldehyde  plastic  or 
hardwood  stirrer.  The  stirring  should  be  as 
efficient  as  possible  to  prevent  the  formation 
of  large  crysts.  Stirring  while  vigorous  should 
not  produce  any  spattering  of  the  mixt  and 
the  stirrer  should  not  rub  against  the  walls 
of  the  beaker  d)Add  soln  A(which  is  in  the 
125  ml  separatory  funnel)  drop  wise  to  soln  B, 
with  continuous  agitation.  The  addition  should 
require  about  10  mins  e)Remove  the  beaker 
from  the  water  bath  and  continue  stirring  the 
mixt  in  beaker  while  cooling  to  room  temp 
(about  1 hr)  f)Remove  the  stirrer  and  rinse 
it  into  a beaker  with  a stream  of  distilled  w 
g)Allow  the  ppt  of  LA  to  settle  and  filter  by 
suction  the  contents  of  the  beaker  through  a 
filter  paper  placed  in  a 100  ml  plastic  Buchner 


funnel  h)Stop  the  suction,  add  50  ml  of 
distilled  H20  to  the  Buchner  and  stir  the 
ppt  with  a plastic  rod  or  spatula,  taking  care 
not  to  tear  the  filter  paper  i)Remove  the 
Ha0  by  suction  and  repeat  the  operation  of 
washing  two  more  times  j)Set  aside  the 
mother  liquor  and  the  wash  waters  and 
(under  a hood)  destroy  the  azides  in  soln  by 
adding  the  required  amt  of  Na  nitrite,  fol- 
lowed by  a slow  addn  of  92%  sulfuric  acid: 

NaN3  + NaN02  + H2S04  -» Naa  S04  + NaO  + N2  + H20. 

When  the  azide  is  destroyed,  which  is  indi- 
cated by  the  sample  turning  litmus  paper  red 
and  starch- iodide  paper  blue,  pour  the  soln 
into  a sink  (See  also  under  Destruction  or 
Killing  of  LA)  k)By  means  of  a plastic  or 
wooden  spatula  transfer  the  wet  ppt  to  an 
open  A1  dish  l)Dry  the  sample  for  8-15 
hrs  (but  no  more  than  24  hrs)  at  65°  and  ex- 
amine it  under  the  microscope.  The  LA  crys- 
tals should  be  approximately  spherical  in 
shape,  opaque  in  appearance,  averaging  not 
over  0.07  mm  in  diam.  They  should  be  free 
flowing  and  contain  an  average  of  92.5% 
PbtNj^.  There  should  be  no  needle-shaped 
crysts.  The  yield  will  be  ca  5 g m)lf  it  is 
desirable  to  save  the  sample,  wet  it  with 
a small  amt  of  H20  and  transfer  to  a rubber- 
stoppered  plastic  or  hard  rubber  bottle 

Note : It  is  not  advisable  to  use  a sintered 
glass  funnel  or  crucible  for  filtering  because 
friction  between  the  glass  and  LA  might  re- 
sult in  an  expin,  even  under  water,  especially 
if  a glass  rod  or  spatula  is  used  for  stirring 
or  transferring  the  sample 

II)  Argentine  Naval  Powder  Factory  Method 
(Azul,  ProvBuenosAires):  a)Dissolve  8-9  g 
of  Pb  nitrate  in  filtered  water  free  of  Cl2, 
chlorides  and  gritty  materials  b)Dissolve 
3g  of  Na  azide  in  100  ml  w and  det  the  approx 
alkalinity  by  titrating  a 5 ml  of  soln  with 
N/10  H2S04,  using  phpht  as  an  indicator.  If 
the  amt  of  acid  required  to  discolor  the  phpht 
is  8 to  10  mi,  the  soln  is  satisfactory;  if  less 
than  that  add  a few  drops  of  NaOH  soln  c) 
Dissolve  0.3  g of  potato  dextrin  in  a small 
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amt  of  hot  w d)Provide  a reaction  vessel, 
consisting  of  a round  bottom  stainless  steel 
beaker  of  about  0.5  1 capacity,  highly  pol- 
ished inside,  equipped  with  a water  jacket 
and  a stainless  steel  agitator  with  two  double 
blades  placed  one  above  the  other  and  not 
touching  the  walls  or  the  bottom  of  the  vessel 
e)Transfer  the  Pb  nitrate  soln  in  the  vessel, 
start  the  agitator  and  circulate  water  pre- 
heated to  ca  50°  through  the  jacket.  Test  the 
neutrality  of  soln  by  placing  a few  drops  on 
a glazed  white  porcelain  plate  aild  auuiiig  One 
drop  of  methyl  orange  indicator.  If  the  soln  is 
acidic,  add  a few  drops  of  aq  NaOI‘1  and  re- 
test the  soln  f)Add  the  dextrin  soln  and 
while  stirring  as  rapidly  as  possible  (in  order 
to  obtain  small  uniform  crysts)  run  in  the 
Na  azide  soln  slowly  while  maintaining  the 
temp  at  30  + 5°  g)Decanr  the  mother  liquor 
using  a rubber  tube  syphon.  h)Refill  the 
reaction  vessel-  with  w,  agitate  for  a few 
mins,  allow  to  settle  and  decant  i)Tilt  the 
vessel  and  transfer  its  contents  (using  a jet 
of  water)  into  a filter  cloth  bag  and  wash 
the  bag  and  contents  in  three  changes  of  w 
j)5tore  the  bag  in  a plastic  container  k) 

Dry  it  when  required  at  60-65°.  The  yield 
will  be  ca  6-5g 

Note:  This  laboratory  method  is  essentially 
the  same  as  the  Argentinian  plant  procedure: 
the  only  difference  is  in  quantity  of  materials 
used.  When  using  440-450  g of  Pb  nitrate, 

150  g Na  azide  and  15  g dextrin  about  330  g 
LA  are  obtained  (Some  Europe  an' plants  use 
as  much  as  10  times  these  quantities,  pro- 
ducing up  to  3300  g in  one  batch)  (Ref  141a) 

///)  German  Method  is  essentially  the  same 
as  the  plant  procedures  described  in  Ref 
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titles  are  much  smaller 
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the  plant  procedure  described  in  Ref  126,  pp 
230-33,  except  that  the  quantities  are  much 
smaller 

V)  Spanish  Method.  The  Drocedure  used  at  the 
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Pirotecnia  de  Sevilla  on  an  industrial  scale. 


is  described  by  Vivas,  Feigenspan  & 
Ladreda  (Ref  104a,  pp  316-22).  The  same 
method  can  be  used  in  the  laboratory  pro- 
vided the  quantities  are  much  smaller 


Plant  Manufacture  of  Dextrinated  LA  by  the 
duPont  Method.  The  procedure  briefly  de- 
scribed below  is  essentially  the  same  as 

was  observed  by  B.T.Fedoroff  at  the  Kan- 
w l. ~ rn: 
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which  was  operated  by  the  United  States 
Rubber  Company.  This  method  is  based  on 
the  duPont  method  developed  before  WW  U 
[See  Bleiazid,  pp  Ger  12-13  of  PATR 
2510  (1958)1 


In  the  manuf  of  LA,  the  size  and  shape  of 


the  crystal  is  mo st 
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produced  by  the  duPont  method  are  free- 
flowing,  It  buff,  spherical  in  shape,  opaque 
in  appearance  under  the  microscope  and 
averaging  not  over  0.07  mm  in  diam.  Their 
Pb(Nj)a  content  is  ca  92.5% 

Dextrin  is  used  as  a colloiding  agent, 
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tive  crysts  of  LA  and  regulates,  to  some  ex- 
tent, the  shape,  though  not  so  much  as  NaOH 
and  the  agitation.  It  has  been  found  that  an 
unsatisfactory  dextrin  could  be  much  improved 
by  its  pptn  from  an  aq  soln  of  alcohol.  Further- 
more, the  addn  of  various  substances  such  as 
K or  Na  ferro cyanide,  Na  oxalate,  Na  tartrate 


and  .Rochelle  salt  improves  the  colloiding 
action  of  dextrine.  The  use  of  amts  of  dex- 
trine in  excess  of  the  prescribed  duPont 
method  tends  to  lower  the  purity  and  make  the 
final  LA  product  more  hygroscopic.  In  the 
duPont  process,  yellow  potato  dextrin  with 
not  more  than  0. 2%  insoi  material  is  used 


As  the  concn  of  solns  employed  in  the 
manuf  of  LA  affects  crvst  size  and  shape 
to  some  extent  it  is  advisable  not  to  deviate 
from  the  following  concns:  7.325±0.075% 


Pb(NO,)a,  3.175  ± 0.025%  NaN,  and  4.1  g dex- 
trine per  liter  of  Pb  nitrate  soln 

DU  ~ _..rrr  _ • . 
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Unie; 


to  give  10%  excess  over  theory,  fine  white 
crysts  appear  in  the  mother  liquor  which  will 
not  settle  out  properly  and  which  mix  with 
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the  LA  to  give  it  a white  appearance.  This 
condition  is  not  particularly  serious,  but  the 
yield  and  purity  are  lowered  and  the  resulting 
product  tends  to  cake  on  the  drying  pans 
and  to  be  dusty 

Procedure  a)Prepare  the  stock  soln  A by 
dissolving  169  lb  (ca  73-9  kg)  lead  nitrate 
in  about  750  1 of  water  treated  by  the  per- 
mutit  demineralizing  process.  Care  must  be 
taken  to  remove  all  grit  and  in  sol  matter. 

As  this  soln  is  usually  acidic  (pH  4. 2-4.6), 
add  slowly  25  to  30  g NaOH  in  dil  aq  soln. 
NaOH  serves  to  neutralize  all  acid  either 
occluded  or  that  due  to  hydrolysis  of  lead 
nitrate.  An  excess  of  NaOH  must  be  avoided 
because  it  tends  to  produce  elongated  crysts 
of  LA  which  are  very  sensitive.  Add  to  the 
stock  soln  9 lb(ca  4.08  kg)  potato  dextrin 
previously  dissolved  in  about  100  1 of  water 
and  then  bring  the  soln  to  7-325  ±0.07%  Pb 
(N03)2  content.  b)P repare  the  stock  soln 
B by  diluting  with  treated  w the  refined 
solution  (contgca  27%  NaNj), delivered  from 
the  Sodium  Azide  (qv)  plant;to  3.175± 

0.02%  NaN3  content.  Add  794  g NaOH  in 
pellets.  This  quantity  of  caustic  is  supposed 
to  be  sufficient  to  keep  neutralized  most  of 
the  free  acid  formed  during  the  interaction 
of  lead  nitrate  soln  for  pptg  LA.  This  quantity 
of  NaOH  is  also  just  sufficient  to  control 
the  purity  of  the  finished  LA,  because  it  ppts 
a small  amt  of  lead  as  Pb(OH)a  or  Pb(OH)Ns. 
Adjust  the  concn  of  stock  soln  B to  3.175  i 
0.025%  NaN3  content.  c)Drop  60  1 of  stock 
soln  B(10%  in  excess)  from  a 1000  1 storage 
tank  to  the  stainless  steel  measuring  tank 
of  ca  100  I capacity,  where  the  soln  is  heated 
by  means  of  hot  water  coils.  Drop  the  pre- 
heated soln  into  the  precipitator  (reactor). 

This  is  a stainless  steel  round  bottom  spouted 
kettle  of  120  1 capacity  with  a steel  jacket 
and  four-bladed  stainless  steel  agitator  which 
rotates  at  95  RPM.  d)Raise  and  maintain  the 
temp  of  soln  A at  135*  140° F (57.5-60°)  by 
circulating  170°F  (ca  76.5°)  water  through 
the  jacket  of  the  reactor.  e)Drop  50  1 of  stock 
soln  B/NaNj),from  the  1000  1 storage  tank  to 
a second  stainless  steel  measuring  tank  of 


ca  100  1 capacity.  f)While  agitating  the 
soln  A at  95  RPM  and  maintaining  the  temp 
at  135-140°F  add  the  soln  B at  a rate  of 
2 1 per  min.  When  the  soln  is  all  in,  start 
to  circulate  cold  w through  the  jacket,  while 
continuing  the  agitation  until  the  temp  drops 
to  90°  or  lower.  g)Stop  the  agitation  and 
when  LA  settles,  decant  the  mother  liquor 
to  the  "killing  tank,”  where  the  azide  con- 
tent is  destroyed  with  NaNOa  and  HNOJ}  as 
described  under  Destruction  (Killing)  of 
Azides.  h)Wash  the  ppt  of  LA  into  a rubber 
bucket  and  transfer  on  filter  cloth  spread 
over  a vacuum  Nutsch;  Rinse  the  ppt  with 
four  changes  of  w and  send  it  to  the  killing 
tank.  i)Leave  on  the  last  wash  just  enough 
w to  cover  the  LA  and  pack  the  wet  LA  (24- 
26%  moisture)  in  drums  for  shipment 

The  overall  pptn  time  cycle  is  60  mins,and 
7.6  lbsLA(92.3%  purity)  is  produced  per  pptn 
Analytical  procedures  for  plant  control 
and  for  finished  products  are  described  under 
Lead  Azide,  Analytical  Procedures  and 
under  Sodium  Azide  Analytical  Procedures 

Note:  A plant  method  used  in  Argentina  is 
similar  to  the  laboratory  method  described 
above,  except  that  much  larger  quantities  of 
lead  nitrate,  sodium  azide  and  dextrin  were 
used.  A plant  method  used  in  Germany  be- 
fore and  during  WWII  is  described  in  Ref  157a, 
under  Bleiazid.  A plant  method  used  in  Italy 
is  described  in  Ref  126,  pp  230-33  and  the 
method  used  in  Spain  is  described  in  Ref 
104a,  pp  316-22 

Explosive  Properties  of  LA.  Many  compds 
have  been  proposed  as  substitutes  for  MF 
but  none  has  been  found  more  suitable  than 
LA.  The  others  are  either  too  sensitive,  too 
expensive  or  less  effective  than  LA  in 
initiating  efficiency.  As  early  as  1893  the 
Prussian  Government  investigated  the  azides 
of  Pb,  Ag  and  Hg  for  possible  uses  as  deto- 
nants,  but  a fatal  accident  caused  these  ex- 
periments to  be  discontinued.  No  further  work, 
was  done  with  LA  until  Wohler  in  1907  called 
attention  to  it  again  as  a possible  substitute 
for  MF  (Refs  15  & 59)-  Since  that  time 


considerable  interest  in  and  study  of  the 
cjtpl  prCps  have  resulted; 

Brisance  by  Sand  Test.  Dextrinated  LA  95% 
as  brisant  as  pure,  crystalline  LA;  75%  as 
MF  and  37%  as  diazodinitrophenol  (Ref  141); 
ealed  by  Kasi  formula  LA  107  x 106  and  MF 
128  x 10®  (Ref  73)  by  Lead  Plate  Test,  LA 
is  much  less  effective  than  MF  (Ref  13). 
Stewart  (Ref  11)  claimed  LA  had  same  bri- 
sance as  MF 

Detonation  Rate , 4500  m/sec  at  d 3.8  to 
5300  m/sec  at  d 4.6  (Refs  28  & 73),  5400  m/ 
sec  at  max  d (Ref  91).  For  addnl  values  and 
discussions  see  Roth  (Ref  169),  Bowdeo  & 
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others  (Refs  13,43,48,50,57,59,67,86,118, 

141  & 151).  Deton  effect  on  plastic  material 
of  various  shapes  is  described  by  Kolsky 
& Shearman  (Ref  115).  The  deton  charac- 
teristics of  LA,  MF  and  other  expls,  using 
an  assumed  equation  of  state,  have  been 
calca  (Ref  146) 

Explosion  Temperature.  315°  for  pure  LA 
and  275°  for  dextrinated  LA  (min  temps  for 
ignition  in  5 sec)  (Ref  106)  (See  also  Refs 
za  -70  qz  1 in  1 1 1 n%  ».  i z"n 

Friction  Sensitivity.  LA  is  more  sensitive 
than  MF  (F.efs  73,79  & 110).  Bowden  Si  Gurton 
(Ref  112)  detd  the  effect  of  grit  particles  for 
frictional  initiation  of  LA 


Gas  Evolution  on  Explosion.  308  1/kg  for  LA 
vs  315  1/kg  for  MF  (Ref  91) 


Impact  Sensitivity.  Dextrinated  LA  is  less 
sensitive  to  impact  than  MF,  Pb  styphnate, 
diazodinitrophenol,  tetracene  or  crystalline 
LA.  When  wet  with  water  or  ale  LA  is  still 
sensitive  to  deton  by  impact  (See  also  Refs 

9,11, 16,29, 33, 35, 73, 79, 81, 91, 110, 122a,131, 
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vs  MF  5 cm  (Ref  82),  with  500  g wt  LA  30- 
40  cm  vs  10.5  cm  for  MF  (Ref  35a) 


Initiating  Efficiency.  More  efficient  initiator 
than  MF  and  slightly  less  efficient  than  di- 
azodinitrophenol (See  Table  under  Mercurous 

Azide  and  Refs  16,29,38,46,48,49,59,71,73, 
79,81,94,101  & 116) 


Power  by  Trauzl  Test.  Dextrinated  LA  is 
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powerful  as  MF  (Ref  141);  181  cc  expansion 
for  lOg  LA  vs  128  cc  for  MF  ealed  by  Kast 
formula  (Ref  73)  (See  also  Refs  11  & 153) 


Pressure  Developed  on  Explosion  (own  vol). 
94,930  kg/cm2  vs  90,260  kg/cm2  for  Ag  azide, 
both  at  loading  d 3.0  g/cc  under  1100  kg/cm2 
press  (Ref  16).  Noddack  & Grosch  (Refs  132 
& 147)  ealed  the  surface  press  on  explosion 
as  11,900  kg/cm2  for  LA  vs  MF  14,3000  kg/ 
cm2. 


stability  to  neat.  y0  loss  in  wt  in  75 "L  inter - 
national  Test:  0.17  for  LA  vs  0.18  for  MF; 
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0.1%  2nd  48  hrs  vs  expln  for  MF  under  same 
test  conditions;  100° C Vac  Stab  Test:  0.4cc 
gas  evolved  in  40  hrs  (Ref  141).  The  thermal 
stability  of  both  dextrinated  and  pure  LA  is 
exceptional  (Ref  116) 


Specific  Energy  4380  kg/1  (Ref  28),  361.2 
joules/gm  (Ref  169) 


Stability  in  Storage.  LA  has  been  found  un- 
changed with  respect  to  purity  or  brisance 
after  storage  for  25  months  at  50°  or  after 
storage  under  a w-aic  mixt  at  RT;  storage  at 
80°  for.  15  months  caused  no  decrease  in  bri- 
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compn  contg  LA  showed  no  decrease  in  sen- 
sitivity to  stab  action  (Ref  141)  (See  also 
Refs  11,28,  & 79).  On  the  otherhand,  MF 
stored  at  80°  for  1 day  was  reduced  to  92% 
purity  and  its  initiating  efficiency  was 
practically  destroyed  (Ref  141) 


Temperature  Developed  on  Explosion.  34  20° 
(Ref  16)  to  3450°  (Refs  73&91);  3484°  (Ref 
128a,  p 1) 


Thermal  Decomposition  of  LA  has  been  the 
subject  of  study  by  a large  number  of  in- 
vestigators: Hitch  (Ref  17)  found  LA  ex- 
tremely hard  to  decomp  without  explg.  Garner 
& Gomra  (Ref  44)  in  studying  the  rate  of  de- 
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compd  much  more  rapidly  than  a-LA;  the 
critical  increments  were  a-form  47,600  cals 
and  /8-form  38,800  cals.  The  kinetics  of 
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thermal  decompn  of  a-LA  were  studied  by 
Evans  (Ref  165),  Hill  (Ref  156)  and  Griffiths 
& Goocock  (Refs  152  & 155)  who  found  initial 
rapid  evolution  of  gas,  followed  by  the  for- 
mation of  surface  nuclei  which  grow  three- 
dimensionally.  The  decay  stage  followed 
the  contracting  sphere  mechanism.  Garner 
(Refs  88 & 161)  also  investigated  the  reaction 
kinetics  of  LA  decompn  while  Hawke  s & 
Winkler  (Ref  106)  indicated  that  thermal 
expln  of  LA  may  be  spontaneous.  The  min 
energy  requirements  for  ignition  of  LA  and 
other  expls  have  been  reported  (Ref  164). 
According  to  Suzuki  (Ref  133),  Ryabinin 
(Ref  105),  Tsukerman  (Ref  103),  Apin  (Ref 
84),  Yoffe  (Ref  121),  Ubbelohde  et  al  (Ref 
111)  expl  decompn  occurred  after  an  in- 
duction period.  Moskovich  & Aleksandrovitch 
(Ref  65)  found  that  during  the  induction 
period,  Pb  atoms  formed  at  the  cryst  sur- 
face were  autocatalytic  in  accelerating  de- 
compn. Experiments  by  Apin  (Ref  84)  showed 
that  the  decompn  velocity  increased  slightly 
during  the  induction  period,  then  rapidly,  and 
finally  expln  occurred.  Muraour  (Ref  77), 
Andreev  (Ref  168)  and  Bowden  et  a\  (Refs 
120  & 148)  have  studied  the  effects  of  pres- 
sure and  confinement  on  the  decompn  rate 
of  azides,  fulminates  and  other  expls.  Also 
studies  of  LA  decompn  in  vacuo  have  been 
reported  by  Schumacher  (Ref  55)  and  Burlot 
(Ref  56)  Muraour  & Schumacher  (Ref  56a)  and 
of  the  influence  of  heat  have  been  reported 
by  Belyaev  (Ref  83)  >Weyl  (Ref  122)  and  the 
effect  of  shock  from  electrons  by  Muraour 
(Ref  54).  The  critical  amt  of  LA  for  ignition 
in  Hj-Oj  mixe  and  CH4-air  mixt  has  also  been 
deed  (Ref  117) 

Andreev  (Ref  154)  published  a book  on  the 
thermal  decompn  and  expln  of  substs  which 
includes  a discussion  on  azides.  Recent 
exptl  work  on  azide  research  has  been  re- 
viewed in  a symposium  on  the  initiation  and 
growth  of  explosions  in  solids  [Proc  Roy  Soc 
246 A,  pp  145-297  (1958)1.  Wyatt  (Ref  160)  dis- 
cussed ignition  by  elec  discharge,  Bowden 
(Ref  162)  ignition  by  neutrons,  a-particles 
and  fission  products,  Kaufman  (Ref  163) 


discussed  the  effect  of  nuclear  radiation  and 
Groocock  (Ref  155)  Todd  and  Parry  (Ref 
172)  the  effect  of  high  energy  x-rays  on  the 
thermal  decompn  of  LA.  Low  x-ray  dosage 
caused  LA  crysts  to  decrepitate  with  heat 
and  to  increase  in  hardness.  Higher  x-ray 
dosage  produced  severe  damage,  98%  de- 
struction of  a Service  LA  sample  was  ob- 
served after  an  x-ray  dose  of  3.5  * 10s 
rontgen.  In  air  the  solid  decompn  prod  was 
basic  lead  carbonate,  2PBCOa -Pb(OH)2.  In 
the  absence  of  C02  but  in  the  presence  of 
w,  the  prod  was  Basic  Lead  Azide  of  un- 
known formula.  According  to  Renaud  (Ref 
119)  LA  when  treated  for  20  min  with  a 
supersonic  intensity  of  100  w/sq  cm  and  1 
megacycle/sec  showed  no  explosibility. 
Audubert  (Ref  76)  found  that  slow  thermal 
decompn  of  LA  gave  rise  to  UV  radiation 
(See  Refs  67a  & 69) 

Effects  of  Radiation.  LA  exposed  to  gamma 
radiation  by  Warren  et  al  and  by  Kosen- 
wasser,  as  reported  in  Ref  139,  exhibited  post- 
irradiation gas  evolution  as  measured  by  vac 
stab  test  appar.  Bowden  & Singh  (Ref  135) 
irradiated  Pb,  Ag  and  Cd  azides  with  electrons, 
neutrons,  fission  prods  and  x-rays.  All 
azides  were  exploded  by  an  intense  75-kv 
electron  stream.  Thermal  neutron  irradiation 
did  affect  the  subsequent  decompn  of  Li  and 
Pb  azides.  Muraour  & Ertaud  (Ref  129)  also 
subjected  LA  to  a neutron  flux.  Raney  (Ref 
158)  reported  that  a total  flux  of  7.5  x 10ie 
n/sq  cm  converts  LA  to  Pb  carbonate.  Ac- 
cording to  Berchtold  & Eggert  (Ref  128)  ig- 
nition of  LA  by  exposure  to  energy  from  a 
photographic  ''electron”  flash  bulb  at  a dis- 
tance of  6 cm,  reqd  240  W-sec  energy.  The 
dissociation  of  LA  by  absorption  of  light 
energy  was  described  by  Eggert  (Refs  130  & 
167) 

Other  Properties.  Delay  et  al  (Ref  100)  and 
Mohler  (Ref  98)  obtd  infrared  absorption 
spectra  of  LA  and  other  expls  in  the  range 
3 co  19/i  Kahovec  & Hohlrausch  (Ref  109) 
detd  the  Raman  Effect  of  crystalline  LA. 

Wohler  (Ref  7)  observed  that  LA  decompd  in 
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direct  sunlight  quicker  than  other  azides. 

In  sunlight  or  under  w,  LA  becomes  yel-brn 
and  then  It  yel;  NHS  is  evolved  as  a result 
of  the  reduction,  by  Pb,  of  the  HN03  formed 
on  hydrolysis;  the  Pb  is  oxidized  to  form  a 
Basic  Lead  Azide  PbO*Pb(N3)2  (qv)  (Ref  9). 
Belyaev  & Matyushko  (Ref  87)  measured  the 
heat  conductivity  of  LA  and  obtd  a Specific 
Heat  value  of  0.09  caI/gm/°C  vs  a value  of 
0.1  for  MF.  Roth's  (Ref  169)  value  of  the 
ratio  of  mean  specific  heats  is  1.337.  Hattorie 
& McCrone  (Ref  144)  measured  the  Refractive 
Index  and  the  Molecular  Refraction  of  form 
I (a)  and  form  II  (j8)  LA 

According  to  Stewart  (Ref  11)  moist  LA  is 
not  affected  by  contact  with  steel  or  Fe 
whereas  MF  changes  under  storage  in  con- 
tact with  these  metals.  Also  Cu,  brass  and 
A1  had  considerably  less  effect  on  LA  than 
on  MF  (Ref  28).  LA  does  corrode  Cu  with  the 
formation  of  the  extremely  sensitive  Cupric 
Azide  (qv)  (Ref  99).  Eschback  & LObbecke 
(Ref  39)  avoided  the  reaction  of  LA  with  Cu 
or  brass  parts  by  coating  them  with  Cd. 

Warren  (Ref  89)  has  also  studied  the  action 
of  LA  on  copper 

According  to  Seavey  & Kerone  (Ref  63)  LA 
can  be  made  safe  for  handling  by  wetting  it 
with  a non-flammable  liq,  such  as  dichloro- 
ethyl  ether,  which  is  a non  solvent  and  is 
less  volatile  than  w but  is  capable  of  com- 
plete removal  by  drying.  Moskovich  (Ref  75) 
prepd  stable  gelatin  emulsion  of  LA  and 
detd  their  props.  Strecker  & Claus  (Ref  26a) 
found  that  selenium  monobromide  reacted  with 
LA  suspended  in  benz  forming  Pb  chloride  and 
selenium.  Klatt  (Ref  80)  noted  that  LA  in 
HF  produced  an  in  sol  ppt  of  PbF2  with  evo- 
lution of  gaseous  HN3.  The  characteristics 
of  LA  have  been  modified  by  Birkenbach  & 
Rorig  (Ref  30)  by  the  formation  of  mixed 
crysts  or  double  salts,  such  as  Pb(NJ)2,PbC!1 
and  Pb(N3)a'PbBr2.  The  double  salt  with  Pb 
bromide  was  not  exploded  by  a 10-kg  hammer 
falling  through  100  cm,  whereas,  the  Pb 
chloride  double  salt  exploded  when  the  same 
hammer  fell  65  cm.  Pure  LA  exploded  when  a 
2- kg  hammer  fell  35*40  cm.  Friederich  (Ref 


25)  by  simultaneous  or  successive  pptn 
obtd  LA  in  mixed  or  double  crysts  with  other 
substs,  such  as  basic  lead  azide  (qv),  heavy 
metal  hydroxides,  carbonates,  basic  chlo- 
rides and  sulfates,  and  neutral  and  basic 
salts  of  nitro  compds.  Such  mixed  LA  crysts 
are  claimed  to  be  suitable  for  use  in  expl 
compns 

Destruction  or  Killing  of  LA.  Explosives  of 
the  initiating  type,  such  as  LA,  cannot  be 
burned,  hence  relatively  large  quants  are  de- 
stroyed by  detonating  them;  small  quants  are 
decompd  chemically.  LA  can  be  chemically 
destroyed  by  any  one  of  the  folio  wing  methods 

(Ref  141):  (a)  mix  LA  with  at  least  5 times 
its  weight  of  a 10%  NaOH  soln  and  allow  the 
mixt  to  stand  for  16  hrs  with  occassional 
stirring.  The  resulting  supernatant  soln  of 
Na  azide  is  decanted  and  disposed  of  by 
drainage  into  the  ground,  (b)  dissolve  LA  in 
a 10%  ammonium  acetate  soln  and  add  a 10% 
Na  or  K bichromate  soln  until  no  more  yell 
lead  chromate  is  pptd.  (c)  Wet  LA  with  500 
times  its  weight  of  w,  slowly  add  12  times 
its  weight  of  a 25%  sodium  nitrite  soln, 
agitate,  and  then  slowly  add  14  times  its 
weight  of  a 36%  nitric  acid  or  glacial  acetic 
acid  soln.  A red  color  produced  on  adding 
ferric  chloride  soln  indicates  LA  is  still 
present.  Toxic  fumes  of  nitrogen  oxides  (See 
Sax,  Ref  150,  p 950-1)  are  liberated  in  this 
process:  Pb(N3)a  + 2NaNOa  + 4HNO,  -» 
Pb(NOj)a  + 2NaNO,  + N202  + 2Na  + 2H20.  (d) 
dissolve  LA  in  50  times  its  weight  of  a 15% 
cerric  ammonium  nitrate.  The  LA  is  decompd 
with  the  evolution  of  nitrogen 

Uses.  Hyronimus  of  France  (Ref  3)  should  be 
credited  with  the  first  success,  in  1907,  in 
the  attempt  to  use  LA  in  the  expl  industry. 

He  proposed  the  use  of  LA  in  detonators  to 
replace  either  wholly  or  in  part  the  MF  which 
had  been  used  theretofore.  In  1908  and  later 
Wo'hler  (Ref  4)  also  secured  patents  for  the 
use  of  LA  as  a substitute  for  MF  in  filling 
detonators  and  primers.  Soon  afterwards  LA 
was  manufd  in  Germany  and  in  France  and 
compd  detonators  were  used  in  Europe  during 
WWI.  Some  years  later  the  manuf  of  LA 
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detonators  was  begun  in  the  IJSA  but. 
since  1930,  its  military  and  coml  uses  have 
been  restricted  to  "dextrinated”  LA 

A number  of  investigators  have  conducted 
tests  or  reviewed  the  literature  relative  to 
the  use  of  LA  as  a detong  agent.  These  in- 
clude reports  by  Stettbacher  (Refs  13,31,85 
JE/  1X4)  Taylor  Cops  (Hof  14),  Halo  (Rof 
29),  Taylor  & Rinkenbach  (Ref  33),  Audrieth 
(Ref  59),  Ubbelohde  et  al  (Ref  111),  Rosen- 
wasser  (Ref  170),  Evans  et  al  (Ref  171)  and 
others  (Refs  5,8,10,12,26,27,34,36,37,42,62, 
127,141,  & 157).  The  large  and  extensive 
patent  literature  is  evidence  of  the  impor- 
tance  of  LA  as  a d^tonatin^  czpl 
LA  is  used  as  an  initiating  agent  in 
military  ammo  and  in  priming  compns  which 
are  physical  mixts  of  materials  that  are 
very  sensitive  to  impact  or  percussion,  and 
when  exploded  undergo  very  rapid  auto  com- 
bustion. LA  has  many  advantages  over  MF: 
a)  it  is  safer  to  handle,  b)  its  nitrogen  con- 
tent is  higher,  c)  it  possesses  a lower  sen- 
sitivity to  impact  and  percussion  when  pressed 
and  is  more  easily  detond  by  flame  than  by 
shock  or  friction,  d) while  MF  and  some  other 
initiating  compds  become  "dead"  at  high 
press,  LA  acquires  a higher  brisance  and 
penetrating  power  when  compressed  to  high 
density,  e)  it  is  less  expensive  than  MF  to 
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(info  on  manuf  and  analysis  of  LA) 


Lead  Aside,  Basic,  PbO*Pb(N3)2,  mw  514.47, 
N 16.34%,  ndls,  mp-explodes  at  390°.  Basic 
LA  was  first  prepd  by  Wohler  & Krupko  (Ref 
1)  in  three  ways:  a)heating  aq  suspensions 

of  Pb(Nj)a  and  Pb(0H)2  in  a sealed  tube  at 
140°  for  12-15  hrs,  b)leading  COa  free  air 
thru  a boiling  aq  suspension  of  LA  until  the 
calcd  amt  of  HNj  was  evolved, and  c)heating 
the  requisite  quants  of  LA  and  Pb(OH)a  on  a 
water  bath  for  24  hrs.  The  latter  two  methods 
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yielded  uniform  products.  Feitknecht  & 

Sahli  (Ref  4)  prepd  basic  LA  by  hydrolysis 
of  LA  with  Ha0,  by  reaction  of  LA  with 
NaOH, and  by  pptn  from  Pb  salt  solns  by  a 
mixt  of  NaN,  and  NaOH 

X-ray  examination  (Ref  4)  showed  three 
forms  of  Pb(N,)2*PbO:  la,  the  unstable  re- 
action product  of  Pb(Ns)a  with  1 equiv  NaOH; 
1/3,  the  stable  reaction  product  of  Pb(N3)a 
with  1 equiv  NaOH;  and  Iy,  the  reaction  prod- 
uct of  Pb(N3)3  with  PbO*%HaO  and  the  hy- 
drolysis product  of  Pb(Nj)2  with  HjO.  Three 
forms  of  3Pb(Nj)2*5HaO  were  identified:  Ila, 
the  reaction  product  of  Pb(N3)a  with  1.2  equiv 
NaOH;  II/S,  the  ppt  from  Pb(NO,)a  with  1 
NaOH  and  1 NaN,;  and  Hy,  the  ppt  from 
P b(NO} )a  with  1.2  NaOH  and  0.8  NaNs.  Basic 
LA,form  III,  Pb(N3)a-2PbO -Pb(N,)a*3PbO; 
form  IV,  2Pb(N3)a-7Pb(OH)a;  and  form  V, 
Ph(Nj)a*4 PbO  to  Pb(N3)a-9PbO  were  also 
reported  by  Sahli  (Ref  4). 

Basic  LA  is  less  sensitive  to  impact  or 
temp  than  normal  LA.  According  to  Mellor, 
however,  (Ref  3)  an  intimate  mixt  of  LA 
and  oxide  in  proportions  necessary  to  form 
the  sub-oxide  showed  the  same  sensitivity 
as  pure  LA 

Friederich  (Ref  2)  proposed  the  use  of 
basic  LA  in  mixed  or  double  crysts  with 
other  substs,  such  as  LA,  heavy  metal  car- 
bonates etc.  The  double  crysts  were  obtd  by 
simultaneous  or  successive  pptn. 

Refs:  l)L.W6'hler  & W.Krupko,  Ber  46,  2052 

& 2054(1913)  & C A 7,  3088(1913)  2)W. 
Friederich,  Brit  P 180605(1921)  & CA  16, 
3399(1922)  3)MeIlor  8 (1928),  353-4  4)W. 

Feitknecht  & M. Sahli,  Helv  37, 1423-39(1954) 
& CA  48,  13505-6(1954) 

Lead  (IV)  Azide.  Treatment  of  Pt^O*  with 
aq  HN}  soln  yielded  a yeLred  soln  with  a 
considerable  Pb(IV)  azide  content.  Normal 
HN3  soln  and  Pb304  gave  corapds  of  PbN# 
to  PbNl0,  while  coned  HNS  solns  yielded  a 
compd  slightly  lower  than  PbNia.  These  aq 
Pb(IV)  azide  solns  decompd  spontaneously 
with  evolution  of  Na  and  pptn  of  Pb(N3)a. 
Attempts  to  prepare  solid  Pb(IV)  azide  by 


mixing  ethyl  acetate  or  acetone  solns  of 
(NH4)2  PbCl6  and  NaN3  gave  a dk-red  soln. 
This  soln  on  treatment  with  petr  eth  gave 
an  unstable  expl  azide  thought  to  be  NH4Pb 
(IV)  azide 

Ref:  H.Moller,  ZAnorgChem  260,  249-54 
(1949)  & CA  44,  5750-1  (1950) 
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Lead  Azide,  Various  Military  Types. 

Although  LA  has  been  known  since  1891 
and  patented  in  1907  for  use  in  detonators 
(see  general  discussion  and  Uses  under 
Lead  Azide),  its  adoption  for  military  pur- 
poses was  slow  due  to  hazards  involved  in 
its  manuf.  Notwithstanding  its  many  advan- 
tages over  MF,  some  countries  (such  as 
Russia)  still  did  not  replace  MF  with  LA 
in  all  primers  and  detonators.  It  is  known 
that  Germany,  GtBritan  and  US  started  to 
use  LA  for  military  purposes  in  the  early 
thirties.  Germany  and  US  adopted  dextrinated 
LA,  while  GtBrit  preferred  cryst  LA  built 
around  a nucleus  of  Pb  carbonate  (called 
''service”  LA).  Commercial  manuf  of  LA  in 
the  US  began  ca  1932  by  the  duPont  Co  and 
this  material  (dextrinated  LA)  was  adopted 
some  time  later  by  the  US  Ordnance  Corps. 
Another  type  of  LA,  the  so-called  colloidal, 
was  known  since  about  1918  (see  Refs  21, 

23,  24  etc  under  general  discussion  on  Lead 
Azide),  but  it  was  not  until  1932  that  it  was 
investigated  at  PicArsn  with  a view  of  its 
use  for  military  purposes  (Ref  1).  The  mate- 
rial investigated  at  PicArsn  was  prepd  by 
the  method  patented  by  Rinkenbach  (Ref  2). 
This  investigation  showed  that  CLA  was 
much  less  hygroscopic  than  the  DLA  sup- 
plied by  the  du  Pont  Co  and  that  it  was 
about  3 times  as  efficient  when  used  in  det- 
onators. Another  type  of  non-dextrinated  LA, 
the  so-called  PVA-LA  (polyvinyl  alcohol 
LA)  was  developed  and  patented  in  1947  by 
Fleischer  & Burtle  (Ref  6)  and  assigned  to 
Olin-Mathieson  Chem  Corp.  This  substance 
proved  to  be  superior  not  only  to  DLA  but 
also  to  CLA,  as  was  later  shown  by  Wagner 
et  al  at  PicArsn  (Refs  23&24) 

According  to  Wagner  (Ref  24),  the  DLA 
was  considered  satisfactory  for  military 
purposes  until  it  was  required  to  produce  a 
small  detonator  for  use  in  20  mm  ammo.  The 
development  of  this  detonator,  which  began 
at  PicArsn  c'a  1947  is  described  in  detail 
by  Seeger  (Ref  14).  This  detonator,  desig- 
nated as  M47  or  T32E1,  was  a short,  stab- 
type  contg  as  a primary  chge  ca  15  nig  NOL 


No  130  [basic  LSt  40,  LA  20,tetracene  5, 

Sb2S,  15  & Ba(NOs)2  20%],  as  a base  charge 
not  less  than  34  mg  RDX,and  as  an  inter- 
mediate charge  LA.  As  the  dimensions  re- 
quired for  this  detonator  were  very,  small 
(0.290"  long  and  0.145"  diam,  outside),  there 
was  not  enough  room  to  contain  the  amt  of 
DLA  needed  to  achieve  what  was  required 
from  this  detonator.  This  meant  that  a more 
efficient  expl  than  DLA  was  required.  As  no 
other  initiating  expls  seem  to  be  superior 
to  LA,  it  was  decided  to  investigate  the 
non-dextrinated  LA's  and  to  compare  their 
properties  with  dextrinated  LA’s.  A total  of 
six  LA's  (including  the  dextrinated)  were 
investigated  at  PicArsn  (see  table,  pA559), 
while  experimental  LA’s  RD-1343  and  RD- 
1352  were  investigated  in  GtBritain.  Since 
Brit  reports  ERDE  7/R/58  and  ERDE  10/R/57, 
describing  prepn  and  props  of  RD-1343  and 
RD-1352  are  conf,  they  were  not  used. 

Following  LA's  are  listed  by  Wagner  (Ref 
24): 

A)  Dextrinated  Lead  Azide:  (abbrd  as  DLA), 
known  also  as  Type  I LA  (US).  Its  prepn  and 
props  are  described  under  Lead  Azide 

B)  Service  Lead  Azide : (abbrd  as  SLA) 

(Brit).  It  is  the  std  United  Kingdom  LA  con- 
sisting of  LA  crysts  each  contg  a nucleus 
of  Pb  carbonate.  Its  method  of  prepn  is  prob- 
ably conf.  No  repts  describing  its  prepn  were 
available  at  PicArsn.  Its  props  were  detd  at 
PicArsn  on  a sample  procured  from  the  Western 
Cartridge  Co,  which  used  to  manuf  this  ma- 
terial for  Canada  during  WW  II  (Ref  24).  Most 
of  these  props  are  listed  in  the  table,  pA559 

Brit  service  LA  is  practically  non- 
hygroscopic  and  is  superior  in  functioning 
characteristics  to  dextrinated  LA,  but  it 
offers  no  substantial  advantage  over  RD-1333 
LA.  It  has  been  considered  at  Gt  Brit  that 
storage  of  SLA  under  w is  hazardous  due  to 
the  possibility  of  growth  of  crysts  and  for- 
mation of  agglomerates  which  deton  sponta- 
neously. At  least  one  expln  was  attributed 
to  this  cause.  Long-term  storage  tests  con- 
ducted at  PicArns  did  not  show  any  growth  of 
crysts  (Refs  22  & 24) 
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C)  Colloidal  Lead  Azide:  (abbrd  as  CLA) 
or  Type  II  (US)  is  nondextrinated  LA  of 
very  small  (3-4  micron)  particle  size,  patented 
in  1933  by  Rinkenbach  (Ref  2).  For  its  prepn, 
to  an  aq  soln  contg  4%  of  Na  azide  was 
rapidly  added,  while  mechanically  agitating 
and  maintaining  the  temp  at  25°,  a soln  of 
Pb  nitrate  or  Pb  acetate  in  slight  excess  of 
the  amt  necessary  for  the  equation: 

2NaN}  + Pb<NOj)2  Pb(Ns)2  + 2NaNO, 

The  resulting  slurry  was  filtered  and  the  ppt 
washed  with  several  portions  of  w and  dried. 
This  product  could  be  handled  and  pressed 
without  danger  of  expin  (Ref  2).  This  state- 
ment is  not  consistent  with  the  impact  test 
values  given  in  table,  p A559.  This  table 
also  gives  some  other  props  of  CLA,  as  was 
reported  in  Ref  24.  Its  loading  d was  not  re- 
ported at  15000  psi,  but  in  Ref  1 it  is  given 
as  2.77  at  psi  3000  vs  2.93  for  crystalline  LA. 
Stability  in  storage  is  given  in  Ref  18 

According  to  Ref  24,  the  CLA  is  not  suited 
for  uses  requiring  good  flow  characteristics, 
but,  because  of  its  very  fine  particle  size  it 
is  ideal  as  a spot  charge  and  a priming  chge 
in  low  energy  electric  initiators.  It  success- 
fully replaced  the  milled  dextrinated  LA  for- 
merly used  for  this  purpose,  thus  eliminating 
the  milling  operation  which  was  always  con- 
sidered dangerous,  even  under  carefully  con- 
trolled conditions.  For  prepg  a spot  charge  fur 
a low  energy  elec  detonator,  a dry  colloidal 
LA  is  mixed  with  a coned  soln  of  MC  in  eth- 
alc  (or  other  solvent)  and  a small  quantity  of 
resulting  paste  is  placed  on  the  bridge  wire 
to  form  a droplet  (spot).  For  a type  of  deto- 
nator in  which  the  bridge  wire  is  located  in- 
side a cavity,  the  charge  of  LA  can  be  made 
in  the  form  of  a pellet  by  pressing  wet  LA 
into  the  cavity. 

US  Military  requirements  and  tests  for 
colloidal  LA  (called  also  Type  II)  are  given 
in  Ref  19-  The  tests  are  essentially  the  same 
as  for  DLA  (Type  I)  (See  item  VII  under  Lead 
Azide,  Plant  Analytical  Procedures),  except 
the  particle  size  detn 


D)  Polyvinylalcohol  Lead  Azide:  (abbrd  as 
PVA-LA),  patented  by  Fleischer  & Burtle 
(Ref  6)  can  be  prepd  by  adding  to  the  soln 
of  NaNj  a soln  of  Pb  nitrate  contg  ca  3%  of 
PVA  in  soln.  The  resulting  product  consists 
of  LA  crysts  coated  with  PVA.  This  method 
of  prepn  is  very  similar  to  prepn  of  dextri- 
nated LA  described  in  detail  under  Lead 
Azide.  PVA-LA  possesses  practically  the 
same  sensitivity  to  impact  as  DLA,  but  is 
much  more  efficient  in  detonators  and  is 
practically  non- hygroscopic.  Its  assay  is 
usually  93_ 96%  LA.  Its  ignitability  is  prac- 
tically the  same  as  for  straight  LA  and 
better  than  for  DLA.  Some  props  of  PVA- 
LA  contg  96.07%  LA  are  given  in  the  table. 

For  more  info  on  PVA-LA  see  Refs  23  & 24 

Note:  Fleischer  & Burtle  (Ref  6)  also  patented 
LA’s  prepd  by  pptg  in  presence  of  one  of  the 
following  substances:  polyethylene  glycols 
(such  as  "Carbowax”  and  hexaethylene- 
glycol)  and  ureaformaldehyde  polymer  (such 
as  "Uformite).  Their  props  were  claimed  to 
be  similar  to  those  of  PVA-LA 

E) RD- 1333  LA  (Brit).  It  is  an  experimental 
expl  developed  as  a possible  substitute  for 
the  SLA,  which  has  been  considered  to  be 
too  sensitive  for  some  operations.  Method  of 
prepn  of  RD-1333  is  described  in  conf  Brit 
rept  (Ref  12).  Its  props  were  examined  at  Pic 
Ars  and  are  given  in  conf  rept  (Ref  21).  The 
props  of  RD-1333  listed  in  the  Table,  p A559 
were  taken  from  an  unclassified  rept  (Ref 
24) 

F)  Dextrinated  Colloidal  Lead  Azide  (abbrd 

as  DCLA),  was  prepd  on  an  experimental  basis 
by  the  Olin-Mathieson  Chem  Corp,  in  essen- 
tially the  same  way  as  the  DLA  except  that 
process  controls  were  requlated  to  give  an 
end  product  of  a very  small  (1-2  micron)  par- 
ticle size.  Its  props  are  described  in  Ref  24. 
See  also  the  table  on  pA559 

G)  RD-1343  LA  (Brit).  It  is  an  experimental 
LA,  considered  to  be  an  improved  version  of 
RD-1333-LA.  Its  prepn  and  props  are  described 
in  conf  Brit  rept  (Ref  20) 


* LA  was  used  as  an  intermediate  charge;  as  a primary  ehge  was  used  15  mg  of  NOL  No  130  mixt  (basic  LSt  40,  LA  20,  tetracene  5, 
Ba  nitrate  20  & Sb  sulfide  15%).  All  chges  cf  M47  were  consolidated  at  ca  15000  psi  **  Values  given  in  PATR  255  (1932) 
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H )RD-  1352-LA  (Brit).  It  is  an  experimental 
dextrinated  LA  prepd  with  the  idea  of  i m- 
provg  the  existing  Brit  LA’s.  Its  prepn  and 

*s  ^ I — D -!  *■  /D  1 

cue  All  LUU  LUUl  i.CjJL  ^1\C1  i / ; 

Remarks  on  Table ; a)LA  content  was  detd 
by  measuring  the  nitrogen  content  of  the 
sample  and  ealeg  % LA  [See  US  Ordnance 
Corps  Gasometric  Method,  item  III  C a.  under 
Lead  Azide  Plant,  Analytical  Procedures] 

b)The  % lead  in  a sample  on  a LA  basis  is 
always  less  than  that  given  by  a total  lead 
analysis  (See  item  III  D,  under  Lead  Azide 
Plant,  Analytical  Procedures).  A sample 
ealen  showing  this  is  outlined  below:  mw 
of  Pb(Ns)s  - 291.26;  at  wt  of  Pb  207.21  and  % 
Pb  in  Pb(N,)2  - 207.21/291.26  “ 71.08.  If 


% Pb(N,)»  in  a DLA  is  92.8,  then  % Pb  in 
sample  based  on  LA  is  71.08  * 92.8  = 65.8, 
as  against  69.3  found  by  analysis.  The  % 
excess  of  Pb:  69-3  “ 65.8  ” 3.5  is  due  to 
Pb  contg  impurities,  believed  to  be  organic 


)«npl exes  of  Ic^d  hydrosidv 


true  for  other  LA’s  contg  organic  matter 
(such  as  PVA  LA,  DC  LA,  RD-1333,  RD-1343 
and  RD-1352).  The  Pb  contg  impurity  in 
case  of  Brit  SLA  is  Pb  carbonate 

c)P article  size  was  detd  either  according  to 
procedures  given  in  Ref  19  or  by  the  improved 


Note:  According  to  Wagner  (Ref  24),  it  has 
always  been  generally  accepted  that  a few 
of  the  accidental  explns  which  have  occurred 
with  LA  during  its  history  were  caused  by 
the  fracture  of  crysts  which  were  too  large 
or  too  easily  fractured.  Some  of  the  recent 
investigators,  sac H as  Garner  & Gomm  {^R.ef 
3)  and  Miles  (Ref  4)  are  inclined  to  think  that 
accidental  explns  might  be  caused  by  the  beta 
variety  of  crysts  which  are  formed  during 
manuf  together  with  alpha-crysts  and  remain 


in  stored  LA.  This  view  seems  inconsistent 
with  the  recent  work  conducted  at  the  Armour 

I?  noo  rjr/’k  TT  Inn  fTi  T ^ In  nrk  1 If  ni^c 

m.  lI\.  U4Vtl  A,  VMU\JUVi\j '■*  A//j  ft  tIAVil  4«-  T.  mu 

shown  that  if  any  beta- variety  were  made,  it 
would  be  rapidly  transformed  to  the  alpha- 
form  when  the  material  is  stored  under  water 
According  to  Wagner  (Ref  24)  it  is  believed 


that  the  sensitivity  of  LA  is  due  at  least  in 
part,  to  Internal  stresses  formed  in  the  crys- 
tal which  are  an  inherent  result  of  the  manufg 

A C»  C>  An  L A*  Vi  1 An/]  A 1 1 

pi  Vi-  x.  tcu^V  auu  oiuaii 

crysts  could  be  stressed,  making  them  ex- 
tremely sensitive  to  impact.  More  evidence 
that  cryst  size  is  not  a controlling  influence 
on  impact  sensitivity  may  be  found  in  Ref  11 

d) Apparent  density  given  in  the  table  for 
duPont  DLA  and  for  CLA  was  detd  by  Burton 

i_j m 1 \ l ..  £Mi: : ^ - 

cx  nuppcx  x ) uy  uuiu^  wiui  a Lap- 

ping  a fared  5 ml  graduate  to  the  mark  and 
weighing  the  ensemble 

e) Density  of  pressed  sample  was  detd  by  the 
mercury  displacement  method.  For  this  a 
tared  No  6 cap  was  filled  with  Hg  and  weighed. 
After  emptying  the  cap,  it  was  filled  with  a 


rately  weighed.  After  adding  some  Hg  to  fill 
the  empty  space  in  the  cap  created  by  com- 
pressing, the  cap  was  reweighed 

/ R_r 


d - A 


Vs 


546 


, where 


A ° wt  of  sample,  B = wt  of  Hg  necessary 
to  fill  the  cap  C “ wt  of  Hg  to  fill  the  empty 
space  and  13.546  the  d of  Hg 

f) Sand  test  values  were  taken  from  Ref  1. 

Tkay  ryjor o k y tkg  /J*  SCilBvd  jf* 

Ref  7 

g) Explosion  temperature  values  were  detd  as 
described  in  Ref  7 

h) lmpact  sensitivities  were  detd  as  described 
in  Ref  7 

Note:  Most  of  the  impact  sensitivity  values 
recorded  in  the  table,  pA559  are  averages  of 
those  reported  in  various  CLR  and  GLR  re- 
ports of  PicArsn.  The  values  which  appeared 
to  be  doubtful  are  marked  with  (?).  It  seems  that 
the  values  obtained  for  LA  with  PicArsn  app 
are  more  reliable  then  those  obtained  with 
BurMines  app.  This  unrealibility  is  partic- 
ularly noticeable  when  a 2 kg  wt  is  used  with 
BM  app.  As  readings  for  LA’s  are  very  small 
when  using  the  2 kg  wt.  it  is  difficult  to  dif- 
ferentiate between  samples  because  their 
sensitivities  are  so  similar.  It  is  easier  to 
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evaluate  the  sensitivities  if  larger  readings 
are  obtained,  such  as  when  using  a 500  g wt 

i) Vacuum  stability  test  and  100°  Heat  test 
were  detd  according  to  Ref  7.  Judging  from 
the  data  as  recorded  in  the  table,  p A559, 
all  types  of  LA's  investigated  at  PicArsn 
were  of  satisfactory  stability 

j) Miniraum  chge  of  LA  required  to  initiate 
60  mg  of  RDX,  was  detd  by  loading  each  of 
many  caps  used  for  M47  detonator  with  60  mg 
RDX  (base  chge)  and  different  amts  of  LA 
(initiating  chge).  The  smallest  amt  of  LA  re- 
quired to  cause  high  order  detonation  (as 
judged  by  the  diam  of  hole  punched  in  a lead 
disk  on  firing  a cap  against  it)  in  100%  of 
firings  was  considered  the  minim  chge 

k) Hygroscopicity  was  detd  according  to  the 
proced  described  in  Refs  9 & 13-  The  same 
info  is  given  in  Ref  14 

In  this  procedure  a 2*3  g dry  sample 
was  transferred  by  means  of  a wooden  spat- 
ula to  a fared  Petri  dish  (ca  90  mm  diam  and 
13  mm  high).  After  redrying  the  sample  at 
95°  for  ca  30  mins,  the  ensemble  was  cooled 
for  20  mins  in  a desiccator  and  reweighed. 

All  weighings  were  made  as  quickly  as  pos- 
sible. The  dried  sample  and  dish  were  placed 
in  a humidor  maintained  at  90%  RH  and  30° 
and  left  there  for  a specified  period,  such  as 
24,  48,  or  56  hours 

Note:  Results  in  the  table,  p A559  indicate 
that  of  all  the  examined  types  of  LA's  only 
DLA  is  very  hygroscopic.  This  means  that 
it  can  pick  up  moisture  in  excess  of  permitted 
max 0.5%  from  the  time  of  its  removal  from 
the  dry  house  until  it  is  used  for  loading 
detonators  (Ref  24).  From  this  it  is  logical 
to  assume  that  some  of  the  picked  up  moist 
would  have  to  be  volatilized  before  DLA 
could  be  raised  to  a temp  high  enough  to  be 
initiated  by  flame.  This  means  that  the 
higher  the  moist  content,  the  harder  it  will 
be  to  initiate  DLA  especially  by  heat  trans- 
fer and  the  lower  will  be  the  output.  This 
decrease  in  output  might  be  the  result  of  a 
substantial  decrease  in  the  stable- deton  rate 
or  the  inability  of  DLA  to  attain  a high  rate 


of  deton  in  a limited  column  length.  If  moist 
content  of  DLA  is  0.8%  or  higher,  the  det- 
onators used  by  the  US  Ordnance  Corps  usu- 
ally function  low  order.  It  has  been  tenta- 
tively established  that  in  order  to  obtain  a 
high  order-detonation  a column  length  of  at 
least  0.1"  is  required  if  dry  DLA  is  used  and  an 
appreciably  longer  column  must  be  used  if 
DLA  is  moist.  Most  US  detonators  are  long 
enough  to  permit  the  use  of  DLA  with  a moist 
content  0.5%  or  si  higher,  but  this  does  not 
apply  to  the  M47  detonator,  which  has  a LA 
column  only  ca  0.  llw  long  and  ca  0.12"  in 
diam.  As  it  is  practically  impossible  to  have 
DLA  completely  dry,  its  use  in  short  deto- 
nators, such  as  M47  cannot  assure  100% 
functioning  high  order.  For  these  reasons, 
it  has  been  proposed  to  use  in  short  deto- 
nators non-hygroscopic  materials,  such  as 
PVA-LA,  RD-1333*LA  etc,  which  are  be- 
sides more  effective  than  DLA 

Aside  from  impairing  the  functioning  of 
LA,  moisture  in  a detonator  has  other  detri- 
mental effects,  such  as  hydrolysis  with 
formation  of  small  quantities  of  hydra  zoic 
acid.  This  acid  can  react  with  Cu  or  Cu- 
be aring  alloys  such  as  gilding  metal  cup 
forming  extremely  sensitive  Cu(Ns)j  (See 
under  Copper  Azide).  In  order  to  prevent  this 
danger  the  Brit  use  in  their  detonators,  tin- 
coated  copper  cups,  while  the  US  practice 
includes  coating  of  gilding  metal  cups  with  lac- 
quers (such  as  Red  No  1105)  or  paints  (such 
as  acid-proof  black  paint  Type  1 or  II).  With 
these  methods  there  is  always  the  possibility 
of  scraping  off  part  of  the  coating  thus  leaving 
Cu  exposed  to  the  action  of  LA.  For  this 
reason,  the  US  Navy  prefers  to  use  A1  cups, 
but  the  Ordnance  Corps  considers  A1  not 
very  suitable  because  it  does  not  provide 
sufficient  confinement  and  also  because  some 
difficulties  are  encountered  with  shrinkage  of 
A1  cups  during  loading.  The  ideal  material 
seem  to  be  stainless  steel  because  it  is  not 
attacked  by  LA  and  because  it  provides  suf- 
ficient confinement  (Refs  22  & 24) 

Another  approach  to  prevent  the  formation 
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Cu(Nj)2  has  been  suggested  by  the  Linden 
Laboratories,  Inc  in  their  Final  Rept  Con- 
tract DAI-  28-017- 50 l-ORD-(P>  1405,  April 
1955.  The  method  consists  of  treating  the 
crysts  of  LA  with  a limited  amt  of  H2C0j, 

HaS  or  HI,  so  as  to  form  lead  carbonate,  sul- 
fide or  iodide  only  on  the  surface  without 
penetration  into  the  crystal  (Ref  22).  This 
treatment  will  unquestionably  reduce  the 
efficiency  of  LA  because  it  will  be  contam- 
inated by  inert  materials 
l)Solubility  of  LA  in  water  or  in  50%  alcohol 
was  detd  as  described  in  item  VII  F under 
Lead  Azide  Plant  Analytical  Procedures 
In  addn  to  above  listed  tests,  the  various 
LA’s  were  loaded  in  M47  caps  as  intermediate 
chges  together  with  NOL  No  130  as  a pri- 
mary chge  and  RDX  as  a base  chge  and  sub- 
jected to  the  following  tests  given  in  the 
Purchase  Description  PA-PD-202,  with  Rev 
1 dated  30  Sept  1952  and  Amend  1 dated  27 
Jan  1953: 

A)  Detonator  acceptance  test,  conducted  by. 
firing  each  detonator  against  a lead  disc 
gave  satisfactory  results  because  all  samples 
punched  holes  not  smaller  than  0.156"  in 
diam 

B) Detonator  periodic  functioning  test,  con- 
ducted by  firing  detonators,  previously  sub- 
jected to  long-term  storage  at  71°,  against  a 
lead  disc  as  in  previous  test,  also  gave  sat- 
isfactory results 

C) Detonator  safety  test,  conducted  by  assem- 
bling M47  detonators  into  M505  fuzes  and 
firing  statically  in  M97AI  HEI  20  mm  shells, 
gave  satisfactory  results 

Other  tests  included:  ballistic  firing  test, 
booster  initiation  test  and  waterproofners 
test.  They  all  gave  satisfactory  results 

In  conclusion,  it  may  be  said  that  although 
all  six  types  of  LA’s  investigated  at  Pic 
Arsn  are  satisfactory,  the  PVA-LA  and  the 
RD-1333  LA  stand  out  as  being  generally 
superior  to  DLA.  The  other  types  investi- 
gated: Brit  SLA,  CLA  and  DCLA,  while 
superior  to  DLA  in  some  respects  such  as 
output  and  hygroscopicity,  have  certain 


disadvantages,  as  can  be  concluded  from 
the  table,  p A559  (See  also  Ref  24) 

The  latest  Brit  exptl  LA’s,  RD-1343  and 
RD-1352  cannot  be  discussed  because  they 
are  classified  materials 

Refs:  1)0. E. Burton  & J.D. Hopper,  PATR 

255  (1932),  ‘'Study  of  the  Explosive  Char- 
acteristics of  Lead  Azide  Prepared  Com- 
mercially” 2)Wm.H.Rinkenbach,  USP  1,914, 
530(1933),  "Method  of  Producing  Noncrys- 
talline Explosive  Azide”  3)W,E. Garner  & 

A.S.Gomm,  JCS  1931,  2123-34  (Thermal  de- 
compn  and  deton  of  LA  crysts)  4)F.D. 

Miles,  JCS  1931,  2532-42  (Formation  and 
characterization  of  crysts  of  LA  and  some 
other  initiating  expls)  5)K.S. Warren,  PATR 
1152  (1942),  "Study  of  the  Action  of  Lead 
Azide  on  Copper”  6)J. Fleischer  & J.B. 

Buttle,  USP  2,421,778  (1947)  "Initiating 
Explosives”  7)Wm. H. Rink en bach  & A.J. 

Clear,  PATR  Rev  1(1950),  "Standard  Labo- 
ratory Procedures  for  Sensitivity,  Brisance 
and  Stability  of  Explosives”  8)U.S. Military 
Specification  MIL-L-3055,  Amend  1(1952) 
(Requirements  and  tests  for  dextrinated  lead 
azide)  9) j- Bernstein,  GLR  51-HI-2332,  Pic 

Arsn  (1952)  "Hygroscopicity  of  Dextrinated 
Lead  Azide”  10)J.W.Lavitt,  PATR  1957 
(1953).  "An  Improved  Microscopic  Method  for 
the  Determination  of  the  Crystal  Size  Dis- 
tribution of  '2-Micron’  RDX"  il)F.P. 
Bowden  & K. Singh,  Nature  172,  378(1953) 
(Size  effects  in  the  initiation  and  growth  of 
explosives)  12)J.W.C.Taylor,  A. T. Thomas 
& K.J. Holloway,  ERDE  (Explosives  Research 
& Development  Establishment)  Rept  No  17/R/ 
53(1953)  (Manuf  of  RD-1333  LA)  (Conf)  13) 
M. Falcione,  GLR  54-HI-1354,  PicArsn  (1954) 
"Hygroscopicity  of  Dextrinated  Lead  Azide” 
14)D. E.Seeger,  PATR  2198(1955),  "Develop- 
ment of  the  M47  (T32E1)  Detonator”  15) 
Armour  Research  Foundation,  Contract  No 
DAI-11-022-ORD-(P)-18,  Rept  No  6,  25  Apr 
1956(Crystaliographic  props  of  primary  expls) 
16)B.  Furini,  Jr,  EPR  (Eastern  Process  Rept)- 
220,  No  10,  Serial  No  30,  E.I.  du  Pont  de 
Nemours  & Co  (1956),  "Special  RD-1333  Lead 
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Azide  for  Picatinny  Arsenal’*  (Conf)  17) 
K.J. Holloway,  G.W.C. Taylor  & A. T. Thomas, 
ERDE  Rept  No  10/R/57(1957)  (Prepn  and 
props  of  exptl  dextrinated  LA  RD-1352) 
(Conf)  18)T.W.Stevens,  PicArsn  Expis 
DevelSection  Rept  No  8 (1957)  (Storage 
stability  tests  of  colloidal  LA  for  use  in  low 
energy  electric  detonators)  19)Purchase 
Description  X-PA-PD-1217(1957)  (Tentative 
spec  for  Type  I and  Type  II  LA’s  used  in  the 
US  for  military  purposes)  20)K.  J.Holloway, 
G.W.C. Taylor  & A.T. Thomas,  ERDE  Rept 
No  7/R/58(1958)  (Prepn  and  props  of  RD- 
1343  lead  azide)  21)R.L. Wagner,  PicArsn 

EDS  Rept  No  18(1958),  ' 'Investigation  of 
RD-1333  Lead  Azide  for  Use  in  Detonators” 
(Conf)  22)R.L. Wagner,  K.G.Sheffield  & 
D.E.Seeger,PicArsn  EDS  Rept  No  57(1959), 
"Investigation  of  British  Service  Lead 
Azide.”  23)R.L. Wagner,  K.G.Sheffield  & 

D. E.Seeger,  PicArsn  EDS  Rept  No  60  (1959) 
"Investigation  of  Polyvinyl  Alcohol  Lead 
Azide  for  Use  in  Detonators”  24)R.L. 
Wagner,  PATR  2662(1960),  "Lead  Azide, 

Its  Properties  and  Use  in  Detonators” 


LEAD  AZIDE  PLANT,  ANALYTICAL  PRO- 
CEDURES. The  lead  azide  plant  of  the 
Kankakee  Ordnance  Works  (KOW),  Joliet, 
Illinois,  operated  by  the  US  Rubber  Co  manufd 
dextrinated  crystalline  LA  from  N a azide  and 
Pb  nitrate  in  presence  of  dextrin.  Na  azide 
also  was  manufd  at  KOW;  the  analytical  pro- 
cedures are  described  under  Sodium  Azide, 
Analytical  Procedures 

Most  of  the  procedures  (unless  otherwise 
stated)  described  below  were  taken  from  the 
"Lead  Azide  Laboratory  Manual”  (Ref  9) 
with  grateful  acknowledgment  to  the  US 
Rubber  Co 

The  procedures  given  below  include  not 
only  the  analysis  of  LA, but  also  analyses  of 
primary  materials  used  in  the  manuf  of  LA, 
as  well  as  various  solns,  wastes,  etc. 
l)Lead  Nitrate,  intended  for  use  in  the  manuf 
of  LA  is  a commercial,  specially  washed 


product,  which  has  to  comply  with  the  re- 
quirements of  the  US  Military  Spec  MIL-L- 
20549,  which  are:  a)Color-white,  b)Moisture  - 
1.25/5  (max),  c)Purity  98.0%  rain  (calcd  on 
the  basis  of  the  material  as  received),  d) 
Water- insoluble  matter  — 0.20%(max),  e) 
Acidity  0.50%  max  (calcd  as  HNOj),  f)Copper— 
none 

Procedures: 

a) ColoT  — by  visual  examination 

b) Moisture . Accurately  weigh  approximately 
lOg  in  a tared  glass- stoppered  dish,  remove 
the  stopper  and  heat  the  dish  for  5 hrs  at 
125°.  Cool  in  a desiccator,  stopper  and  re- 
weigh 


% Moisture  “ 


Loss  of  wt 
Wt  of  sample 


x 100 


c) Purity . Transfer  ao  accurately  weighed 
sample  (ca  lg)to  a 250  ml  beaker  and  dis- 
solve in  100  ml  distd  w.  Add  dropwise  10ml 
of  satd  Na  sulfate  soln  contg  5%  of  sulfuric 
acid.  Catch  the  ppt  on  a tared  Gooch  or 
Selas  No  2001  crucible,  wash  with  a 1%  sul- 
furic acid  soln  and  then  with  50%  ale.  Heat 
the  crucible  and  contents  in  a muffle  furnace 
to  const  wt,  cool  in  a desiccator  and  weigh 

Wt  of  PbS04  x 1.0922 
%Pb(NO.),  ■ w7of~sample  * 100 

Note:  When  using  a Selas  crucible,  it  is  im- 
portant to  have  it  properly  cleaned  after  each 
test.  For  this  remove  as  much  ppt  as  possible 
by  inverting  the  crucible  and  tapping  lightly, 
but  do  not  use  a glass  or  metal  rod  to  pry  the 
ppt.  Convert  the  remaining  sulfate  to  chloride 
by  immersing  the  crucible  in  hot  1:1  HC1; 
wash  it  with  hot  distd  w,  employing  both 
straight  and  reverse  washings;  dry  thoroughly 
in  oven  and  weigh  to  const  wt.  Repeat  the 
operations  until  two  successive  washings 
agree  within  at  least  0.005  g 

d) Water-insolubIe  matter . Dissolve  a 25 g 
sample  (weighed  on  a trip  balance)  by  heating 
it  in  a 500  ml  beaker  with  250  ml  distd  w. 
Filter  the  hot  soln  through  a tared  Gooch  or 
Selas  No  2001  crucible  and  wash  the  residue 
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thoroughly  with  hot  distd  w.  Dry  the  crucible 
at  10UC  for  2 hrs,  cool  in  a desiccator  and 
weigh 

R WIM  - §ain  in  Wt  x 100 
Wt  of  sample 


Note:  For  cleaning  the  Selas  crucible  after 

this  test  use  reverse  washings  wirh  a hot 


acid  (except  hydrofluoric))  followed  by  hot 
distd  w until  two  successive  weighings  of 
dried  crucible  agree  within  at  least  0.0005  g 
e)Acidity,  Dissolve  a 25  g sample  (weighed 


on  a trip  balance)  in  500  ml  distd  w,  add  a 


few  drops  of  methyl  orange  indicator  and 
n tw  w„nu  Mt„  M .^aa: « 


A. 


point 


Procedures: 

a)Soiubiiity  in  'Hater.  Agitate  mechanically 
for  1 hr  at  2-4°  a 20  g sample  in  1 1 distd  w 


t-u. 

aliening  Lin 


30  mins,  decant  and  filter  about  150  ml  of 
supernatant  liquid.  Pipette  100  ml  of  clear 
liq  to  a tared  150  ml  beaker  and  evaporate 
to  dryness  over  steam.  Dry  for  2 hrs  in  an 
oven  at  100w,  cool  in  a desiccator  and  weigh 


c~i..  ^ /7  _ w i/\ 

K*j±y  g/  i - vj din  xn  wi  a x\j 

b)lnsolubility  in  Water.  Dissolve  in  hot  w 
a 5 g sample,  digest  it  on  a steam  bath  for 
1 hr  and  filter  while  hot  through  a tared 
Gooch  crucible,  cbe  crucible  wirli  Hot 

w,  dry  for  2 hrs  at  100°,  cool  and  weigh 


% Acidity  as  HNO,“ 


0.063  x«x  mi  of  NaOH 
Wt  of  sample 


x 100 


% Insol 


(Gain  in  wt)  x 1QQ 
5 


f)Copper.  Dissolve  a 100  g sample  (weighed 

on  a ciip  balance)  ni  distu  w and  ppc  all  lead 
as  sulfate  by  slowly  adding  a satd  aq  soln  of 
Na  sulfate  contg  5%  sulfuric  acid.  Filter 
through  a filter  paper,  catching  the  filtrate  in 
a Nessler  tube.  Add  NH4OH  until  alkaline 
and  note  if  any  Cu  is  present  as  indicated  by 
the  appearance  of  a blue  color 


Note:  A more  sensitive  test  for  Cu  is  the 
addn  of  a few  drops  of  a dil  poln  of  K4Fe 


(l>in)6  to  tne  sugnuy  aCidiC  nitrate,  n feu- 
dish- brown  color  due  to  CuFe(CN)e  indi- 
cates the  Dresence  of  Cu 


II)  Dextrin.  There  seems  to  be  no  US  military 
spec  -Oz  potato  — ertrin  used  in  o f ]_A, 

but  there  is  Spec  MLL-D-3994  covering  the 
requirements  of  corn  dexrrin  for  use  in  pyro- 
technic mixts 

The  following  tentative  specs  were  pro- 
posed by  the  Eastern  Laboratories  of  the  E.I. 
du  Pont  Co  (Ref  9»  p 24)  for  yel  potato  dex- 
trin suitable  in  manuf  of  ’Mevtrinated  l.A”: 
a)Soly  in  w at  2-4°  -10  g/l(min)  b)Insolubility 
in  w at  90°  -0.3%(max)  c)Starch  — present  or 
absent  (see  Note  below)  d)Acceptance-  after 
plant  trial  prepn  of  LA 


c)Starch.  Dissolve  a 5 g sample  in  50  ml 

hut  w aiia  add  au~i  excess  a£  N/iu  iodine  soln 

[previously  prepd  by  dissolving  12.692  g 
crvst  iodine  in  25  ml  of  soln  rontp  15  p 1C  I 

~ * — — - ~ p --  o — 

(free  from  iodate)  in  w and  diluting  to  1 1 
with  distd  w].  Blue  color  is  produced  if 
starch  is  present 


Note:  The  color  obtained  should  be  recorded, 
as  it  is  a definite  clue  to  the  eorapn  of  the 
dextrin  sample.  The  iodine  test  can  indi- 
cate the  extent  of  hydrolysis  dextrin  has  gone 
through,  and  the  soly  characteristics  of  the 
dextrin 


d)Acceptance,  Prepare  in  the  lab  a sample 

r\{  1 A at,  A„r.~~;U„A  lx*.  T ~1 n> 


aration  of  Lead  Azide,  using  the  dextrin  under 
test.  See  if  the  resulting  LA  meets  the  re- 
quirements of  military  specs 


Note:  Requirements  of  MIL-D-3994  for  com 
starch  used  in  pyrotechnic  mixts  are  more 
numerous  and  include:  a)Granulation  - not 
less  than  99.5%  must  pass  a No  80  US  Std 
sieve,  b)Water,  uncombined  — not  more  than 


insoluble  material  — not  more  than  2.5%,  e) 
Acidity  as  AcOH  — not  more  than  0.18%  and 
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f) Reducing  sugars,  as  dextrose  — not  more 
than  4.0% 

ll|)Leod  Nitrate  Dilution  Tank.  According 
to  Ref  y,  p 43*  a basic  unit  at  KOw  consisted 
of  a 1000  liter  batch  composed  of  163  lb  (ca 

"7^  Q Iro’l  PK  nirrafp  O IK  rlprrrin  A flR  L r 

* <SW  ^ "£>/  “ " 

and  sufficient  amt  of  NaOH  to  raise  pH  to 
4. 6-4. 8 (each  lOg  NaOH  raises  pH  about 
0.1).  Sodium  hydroxide  was  USP  or  CP 
grade  pellets  or  flakes  and  it  was  not  re- 
quired to  analyze  it.  The  Pb(NOs)a  content 
in  the  tank  was  73.25±0.75  g/1 
A 6 oz  sample  was  taken  by  the  operators 
after  each  batch  was  made  and  analyzed  in 
the  lab  as  follows 

a)De  terminal  ion  Lead  Nitrate  Content:  Method 
/.  Pipette  5 ml  sample  into  a 400  rol  beaker 
contg  130  ml  distd  w and  20  ml  acetate  buffer 
soln  (previously  prepd  by  mixing  200  ml  50% 
CHSCOONH«  soln  with  800  ml  1:4-01, COOH/ 
HjO).  Add  drop  wise  5 ml  of  10%  KjOjO, 
soui  aiia  oun  an  not  piaie  untu  cue  coior  or 
soln  becomes  orange.  Remove  from  heat  and 

let  srttl p.  Filter  thrnueh  Nr*  ifl  nanpr  and 

0— *-  l 1 

wash  the  ppt  with  hot  w until  wash  w becomes 
colorless 

The  following  reactions  took  place: 

Pb(NO,)a  + 2CH,COO-NH4->(CHsCOO)JPb 

+ 2NH4N03 

2(CHjCOO)2Pb  + KaCra07  + H20  -* 

2PbCr04  + 2CH3COOK+  2CH,COOH 


Discard  the  filtrate  and  transfer  the  ppt 
quantitatively  to  an  iodine  reaction  flask  by 
successive  washings  with  3NHC1  and  hot  w. 
Cool,  add  10  ml  of  10%  K1  soin  and  titrate 
with  N/10  NajSjO,  soln  until  near  discolora- 


tinue  titration  to  greenish  coloration 
Following  reactions  take  place: 
2PbCr04  + 6KI  + 16HC1  -►  2PbCla 

+ 2 CrCl,  + 6KC1  + 8^0  + 31a 


3I2  + 6Na2SaOs  - 6NaI  + 3NaaS406 


Pb(NO,)a  g/1  ■ (ml  Na1SaO,)xNx  F,  where 
F is  the  factor  calcd  from  the  formula: 


Pb(NO))a  1000 
3000  5 


2 A 2 . 7 ~ . 

is /Lsvttzr  mifiuLiur*  ksj 


Method  II.  Pipette  25  ml  sample  in  400  ml 
beaker.  Add  50  ml  distd  w and  4-5  drops  of 


methyl  red  indicator.  If  the  soln  is  alkaline, 
neutralize  it  with  N/10  HNOs.  Titrate  with 
std  Na  sulfite  soln  (prepd  by  dissolving  18g 
of  CP  anhyd  NaaSO,  in  a mixt  of  900  ml 
distd  w and  100  mi  methanol  or  ethanoi  and 
stored  in  the  dark)  to  faint,  but  definite  yel 

irtt  Tk  a frtrmt  n r>  *4  ItPf  n i"r  f Ka 

a MW  Tf  »*  V St  VMS 

titration  is  an  aid  in  observing  the  end-point 


ml  Na23G,  x 1000  * F 
ml  sample 

where  F represents  grams  of  Pb(NOs)a  cor- 
responding to  ml  of  std  NaaSO,  soln.  The  stdzn 
xt..  cn l-  : - i *_j  _l_ 

v/l  OV1U  40  L\/11UUL  LCU  4.11  U1C  ddfllC 

manner,  using  1.8  g of  CP  lead  nitrate  weighed 
to  the  nearest  me 

c)De termination  of  pH  by  Bromcresol  Green. 
Place  10.0  ml  sample  in  a test  tube  and  add 
1.0  ml  of  0.04%  brom  cresol  green  indicator 
(prepd  by  dissolving  100  mg  powdered  indi- 
cator in  2.9  nii  N/20  NaOH  and  diluting  to 
250  ml  with  distd  w).  After  shaking  the  mixt 

if  r ^0  !o^  nrifk  g in  fji* 

LaMotte  comparator.  With  brom  cresol  green, 
the  pH  should  be  5.2  to  5.4 

Note:  More  exact  control  of  dtre  can  be 
achieved  by  using  a pH  meter,  such  as  The 
Coleman  Industrial  Tester  No  15 


Pb(NOj)2  g/1 


I V\ A.  i : j 

' ' / ■—  w ..........  •••I—  A. 

the  Sodium  Azide  Plant  (qv)  and  transfered 
to  the  Lead  Azide  Plant 

According  to  Ref  9,  p 37,  the  capacity  of 
the  basic  unit  at  KOW  was  900-950  lbs  of 
soln  with  the  following  average  analysis: 
NaN,  320  g/1,  NaOH  1-7  g/1,  Na^COj  0.01- 

0.05%  «iiiu  Iivi  (lusoi  matter)  <0.008% 

An  8 oz  sample  was  taken  by  the  operator 


while  the  soln  was  in  the  "refined  scale 
tank"  and  brought  to  the  lab.  After  detg  the 
sp  gr  of  the  soln  by  means  of  a 1. 1-1.2  hydro- 
meter, the  following  determinations  were  made: 
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a)Determination  of  NaNt  Content.  Assemble 
the  apparatus  consisting  of  "gas  evolution 
flask"  [Pyrex  Erlen  flask  ca  130  mm  high 
and  ca  68  mm  diam,  std  taper  29/42  with 
hollow  stopper,  having  inside  permanently 
attached  in  the  center  of  bottom,  a cylindrical 
vial,  25  mm  diam  and  30  mm  high;  a "gas 
measuring  burette"  100  ml  capacity  provided 
with  a bulb  and  a levelling  bulb  (reservoir)] 
Prepare  an  aliquot  by  pipetting  20  ml  of 
liquor  into  1000  ml  volumetric  flask,  diluting 
to  the  mark  with  distd  w and  shaking  the 
flask.  Pipette  exactly  20  ml  of  this  soln  into 
the  inside  of  the  Erlen  flask  surrounding 
the  vial  ("outer  space")  and  exactly  5 ml 
of  43%  ceric  ammonium  nitrate  soln  into  the 
vial  ("inner  space").  Connect  the  Erlen  flask 
to  the  gas  measuring  burette  filled  with  w 
(satd  with  N2&C02)and  let  stand  for  10  mins. 
Remove  burette  stopcock  for  10  secs,  in  order 
to  equalize  the  pressure  inside  and  outside  the 
reaction  chamber.  Raise  levelling  bulb  until  just 
above  level  of  stopcock  hole.  When  burette 
is  full  of  w and  it  begins  to  seep  into  stop- 
cock chamber,  replace  the  stopcock  and  the 
levelling  bulb.  Open  stopcock  and  if  there 
are  any  bubbles  in  top  of  gas  burette,  repeat 
the  previous  operation.  Loosen  the  evoin 
flask  from  the  clamp  and  shake,  gently  at 
first.  Replace  flask  in  clamp  and  after  al- 
lowing to  stand  for  10  mins  level  the  water 
in  the  bulb  with  that  in  the  gas  burette  and 
take  reading.  Note  temp  of  burette  jacket  and 
of  const  temp  bath  and  correct  barometric 
press  to  0° 


A=  NaN,  g/1  = 0.63639*  Vx 


100  (P-W) 
100  + 0. 366 1° 


V - is  observed  vol  of  Na,  P - corrected  press 
in  mm,  W - vap  press  of  w at  observed  temp 
t°  in  °C.  The  value  0.63639  is  obtained  from 
the  formula 


/ 2NaN, 

\ 3N, 


1000 

x x 

4 


1.25057 


760.0, 


where  1.25057  g/liter  is  density  of  Na  at  std 
conditions 

Note:  If  NaaC03  is  present  as  an  impurity,  the 
value  V includes  COa  because  ceric  ammonium 


nitrate,  being  si  acidic  reacts  with  carbonates 
liberating  C02 

b & c)Determination  of  NaOH  and  Na2C03 
Contents  by  a modification  of  the  method 
described  in  vol  2,  p 514  of  "A  Manual  for 
Explosives  Laboratory,"  Lefax,  Philadelphia 
1943) 

Procedure:  Pipette  a 10  ml  sample  into  a 
250  ml  Erlen,  dil  with  ca  100  ml  COa-free 
distd  w,  add  1 drop  of  phpht  indicator  and 
titrate  with  N/10  std  sulfuric  acid  just  to 
the  disappearance  of  pink  color.  This  occurs 
when  all  NaOH  is  neutralized  and  the  car- 
bonate has  been  converted  to  bicarbonate. 

Take  the  burette  reading  as  R,.  Add  5 drops 
of  methyl-yellow  indicator  and  titrate  to  the 
first  slight  indication  of  change  of  color 
from  yel  to  reddish.  This  occurs  when  all 
bicarbonate  is  converted  to  sulfate.  Take  the 
burette  reading  as  R2 
Calculations: 

% Total  alkalinity  as  NaOH  = 

R2  x N of  acid  x 0.0401  x 100 

Wt  of  sample  in  aliquot 
As  the  reading  (Ra-Rj)  corresponds  to  bi- 
carbonate obtained  by  conversion  of  carbonate, 
the  amt  corresponding  to  Na  carbonate  must 
be  2(R2-R1)  ml 

C - % Na^COj  - 2(R3-K,)*N  of  and x 0.05^X100 
Wt  of  sample  in  aliquot 
As  the  reading  R2  corresponds  to  NaOH 
plus  bicarbonate,  the  amt  corresponding  to 
NaOH  must  be;  R,  - (Ra-R,)  - (2R,-Ra)  ml 
and  (2R1-R2)xN  of  acid  x 0.0401  x 100 

13  ° 

Wt  of  sample  in  aliquot 

Note:  It  was  mentioned  in  the  previous  proced 
that  the  value  V includes  C02.  For  calcn  of 
actual  % NaNj,  the  formula 

A 

-C  x 0.6134  is  given 

10  x (sp  gr  of  soln) 

in  Ref  9,  p 37.  As  the  amt  of  Na2COj  in  refined 
NaNj  liquor  is  only  ca  0.05%,  it  is  sufficient 
to  calc  Vo  NaNj  from  the  formula 
A 

10  x (sp  gr  of  soln) 

d)\nsoluble  Matter  (IM)  in  Composite.  Pipette 
a 25  ml  sample  into  a bottle  contg  several 
other  samples  of  refined  liquor.  Shake  the 
composite,  det  its  sp  gr  by  a 1.1  to  1.2 
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hydrometer.  Filter  100  ml  of  composite 
through  a tared  No  2001  Selas  porcelain 
crucible.  Wash  the  crucible  with  several 
portions  distd  w,  heat  at  100°  for  2hrs.  cool 
in  a desiccator  for  30  mins  and  weigh 

%]M„  Wt  of  IN  x lOQ 
100  x sp  gr 

Y)Sodium  Azide  Feed  Tank.  Soln  in  this  tank 
was  pumped  from  the  "refined  storage"  tank 
(see  IV).  The  basic  unit  consisted  at  KOW 
(Ref  9,  p 39)  of  825  1 of  soln.  The  concns  of 
NaN,,  NaOH  and  NaaCO,  were  the  same  as 
in  the  "refined  storage"  tank.  Analytical  pro- 
cedures were  the  same  as  in  IV,  except  that 
no  Na,COj  and  IM  detns  were  made 

VI) Sodium  Azide  Dilution  Tank.  The  basic 
unit  of  KOW(Ref  9,  p 40)  consisted  of  1000  1 
soln  of  31*75  kg  NaN,  and  794  g NaOH.Spec- 
ifi cations:  NaN,  31*75  ± 0.25  g/1,  NaOH 
0.794  g/1  (approx)  and  NaN, /NaOH  40.0+0.5* 
An  8 oz  sample  is  taken  by  sampler  for  the 
following  determinations: 

a) Determination  of  NaNt  Content  — same  as 
proc  (a)  under  IV 

b) De termination  of  NaOH  Content.  Fill  a 
100  ml  vol  flask  with  sample  and  transfer  it 
quantitatively  to  a 500  ml  Erin  flask.  Titrate 
with  N/10  sulfuric  acid  using  phpht  as  in- 
dicator 

NaOH  g/1  - Cml  H»S0*>  * N x 40m 

100 

where  N is  normality  of  H,S04  and  40.01  is 
equiv  wt  of  NaOH 

Note:  Calculations  used  in  making  sodium 
azide  dilutions  are  discussed  in  Ref  9S  PP 
41-2 

VII) Lead  Azide  by  Military  Specification 
Methods.  US  Govt  Spec  MIL-L-3055  issued 

in  1949  was  revised  in  1952  and  then  replaced 
in  1957  by  the  Purchase  Description  X-PA- 
PD-1217,  which  was  issued  only  for  use 
pending  final  revision  of  MIL-L-3055,  which 
has  not  yet  been  made  at  this  time  (I960) 

The  original  MIL-L-3055  deals  only  with 
one  type  of  LA-crystalline  and  lists  the 


following  requirements:  a)Color  — wh  to 
buff,  b)Form  — aggregates  free  from  needle- 
shaped  crysts  having  a max  dimension  of 
0.1  mm,c)LA  content  — 91-5 % (minim)  d) 
Total  lead  68.50  to  71.15%,  e)Acidity  — 
none,  f)Solubility  in  water  — 1.0%  (max),  g) 
Sand  test  - when  0.15  g LA  is  used  to  ini- 
tiate 0.40  g of  tetryl  in  the  test,  not  less 
than  45  g of  sand  shall  be  crushed 

The  X-PA-PD-1217  deals  with  two  types 
of  LA:  Type  I (crystalline)  and  Type  II 
(colloidal).  Requirements  for  crystalline  are 
the  same  as  in  MIL-L-3055  whereas  require- 
ments for  colloidal  LA  are:  a)Color  — wh 
to  buff  b)Form  — average  particle  size  shall 
be  not  greater  than  5 microns  and  the  max 
size  of  any  particle  shall  be  10  microns  c) 
LA  Content  — 99.0%  (minim) 

Following  tests  are  taken  mostly  from  MIL- 
L-3055  and  X-PA-PD-1217: 

A) Color.  Det  by  visual  examination 

B) Form.  For  Type  I LA:  spread  a thin  layer 
of  crysts  on  a glass  slide,  allow  to  dry  in  the 
air  at  RT  and  examine  under  a microscope 
using  a magnification  150  * (approx).  If 


f:  a NORMA!,  crystals 
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LA  NEEDLE  SHAPED  CRYSTALS 


needle  shaped  crysts  are  present,  measure 
their  max  dimensions.  Type  II  LA:  use  a 
microscope  equipped  with  a Filar  type  micro- 
meter eye-piece  and  such  an  objective  (ap- 
prox 43x)  that  the  total  magnification  of  the 
optical  system  is  approx  550*.  Detailed 
description  of  procedure  is  given  on  pp  7- 
10  of  X-P  A-PD-1217 

Note:  For  the  tests  described  below  use 
samples  previously  dried  in  a vacuum  oven 
at  65°  to  const  wt.  This  requires  ca  3 hrs 
(Never  go  beyond  25  hrs) 

C)LA  Content.  Several  methods  are  known 
of  which  the  following  direct  titration  method 
described  by  J.D.  Hopper  & O.E.  Burton  in 
PATR  255  (1932)  seems  to  be  the  simplest, 
although  it  is  not  as  accurate  as  the  gas- 
o metric  method  used  by  the  US  Ordnance 
Corps 

Procedure , Dissolve  0.25  g sample  in  10  ml 
of  2N  NaOH  soln  and  add  200  ml  of  freshly 
boiled  and  cooled  distd  w.  Neutralize  the 
soln  with  dil  sulfuric  acid  using  litmus  as 
indicator.  Add  (from  a pipette)  exactly  25  ml 


of  0.1N  ceric  sulfate  soln  and  after  allowing 
the  mixt  to  stand  5 mins,  add  from  a burette 
an  excess  of  0.1N  ferrous  ammonium  sulfate 
soln,  recently  standardized  by  0.1N  K per- 
manganate soln, as  evidenced  by  the  disap- 
pearance of  yel  coloration.  Titrate  with  0.  IN 
K permanganate  soln  until  the  appearance  of 
a permanent  faint  pink  coloration.  The  re- 
actions involved  in  the  analysis  are: 

Pb(N,)j  + 2NaOH  - 2NaN,  + Pb(OH), 

2NaOH(excess)  + HaS04-»  NajSO,  + 2HaO 

2NaN3  + HjS04  -»  Na2S04  + 2HN, 

2HNj  + 2Ce(S04)a  - 3Na  + Cea(S04),  + HaS04 

2Ce(S04)a  (excess)  + 2(NH4)a  Fe(S04)a  -* 
Cea(S04)j  + FeJ(S04)J  + 2(NH4)a  S04 

10(NH4)a  Fe(S04)a(excess)  + 2KMn04 
+ 811,50,  KaS04  + 10(NH4)2  S04 
+ 2MnS04  + 5Fea(S04)s  + 8^0 

Due  to  the  fact  that  doubts  have  been  ex- 
pressed concerning  the  validity  of  the  values 
obtained  from  the  assay  of  the  gasometric 
method  of  analy sis,Croom  & Pristera  of  Pic 
Arsn  (Ref  15)  investigated  this  method.  They 
also  studied  the  US  Navy  distillation* titration 
method  and  the  British  direct  titration  method 
not  only  from  the  point  of  view  of  their  pre- 
cision but  also  of  their  applicability  to  LA’s 
contg  additives,  inorganic  (Pb  carbonate  in 
Brit  "Service"  LA)  or  organic  (dextrin,  PVA, 
etc) 

a)USOrdnance  Corps  Gasometric  Method, 
known  also  as  the  Modified  Nitrogen  Evolution 
Method.  It  was  developed  in  1947  at  PicArsn 
by  F. Pristera  et  al  and  originally  described 
in  ChemLabRept  120347.  It  was  later  in- 
corporated in  the  US  Military  Spec  MIL-L- 
3055(1950)  and  then  in  the  Purchase  Descrip- 
tion X-P  A-PD-1217  (1957).  The  previously 
used  method  described  in  the  US  Spec  50-13- 
12  was  not  applicable  to  LA’s  contg  carbonates 
(such  as  the  Brit  "Service"  LA).  Therefore 
the  modified  method  was  developed.  Fol- 
lowing is  its  description 

Apparatus:  Assemble  the  app  as  shown  on  fig 
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and  insert  the  burette  contg  distd  w satd  with 
nitrogen  into  one  hole  in  the  rubber  stopper 
of  the  reaction  flask.  Add  90  ml  of  10%  NaOH 
soln  satd  with  nitrogen  to  the  125  ml  carbon 
dioxide  absorption  flask.  Fill  the  gas  burette 
and  levelling  bulb  with  a 0.1%  soln  of 
"Nacconol”  (or  other  approved  org  detergent) 
satd  with  nitrogen.  Control  the  temp  of  the 
system  by  circulating  water  by  means  of  a 
pump  betw  the  water-reservoir  which  serves 
as  a jacket  for  the  reaction  flask  and  the 
glass  jacket  of  the  gas  burette 


Procedure . Place  a part  of  a wet  sample  in 
a tared  Buchner  funnel.  Remove  the  bulk  of 
liquid  by  suction  and  the  rest  by  air-drying 
followed  by  heating  in  a vacuum  oven  at 
65°  to  const  wt  (requires  3 or  more  hrs,  but 
not  more  than  25  hrs).  Transfer  from  the 
funnel  an  accurately  weighed  portion  of  dried 
LA  (ca  1.7g)  to  a glass  vial  shown  on  fig. 

Add  3 ml  of  distd  w to  the  vial  and  place  it 
erect  in  the  reaction  flask  contg  75  ml  of 
15%  ceric  ammonium  nitrate  soln  satd  with 
nitrogen  and  containing  ca  2 ml  of  50%  aq 
soln  of  Dow  Corning  Antifoam  AFEmulsion. 
Connect  the  reaction  flask  to  the  apparatus, 
taking  care  not  to  upset  the  vial  contg  the 


sample.  In  order  to  insure  that  the  reaction 
and  absorption  flasks  are  connected  to  the 
apparatus  without  air  leaks,  apply  a coat  of 
molten  paraffin  wax  to  all  rubber-to-glass 
joints.  Open  stopcocks  1 and  2 to  the  at- 
mosphere by  adjusting  them  as  shown  by 
position  A on  fig.  Adjust  the  water  level  in 
the  gas  burette  to  zero  with  the  aid  of  the 
levelling  bulb  and  after  waiting  10  mins  to 
allow  the  system  to  come  to  temp  equilibrium, 
read  the  thermometer  in  the  water  jacket  to 
0.1°.  Turn  stopcocks  1 and  2 to  position  B 
and  shake  the  reaction  flask  so  that  the  vial 
inside  of  it  is  upset  and  assumes  a horizontal 
position,  thus  allowing  the  sample  to  react 
with  ceric  ammonium  nitrate,  also  called 
ammonium  hexanitrocerate: 

Pb(Nj),  + 2(NH4)j  Ce(NO})4  -+  3Na  + 2Ce(NOJ)s 
+ 4NH4NOs  + Pb(NOs)a 

Note:  If  a carbonate  is  present,  it  would  react 
with  Amm  hexanitrocerate  (in  acid  medium) 
with  formation  of  C0a.  If  this  gas  was  al- 
lowed to  go  to  the  measuring  burette  the  re- 
sults for  LA  content  will  be  too  high.  In  order 
to, remove  COa  from  the  gas  mixt,  a flask 
contg  NaOH  soln  ("caustic  trap”)  is  inserted 
between  the  reaction  flask  and  the  burette 
(see  fig).  As  the  gas  is  evolved  from  the  re- 
action flask,  lower  the  levelling  bulb  so  that 
the  liquid  level  in  the  bulb  is  si  below  that 
in  the  gas  burette.  Occasionally  gently 
agitate  the  reaction  flask  to  aid  in  completing 
the  decompn  of  LA.  As  soon  as  the  evolo  of 
gas  ceases,  add  to  the  flask  (if  necessary)  a 
measured  amt  of  w from  the  50  ml  burette 
until  the  water  level  in  the  burette  will  be 
between  450  and  500  ml  divisions  of  the 
burette.  Allow  the  temp  of  the  system  to  ad- 
just itself  to  within  0.1°  of  its  temp  at  the 
beginning  of  the-  detn  and  then  measure  the 
vol  of  gas  at  the  existing  atm  press,  detd  to 
the  nearest  0.1  mm  Hg  with  the  aid  of  a 
mercurial  barometer  having  a brass  scale. 
Correct  the  observed  reading  to  0° 

* LA  - Q-1558  x (A-B)  x (C-D)  , where 
(273  + t)  x W 
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A ■ ml  of  gas  measured  in  gas  burette,  B = 
mi  of  w added  to  reaction  flask  from  burette, 

C “ atm  press  in  mm  Hg,  D=  vapor  press  of 
ill  iuiTi  sr  temp  r,  i a ternp  of  w in  the 
jacket  surrounding  gas  burette,  W = wt  of  dry 
sample  in  grams 

Note : For  routine  plant  analysis  at  KOW,  detn 
of  LA  content  was  done  bv  the  odsometric 

.... _ ...  _ / C3 

method  similar  to  detn  of  NaN*  content  de- 
scribed under  IV  Refined  Sodium  Azide 
Liquor,  Ref  9,  pp  40  & 53a.  This  method  was 
simpler  and  more  rapid  although  probably 
not  as  accurate  as  the  Ordnance  Corps  method 


b)US  Navy  Distillation — Titration  Method, 
known  also  as  NOL  Method  was  developed 
at  the  NavalOrdnLab  and  described  in  Ref 

■»t%  - j _ r - i a -- : -u  j:i  t 
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furic  to  produce  vol  atile  hydrazoic  acid.  This 
was  distilled  into  a measured  excess  of  Amm 
hexanitrocerate  and  the  excess  cerate  was 
then  detd  by  titration  with  std  Na  oxalate 
As  this  method  proved  to  be  inaccurate 
for  some  types  of  LA  (see  Discussion,  which 
follows  the  description  ui  methods),  the 
following  modified  version  was  developed 
at  PicAisn  and  descri  bed  in  Ref  14,  nr>  S-6 
and  Ref  15,  pp  5-6 


Afyiyarat.tj^  ennsisfs  rtf  a heatin©  mantle,  a 

c c ~ o ■ » 

125  nil  round-bottom  reaction  flask  a three- 
way  side-arm  adapter,  a 50  ml  burette  with 
a No  5 rubber  stopper,  a water-cooled  con- 
denser, a support  with  a clamp,  a curved 
adapter  and  a 125  ml  Erlen  flask,  serving 
as  a receiver.  Std  tapered  ground  glass 

: _ ■ i . j : 1 1 : — n „ r.L 
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side-arm  adapter,  condenser  and  curved 
adapter.  The  three-way  side-arm  adapter  has 
a female  joint, at  its  upper  end, to  which  the 
burette  is  fitted  with  the  No  5 rubber  stopper. 
A thin  film  of  silicone  grease  may  be  applied 
to  ground-glass  joints 


Procedure.  Air-dry  a portion  of  the  sample 

in  a Buchner  funnel  and  then  heat  in  a vac- 
c<;  --  /mo  z i i 

UUlll  UYCIl  dL  J J IU  UV  LUi  J wio  VI  i. 

wt  is  obtained.  Transfer  an  accurately  weighed 
portion  of  from  2 to  3 milli-equivalents 
(0.2991  to  0.4366  g)  of  the  dried  sample  to  a 


small  porcelain  (or  glass)  crucible  and 
cover  the  sample  with  w.  Add  to  the  reaction 
flask  a small  amt  of  50%  Dow  Corning 

A p m ijl  emrt  o nfj  pi^CC  j})*  CTilclbls 

in  the  flask,  using  rubber-tipped  tweezers. 
Connect  the  ground  glass  joints  of  the  ap- 
paratus and  insert  in  the  upper  end  of  the 
three-way  adapter  a 50  ml  burette,  using  a 
No  5 rubber  stopper.  Fill  this  burette  with 
3N  perchloric  acid  and  place  40-50  ml  (ac- 
CUiaiciy  fliCaSUicu}  of  G.1N  Aiimi  hexauitru- 
cerate  in  the  Erlen  flask.  Arrange  this  flask 
in  such  a position  that  the  adapter  from  the 
condenser  extends  below  the  surface  of  liq. 
After  checking  all  the  joints  for  tightness, 
run  the  perchloric  acid  from  the  burette  to 
the  reaction  flask  and  close  the  stopcock  of 
burette.  Heat  the  flask  for  about  12  mins  to 


distil  off  hydrazoic  acid  formed  as  result 


dl/m  \ 


DU/rin  \ 


014  M 
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The  acid  reacts  with  Amm  hexanitrocerate 
in  the  Erlen  flask  as  follows:  2HN,  + 
2(NH4)2Ce(N03)6  3N2  + 2Ce(N03)3  + 2HN03 

+ 4NH4NOj.  Disconnect  the  adapter  and  rinse 
it  by  a stream  of  distd  w into  Erlen  flask, 
add  1 drop  of  0, 25M  5-nitro-l,  10-phenanthro- 
iine  (nitroferroin)  and  titrate  the  excess  of 
cerate  with  std  0.1N  Na  oxalate  until  the 
color  changes  froni  red  to  pale  greenis  h blue. 
Make  a blank  detn  on  the  reagents  and  apply 
correction  if  necessary.  Standardize  the 
cerate  by  titrating  40.0  ml  of  soln  with  std 
Na  oxalate  obtained  from  the  NBS  (National 
Bureau  of  Standards) 

x LA  - <A*B)-^-E)»D],*.4-2  , where 
0.2886  x w 


A 0 ml  of  Amm  hexanitrocerate  soln  in  Erlen 
flask,  B = normality,  C H ml  of  Na  oxalate, 

D = its  normality,  E * ml  Na  oxalate  soln 
used  in  blank  detn,  W n wt  of  sample  in  grams 

c)British  Direct  Titration  Method,  known  also 
as  ERDE  (Explosives  Research  and  Develop- 
ment Establishment)  Method , was  described 
111  EUDE  Rc’puri  17/R/53.  ii  Cun- 

sists  of  prepg  a soln  of  the  sample  and  quan- 
titatively pptg  the  azide  with  a known  excess 
of  std  Ag  nitrate  soln.  The  excess  Ag  nitrate 
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is  then  titrated  with  std  thiocyanate  (See 
also  under  Discussion,  which  follows) 

This  method  is  also  described  in  the  Brit 
Spec  IG  237,  a copy  of  which  is  included 
as  Appendix  in  PicArsn,  ExplDevSectn  Rept 

n / 1 Ac  a\  A „ ^ J!  ..  n -L  _ _ n ^ _ L 

jt  -fipjjciiuiA*  vsuid  uin.  tests  ivi 

LA,  described  in  the  same  Spec  include: 
matter  insoluble  in  nitric  acid,  acidity,  mois- 
ture  and  bulk  density 


Discussion,  In  the  opinion  of  Croom  & Pristera 
(Ref  15,  pp  4-5),  although  the  Brit  ERDE 
method  is  applicable  to  all  LA’s  and  is  the 
simplest  (because  it  does  not  require  any 
special  equipment),it  is  undesirable  because 
it  is  very  tedious  and  because  Ag  azide  pptd 
in  the  course  of  analysis  is  a very  sensitive 


ro^f  in  «.  Pot  k 
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2 & 5-6)  is  undesirable  because  it  is  rather 
tedious,  is  inapplicable  to  LA’s  contg  certain 
organic  additives  (such  as  PVA)  and  often 
gives  low  results  with  other  types  of  LA. 

This  inaccuracy  is  probably  due  to  partial 
coating  of  unreacted  LA  with  insol  Pb  sul- 
fate (formed  on  treating  LA  with  ail  sulfuric 
acid),  thus  preventing  this  coated  portion 
from  completely  rcsctin^  witH  sulfuric  bc id = 
Replacement  of  sulfuric  acid  by  perchloric 
acid  as  described  in  the  distillation-titration 
procedure  given  below  gave  satisfactory  re- 
sults 

The  US  Ordnance  Corps  method  (Ref  15,  pp 
3*5  and  Ref  14,  pp  4-5)  requires  a complicated 

j : cr: i - Li^ 
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method  is  used  for  control  work,  these  dis- 
advantages are  encountered  only  on  initial 
installation,  because  the  equipment  can  be 
used  countless  times  without  any  readjust- 
ments or  repairs.  Once  the  equipment  is  as- 
sembled, the  method  enjoys  the  advantage  of 
being  applicable  to  all  types  or  LA.  Also, 
it  has  a shorter  working  time,  eliminates  the 
r,r#»rin  anA  standard!  Nation  nf  reaeents 

* — — r"i — i 

it  uses  a larger  sample  (which  tends  to  re- 
duce any  error  in  weighing  and  also  lessens 
the  possibility  of  obtaining  a non-homogeneous 
sample^  and  it  is  relatively  safe  because  the 
sample  is  placed  under  water  immediately 
after  weighing 


D)Total  Pb  Content  in  LA.  This  test,  not 
required  now  for  the  Army  materials  simple 
and  can  be  used  for  the  detn  of  purity  of  LA 
samples,  if  desired 


Procedure:  Dissolve  with  const  stirring  a 
ca  lg accurately  weighed  sample  (previously 


dried  at  65°  for  3 hrs)  in  50  ml  of  satd  Amm 

n n L ^ i rt  a / Of)  ml  Li  A o lr  ja  r T'Ko 
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principal  reaction  is  probably: 


Pb(N,)a  + 
+ 


2CH3COGNR4  2NH4N, 
(CHjCOO)jPb 


Add  ca  200  ml  distd  w,  heat  to  boiling  and 
while  stirring  rapidly,  add  gradually  10  ml 
of  a 10%  potassium  chromate  so  In: 

(CHsCOO)aPb  + K2Cr04  PbCr04 

+ 2 CHjCOOK 

Digest  on  a steam  bath  for  1 hr  with  fre- 
quent stirring  and  filter  through  a tared  Gooch 
or  Selas  No  2010  crucible.  Wash  the  ppt  of 
PbCr04  in  crucible  with  hot  distd  w,  dry  for 
2 hrs  at  100°,  cool  in  a desiccator  and  weigh 

% pb  - Q- 64109  x Wt  of  ppt  x 100 
Wt  of  sample 

Note:  For  cleaning  the  Selas  crucible,  re- 
move as  much  of  ppt  as  possible  by  inverting 
the  crucible  and  lightly  tapping  the  base  with 
the  fingers.  Dissolve  the  rest  of  ppt  in  warm 
1:  1 HCi  and  wash  the  Crucible  with  hot  diStu 
w,  employing  straight  and  reverse  washings. 

Dry  in  an  oven  until  two  successive  weighings 
agree  within  at  least  0.0005  g 

C\  A I k L..  *1 J 

II  J til  fc-  n U J I 1|^  tflUIBMWI  id  ITI^IIIWU 

(Army).  Mix  the  original  wet  sample  and  trans- 
fer ca  10  g portion  to  a tared  Gooch  or  Selas 
No  2001  crucible.  Wash  with  five  20  ml  portions 
of  cold  (0  to  15°)  distd  w,  which  has  been 
boiled  and  cooled  prior  to  the  test.  Allow  each 
portion  of  w to  remain  in  contact  with  LA  for 
5 mins.  Add  to  the  filtrate  5 drops  of  0.1% 
methyl  orange  indicator  and  note  if  the  sample 
is  free  from  acidity  as  shown  by  the  absence 
of  a red  tinge 


Noie:  For  the  routine  analysis  of  LA  intended 
for  the  Navy  a dried  sample  (calg)is 
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accurately  weighed  in  a tared  Grooch  or 
Selas  crucible  and,  after  subjecting  it  to  the 
same  treatment  as  above,  the  filtrate  is 
tested  for  acidity.  The  crucible,  with  washed 
LA,  is  dried  at  65°  to  const  wt  and  the  loss 
of  wt  gives  the  solubility  of  LA  in  water 
(see  Solubility  in  Water).  The  Navy  test  has 
the  advantage  of  determining  the  acidity  and 
soly  on  the  same  sample.  Its  disadvantage 
seems  to  be  a too  small  sample  (1  g)  to  per- 
mit accurate  detn.  It  probably  would  be  better 
to  use  a larger  sample 

F) Solubility  of  LA  in  Water.  Transfer  ca  5 g 
of  air-dry  sample  to  a tared  filtering  crucible, 
dry  in  a vacuum  oven  at  65°  to  const  wt  (ca 

3 hrs),  cool  in  a desiccator  and  weigh.  Wash 
the  dry  LA  with  five  10  ml  portions  of  distd 
w at  0 to  15°,  allowing  each  portion  to  remain 
in  contact  with  the  sample  for  3 mins.  Re- 
move each  wash  by  suction  and  aspirate  for 
5 mins  after  the  last  wash.  Dry  the  crucible 
at  65°  to  const  wt,  cool  in  a desiccator  and 
reweigh 

% Soly  “ Loss  of  wt  x 1QQ 
Wt  of  sample 

Note:  The  same  method  can  be  used  for  soly 
in  50%  alcohol,  etc 

G) Sand  Test,  used  to  det  initiating  efficiency 
of  LA,  is  conducted  according  to  description 
given  in  Ref  6,  p 5 and  Ref  7,  pp  7-9 

VIII)Moisture  in  Dried  LA.  LA’s  dried  at 
the  Plant  usually  contain  small  amounts  of 
moisture  (0.3*0. 4%).  The  following  two  methods 
for  the  detn  of  this  moisture  were  studied  at 
PicArsn  by  Bernstein  (Ref  8): 
a)Closed  Vessed  Technique . Transfer  care- 
fully by  a wooden  spatula  ca  2 g sample  to 
a tared,  flat  top  Pyrex,  weighing  vessel  ap- 
prox 55  mm  in  diam  and  30  mm  high,  provided 
with  a ground  joint  cap.  Close  the  dish  and 
accurately  weigh  the  ensemble.  Remove  the 
cap  and  heat  the  vessel  in  an  oven  at  65° 
for  1 to  1%  hrs.  Cool  for  20  mins  in  a desic- 
cator over  freshly  prepd  CaCI,,  cap  the 
vessel  and  reweigh 


„ v.  - Loss  in  wt  x 100 

% Moisture  “ 

Wt  of  sample 

b)Open  Vessel  Technique.  The  test  is 
essentially  the  same  as  above  except  that 
an  open  dish,  approx  55  mm  in  diam  and 

30  mm  high  is  used.  The  weighing  operation 
must  be  conducted  as  quickly  as  possible  to 
avoid  absorbtion  of  atm  moisture 
Note:  Investigation  of  the  above  two  methods 
conducted  at  PicArsn  (Ref  8)  have  shown 
that  values  obtained  by  the  “closed  vessel 
technique”  are  on  the  average  0.06%  higher 
(when  tests  are  conducted  at  43-47%  RH) 
then  obtained  by  the  “open  vessel  technique” 

IX)Moi store  in  Wet  LA.  According  to  Ref  9, 
p 54,  LA  manufd  at  the  Kankakee  OW  was 
packed  wet  (contg  22-27%  of  water  or  50% 
ale)  in  cloth  bags,  each  contg  the  equivalent 
of  25  lbs  of  dry  azide.  Five  such  bags  were 
placed  in  a drum  and  surrounded  by  sawdust 
wetted  with  50%  ale.  As  the  azide  was  packed, 
a sample  of  ca  25  g was  taken  from  each 
drum,  placed  in  a tared  A1  dish  and  reweighed. 
After  drying  the  sample  at  65°  for  16  hrs, 
the  ensemble  was  cooled  and  reweighed 

% H 0 - (Loss  in  wt)  x 1QQ 
Wt  of  wet  sample 

Note:  Since  the  azide  had  been  packed  us- 
ually a day  or  more  before  the  moisture  detn 
was  completed,  it  was  necessary  to  calculate 
in  advance  the  wt  of  wet  azide  to  pack  in 
order  that  each  bag  should  contain  25  lbs 
of  dry  LA.  For  this  purpose  it  was  assumed 
that  the  moisutre  content  of  the  lot  (four 
drums)  being  packed  would  be  approx  the 
same  as  the  ave  of  the  ten  preceding  analyzed 
lots.  From  this  ave  value,  the  wt  of  wet 
material  equiv  to  25  lbs  of  dry  LA  was  ealed. 
This  result,  plus  a tare  of  containers  con- 
stitutes the  pack  weight  (Ref  9,  p 54) 

Eg:  If  average  moist  content  of  10  preceding 
lots  was  25.26%  and  tare  of  containers  10  lbs 
6 oz,  the  ave  wt  of  wet  LA  equiv  to  25  lbs 

of  dry  LA  ° iqq^25"2^>  = 33-449  lbs  ” 33  lbs  7oz. 
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This  gives  for  pack  weight  ■ 33  lbs  7 oz 
+ 10  lbs  6 oz  - 43  lbs  13  oz 

X) Moisture  in  Wet  LA  by  Density  Measure* 
ments.  For  rapid  estimation  of  moisture  in 
Nutsch  blends  of  LA  going  into  a drum,  the 
following  procedure  was  used  at  the  Kankakee 
OW 

A wet  sample  was  packed  to  about  % 
capacity  of  a tared  calibrated  125  Erlen  flask 
and  the  ensemble  weighed  on  a trip  balance. 
Water  was  added  to  the  mark  and  the  ensemble 
reweighed.  The  gain  of  wt  in  grams  was 
approx  equal  to  the  vol  in  ml  of  w added  and 
vol  of  wet  LA  was  equal  to  capacity  of 
flask  (ca  125  ml)  minus  vol  of  w add.  By 
dividing  the  wt  of  wet  LA  by  its  vol,  the  den- 
sity was  detd  (Ref  9,  p 55) 

Calculation,  Percentage  of  moisture  in  wet 
LA  may  be  calcd  from  the  formula: 

%H20  **  |^-~j  - ijj  { D- 1 ) x 100,  where 

D “ density  of  dry  sample,  d a density  of  wet 
sample  and  1 ■ density  of  water 

Eg:  If  D “ 4.38  and  d ° 2.18,  then 

• 1,01  x 100  = 29.97c 

3.38 

XI)  Ball  Drop  Test.  In  order  to  det  the  sen- 
sitivity of  LA  to  impact, a composite  sample 
was  taken  from  each  lot  manufd  at  the  Kankakee 
0W,  dried  as  usual  and  subjected  to  the  fol- 
lowing test  described  in  Ref  9,  p 56: 

A steel  ball,  diam  and  weighing  8.33 
was  dropped  from  a height  25"  on  a 0.08" 
layer  of  LA  spread  on  1"  thick  SAE  3260, 
nickel-chrome,  hardened  steel  block  which 
rested  on  a 1)4"  thick  by  12"  diam  cast  iron 
base.  Ten  consecutive  drops  should  produce 
no  detonations  in  a properly  manufd  LA,  but 
when  the  ball  was  dropped  from  the  height  of 
45",  it  should  deton  in  all  trials.  Care  was 
taken  not  to  drop  the  ball  on  the  same  spot 
twice,  as  a pellet  made  by  the  first  drop 
would  usually  fire  if  hit  a second  time.  If 


detonations  occurred  at  25"  drop,  lower 
heights  were  tried  until  no  detons  were  pro- 
duced 

Xll) Ethyl  Alcohol  Solution.  Since  LA  is 
very  sensitive,  it  was  shipped  and  stored  at 
KOW  wet  with  not  less  than  20%  (usually 
25-27%)  of  a 50  + 0.5%  (by  wt)  denatured 
alcohol  (Ref  9,  p 57).  Alcohol  served  as  an 
antifreezing  agent.  The  compn  of  an  ale  soln 
can  be  detd  from  the  table, density  vs  % ale 
after  detg  the  density  by  means  of  a Leach 
pycnometer  standardized  at  25°,  using  the 
following  formula: 

j ^ Wt  of  pycn  with  ale  solo  — Wt  of  pycn  empty 
Vol  of  pycn  at  25° 

Note:  Alcohol  used  at  the  Kankakee  plant 
was  Grade  SD  No  1,  delivered  in  No  50  drums. 
It  contained  5 pans  of  methanol  per  100  parts 
of  ethanol;  No  analysis  is  necessary  because 
ale  is  produced  and  shipped  under  Govt  super- 
vision 

XII!)Killing  Tank  at  KOW  contained,  accord- 
ing to  Ref  9,  p 59,  various  waste  liquids  and 
slurries  in  which  azides  are  likely  to  be  pres- 
ent. When  a sufficient  quantity  of  such  ma- 
terial was  accumulated  (not  less  than  1000 
liters),  the  operator  stirred  the  contents  of 
the  tank  and  took  a 6 oz  sample.  If  a small 
portion  of  the  sample  gave  a positive  test  for 
azides  (a  red  ppt  of  iron  azide  obtained  on 
adding  few  drops  of  1%  feCI3  soln),  a quan- 
titative test  was  conducted  as  follows: 

Determination  of  Azide  as  NaNt.  Pipette  a 
25  ml  portion  of  the  sample  into  a 500  ml 
Erin  flask  and  dil  with  w to  150-200  ml. 
Titrate  with  40%  sulfuric  acid  to  just  to  the 
phpht  end-point,  not  overrunning  it.  Add 
N/10  ceric  sulfate  soln  in  5 ml  portions 
until  the  soln  becomes  deep  yel,  indi- 
cating an  excess  of  ceric  sulfate.  Record 
the  exact  amt  used.  Add  10  ml  of  40%  sul- 
furic acid  and  2 drops  of  o-phenanthroline 
indicator  (prepd  by  dissolving  14.85  g of  o- 
phenanthroline  monohydrate,  C,2HBN2.H20  in 
1 1 of  0.025  M freshly  prepd  ferrous  sulfate 
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soln).  Add  N/10  ferrous  sulfate  soln  to  an 
orange  (or  pink)  end-point  in  order  to  reduce 
the  residual  ceric  sulfate  to  cerous  salt 
The  following  reactions  take  place: 


2 Ce(S04)j  + 2NaNs-*2Nj  + Na2S04  + Ce2(S04)s 


2 Ce(S04)2  + 2 FeS04^  Fe2(S04),  + Ce2(S04)3 
Calculation: 

(FeS04  equivalent  of  \ 

CeS04  used,  ml  J 

NaNj  x N of  FeS04 


NaN,  g/1 
— (FeS04  used,  ml) 


?5 


Note:  Killing  of  contents  of  the  tank  was 
usually  done  by  adding  a mixt  of  1 part  30% 
NaN02  and  2 parts  of  30%  HNO, 


NaN3  + NaN02  + 2HNO,  - 2NaN03 
+ N20  + N2  + HaO 

Pb(N3)2  + 2NaN02  + 4HNO,  -»  Pb(NO,)2 
+ 2N  aNOj  + 2M20  + 2Na  + 2H20 

XIV)Nitric  Acid  for  Killing  was  used  (Ref  9, 
p 61)  in  mixt  with  30%  NaN02  soln  and  should 
be  ca  30%  and  not  below  22% 

Procedure:  Cool  to  20°  the  sample  collected 
in  an  S oz  glass- stoppered  bottle  and  fill  a 
hydrometer  jar  to  about  \ . Insert  hydro- 
meter of  range  1.0-1. 2 and  take  reading  at 
20°.  Det  approx  concn  from  tables,  density  vs 
concentration,  such  as 


d at  20° 

% HNO 

1.115 

20.0 

1.120 

20.8 

1.125 

21.6 

1.130 

22.4 

1.134 

23.0 

1.140 

24.0 

1.152 

25.8 

1.156 

26.4 

1.160 

27.0 

1.164 

27.6 

1.168 

28.2 

1.170 

25.0 

1.172 

28.8 

1.176 

29.4 

1.180 

30.0 

XV)Disposa|  of  Laboratory  Samples  Con- 
taining Azides  at  KOW.  According  to  Ref 
9,  pp  69-71  the  following  were  some  of  the 
rules  observed  in  the  lab  of  Kankakee  OW: 

a) No  mote  than  25  g of  dry  LA  was  allowed 
in  the  lab  at  a time 

b) No  azide-contg  sample  was  allowed  to  be 
mixed  with  an  acid  since  this  would  form 
the  extremely  toxic  hydrozoic  acid  (gas) 

c) No  azide-contg  sample  was  allowed  to  be 
mixed  with  salts  of  heavy  metals,  especially 
of  Cu,  Cd,  Ag,and  Pb  since  these  would 
form  sensitive  azides 

d) All  samples  contg  a high  percentage  of 
NaNj,  such  as  crude,  refined,  mother  liquor, 
clear  liquor,  lime  treatment,  feed  tank  and 
wringer  cake  (see  under  Sodium  Azide),  were 
saved  and  returned  to  operations,  as  an 
economy  measure 

e) All  LA  moisture  samples  were,  after  final 
weighing,  saved  and  returned  to  the  plant 
for  mixing  with  finished  product 

f) All  Government  composite  samples  were, 
after  removal  of  the,portion  for  analysis, 
wetted  with  95%  ale  and  returned  to  the  Govt 
Inspector 

g) All  LA  samples,  suspected  to  be  impure 
(such  as  contaminated,  exposed  to  direct 
sunlight,  exposed  to  temps  in  excess  of  65°, 
etc)  were  returned  to  the  plant  to  be  destroyed 
as  described  under  Killing  Tank.  Small  amts 
of  azide  were  killed  in  the  lab  with  ceric 
ammonium  nitrate  soln: 

2NaNs  + 2Ce(NH4)a(N03)6  -►  4NH4NOs 
+ 2NaN03  + 2Ce(NOj)j  + 3N2 

X Yl)Laboratory  Disposal  of  LA  by  the  Method 
of  Wm.  H.  Rinkenbach.  Disperse  with  stirring 
ca  1 oz  of  waste  LA  in  1.5  gal  10%  aq  Amm 
acetate  soln,  add  2.5  oz  of  Na  nitrate  dis- 
solved in  1 pint  of  w?fand  then  7 oz  of  glacial 
AcOH  or  its  equivalent  of  weaker  acid.  After 
allowing  the  soln  to  stand  in  a warm  place 
for  at  least  1 hour,  dispose  of  it 
Notes:  A)The  above  proced  results  in  a 
clear  soln,  which  contains  no  toxic  materials 
and  can  be  easily  disposed  of  by  pouring  it  into 
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a sink  or  a stream  B)This  proced  does  not 
possess  the  disadvantages  of  other  methods, 
such  as:  a)  Solution  in  Amm  acetate  and 
decompn  with  Na  bichromate.  This  method 
produces  a sludge  which  cannot  be  disposed 
of  by  dumping  into  a sink  b)Decompn  with 
ceric  ammonium  nitrate  soln.  This  reagent  is 
expensive  and  somewhat  corrosive  c)Decompn 
by  Na  nitrite  and  nitric  acid.  This  mixture  is 
very  corrosive  and  the  procedure  requires 
stirring  during  decompn  to  keep  the  heavy 
LA  in  suspension  C)The  procedure  of  WHR 
can  be  used  to  remove  azides  from  bags  used 
for  storing  wet  LA  or  for  catch-bags  placed 
underneath  sinks,  without  injuring  the  fabric. 
For  this,  the  bags  are  impregnated  with  Amm 
acetate  soln  and  then  subjected  to  treatment 
with  Na  nitrite  soln  and  AcOH.  For  removing 
LA  or  other  azides  from  machinery,  tables, 
floors,  etc,  it  is  usually  sufficient  to  wipe 
the  object  with  a rag  impregnated  with  Amm 
acetate  soln,  followed  by  wiping  with  Na 
nitrite  soln  and  AcOH 

XVIi)Laboratory  Disposal  of  LA  by  the 
British  Method.  Disperse  with  stirring  ca  1 oz 
of  LA  in  250  ml  of  15%  aq  Na  nitrite  soln, 
and  add  slowly  250  ml  of  25%  aq  AcOH  soln. 
Carry  out  this  operation  in  the  hood  behind 
a protecting  screen 

XVIII)Laboratory  Disposal  of  LA  by  the 
Method  Used  at  the  du  Pont's  Plant  at  Pomp- 
ton  Lakes,  NJ.  Disperse  slowly  with  stirring 
ca  1 g sample  in  ca  16  ml  of  25%  aq  ceric 
ammonium  nitrate  soln  and  allow  to  stand. 
Fumes  from  the  decompn  are  not  toxic 

XIX) Laboratory  and  Plant  Disposal  of  LA  by 
the  Method  Used  at  the  du  Pont’s  Plant  at 
Pompton  Lakes,  NJ.  Disperse  with  stirring 
ca  1 g sample  in  500  ml  w and  mix  it  with 

9 ml  of  a 30%  aq  Na  nitrite  (commercial  grade) 
soln.  Finally  add  ca  18  ml  of  a 24%  aq  nitric 
acid  and  test  with  ferric  chloride  for  the  com- 
pletion of  destruction 

XX) Laboratory  Disposal  of  LA  by  the  Method 
Used  at  Picatinny  Arsenal.  Disperse  with 
stirring  ca  1 oz  sample  in  1.5  gal  of  10% 


Amm  acetate  soln  and  add  sufficient 
Na  bichromate  soln  to  ppt  all  lead  as  chro- 
mate. Test  for  the  completion  of  destruction 
by  transferring  a portion  of  slurry  to  a filter 
paper  and  treating  the  filtrate  with  a few 
drops  of  Na  bichromate  soln.  Confirm  the 
absence  of  LA  by  washing, with  distd  w,the 
residue  on  filter,free  of  sol  azide  salts,  dry- 
ing it, and  subjecting  a 20  mg  portion  to  the 
impact  test,  using  2 kg  wt.  The  material 
should  not  detonate 

XXI)Laboratory  Test  for  the  Presence  of  LA. 

The  following  proced  was  used  at  PicArsn 
and  described  in  ChemLabRept  94772(1943) 
for  detection  of  azides  in  loaded  housings 
of  friction  primers: 

Procedure:  Place  three  of  the  loaded  housings 
in  a 50  ml  beaker,  add  20  ml  of  25%  aq  Amm 
acetate  soln  and  heat  to  boiling.  Allow  to 
boil  gently  for  5 mins.  Remove  the  housings, 
washing  them  with  a stream  of  distd  w.  Boil 
the  soln  for  another  5 mins  and  filter,  catching 
the  filtrate  in  a small  beaker.  Acidify  the  fil- 
trate with  3 drops  of  coned  nitric  acid  and 
add  5 ml  of  10%  aq  Ag  nitrate  soln.  After  al- 
lowing to  stand  for  30  mins,  filter  and  wash 
the  ppt  on  filter  paper  with  w.  Remove  the  fil- 
ter paper,  spread  it  on  a watch  glass  and  pour 
ca  10  ml  of  10%  ceric  ammonium  nitrate  soln 
on  top  of  ppt.  The  evolution  of  odorless  gas 
(nitrogen)  indicates  the  presence  of  an  azide 
(in  this  case,  it  is  silver  azide) 

Refs:  l)M.Mar  queyrol  & P.Loriette,  MP  18, 
93-5(1921)  & CA  16,  1667(1922)  (Detn  of  LA 
in  primer  compns  as  conducted  at  the  Labo- 
ratoire  Centrale  des  Poudres,  Paris)  2)S.M. 
Moskovich,  Visti  Institutu  Fizichnoi  Khemii- 
Akademiya  Nauk  Ukraina  (Russia),  6,  179-87 
(1936)  Si  CA  31,  6579(1937)  (Potentiometric 
detn  of  LA  was  conducted  by  dissolving 
0.02  g LA  in  50  ml  of  2%  Ba  nitrate,  making 
the  soln  acid  with  1 ml  of  2N  nitric  acid, 
plus  2 ml  of  2N  AcONa  and  titrating  with 
0.1N  Ag  nitrate)  3)J.W. Arnold,  LEC,  AnalEd 
17,  215-17(1945)  & CA  39,  2267(1945)  (Assay 
of  LA  & Na  azide  by  cerate  oxidimetry)  4) 
R.Haul  & E.Scholz,  Naturwissenschaften  32, 
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294-5(1944)  & CA  40,  2764(1946)(Polaro- 
graphic  detn  of  azide  ion  in  general  and  in 
LA  in  particular)  5)D.F.  Vasil’ev,  Trudy- 
KomissiiAnalKhim,  OtdelKhimNauk,  2,  [5], 
90-5(1949)  & CA  44,  9300- 1(1950)  (Polarogra- 
phic  detn  of  Pb  content  of  LA)  6)US  Mili- 
tary Specification  MIL-L-3055(1949)  and 
Amendment  1 (1952)  (Requirements  for  crys- 
talline LA  intended  for  use  in  manuf  of  deto- 
nators, fuzes  and  priming  compns)  7)W.H. 
Rinkenbach  & A.  J. Clear,  "Standard  Labo- 
ratory Procedures  for  Sensitivity,  Drisance 
and  Stability  of  Explosives",  PicArsnTech 
Rept  1401  (1944),  Revised  in  1950  8)J. 

Bernstein,  "Determination  of  Moisture  Con- 
tent of  Lead  Azide”,  PicArsnGenLab  Rept 
5 1-H 1-2331  (1951)  (Comparison  of  closed 
and  open  vessel  techniques)  9)US  Rubber 
Co,  Kankakee  Ordnance  Works,  Joliet, 

Illinois,  "Lead  Azide  Laboratory  Manual”, 
Revised  in  1953  by  B.C. Carlson  (Lab  pro- 
cedures used  in  the  manuf  of  Na  and  Pb  azides 
and  a brief  description  of  manufg  process 
developed  by  the  Du  Pont  Co)  10)S.G. 
Landsman  & J.M. Rosen,  "Improved  Method 
for  the  Assay  of  Lead  Azide”,  Navord  Rept 
4191(1955)  ll)J.V?e$t£l  et  al,  Chem 
Prumysl  6,  50-2(1956)  & CA  50,  14229(1956) 
(Chelatometric  detn  of  Pb  in  LA)  12)Y. 
Mizushima  & S.Nagayama,  JIndExplosives 
Soc  Japan  17,  113-15(1956)  & CA  50,  16557 
(1956)  (Microdetn  of  Pb,  Cu  & Na  in  azides) 
13)Ibid,  Rept  Govt  Chem  Ind  Res  Inst  51, 
320-2(1956)  & CA  51,  4216  (1957)  (Gaso- 
metric  detn  of  Pb,  Ca  & Na  azides  with  ceric 
ammonium  nitrate)  14)US  Military  Purchase 
Description  X-PA-PD-1217(1957)  issued  for 
use  pending  revision  of  MIL-L-3055  (Require- 
ments for  crystalline  and  colloidal  lead  azides) 
15)R.Croom  & F.Pristera,  "Investigation  of 
Methods  for  the  Analysis  of  Lead  Azide”, 
SFAL,  Tech  Rept  2486(1958),  PicArsn,  Dover, 
NJ  16)D.G. Young,  formerly  of  Kankakee 
OW,  Joliet,  111;  psivate  communication,  I960 
(info  on  manuf  and  analysis  of  LA) 


Lead  Azide  Explosive,  Primer  and  Detonator 
Compositions.  LA  has  replaced  MF  for  many 
purposes.  Its  chief  applications  are  as  an 
initiating  agent  for  less  sensitive  HE  charges 
and  as  an  ingredient  of  priming  compns  which 
are  very  sensitive  to  impact  or  percussion. 
Priming  compns  are  used  for  the  ignition  of 
initial  detonating  agents,  BkPdr,  small  arms 
propellants,  etc.  Most  military  priming  compns 
consist  of  a mixt  of  one  or  more  initial  detong 
agents,  oxidizing  agents,  fuels,  sensitizers 
and  binding  agents  (Ref  98) 

Some  typical  primer  and  detonator  compns 
used  in  USA  are  as  follows  (Refs  88,95,97 
&98):  Percussion  Type  — LA/KClOj/SbjSj/ 
ground  glass  33.6/14.3/21.5/30.6  and  LA/ 

KC 1 03 /Sb2 Sj /P b( SC N)3  5/53/17/25  (Ref  87); 
Friction  Type  - LA/KC103/Sb2Sj/carborundum 
28.3/33.4/33.3/5.0;  Relay  Type  - LA  Pressed 
at  5000  psi  and  covered  with  an  onion  skin; 
and  Detonator  Type  — LA  generally  sensi- 
tized by  the  addn  of  lead  styphnate  (LSt), 
Pb02QH(N02)3*H20,  to  lower  the  ignition 
temp 

Grant  and  Tiffany  (Ref  84)  detd  that  the 
order  of  initiating  efficiency  of  priming  com- 
positions increased  as  follows: 

Priming  Composition  % Order 

Lead  styphnate  (LSt)  100  1 

LA/LSt  20/80  2 

Mercury  fulminate/KCiOj  80/20  2 

LA  100  3 

LA/LSt/ Aluminum  80/17/3  3 

LA/LSt  40/  60  3 

Diazodinitrophenol/KClOj  75/25  3 

LA/LSt/  Al/KClOj  80/18/0.5/1.5  4 

LA/LSt  60/40  4 

LA/LSt  80/  20  5 

The  sand  crushed  per  unit  wt  of  expl  in  the 
detonator  was  taken  as  a measure  of  the 
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initiating  efficiency  of  the  expl  chge.  This 
test  is  called  the  miniature  - cartridge  test 
(Ref  85).  The  testing  of  detonators  was  de- 
scribed in  previous  reports  (Refs  9,32,43,73 
&80) 

Modern  detonators  sire  coropd  detonators 
loaded  with  a base  chge,  a priming  chge  and 
sometimes  an  ignition  chge.  The  common 
base  charges  in  use  are  tetryl,  PETN  and 
TNT  (Refs  5,11,15,18,30,31,36,38,39,42,44, 

48, 49, 53, 59, 60 ,65, 81, 82, 86, 94& 98).  RDX 
was  proposed  in  1922  (Ref  23)  as  a base 
detonator  chge  but  it  has  not  found  practical 
use.  Grant  and  Tiffany  (Ref  84)  found  the 
order  of  increasing  efficiency  of  detonator 
base  charges  to  be:  MF/KC10j  80/20,  tetryl, 
PETN  and  RDX.  The  influence  of  other 
factors  such  as  priming  chge,  reinforcing 
capsule  and  outside  diameter  of  shell  was 
also  investigated 

Although  Blechta  (Ref  33)  concluded  that 
LA  was  too  sensitive  and  unsuitable  for 
practical  use,  the  large  and  extensive  patent 
and  technical  literature  is  evidence  of  the 
interest  and  application  of  LA  in  detonators. 
Hyronimus  (Ref  1)  was  the  first  to  propose 
the  use  of  LA  in  priming  chges.  The  use  of 
layers  of  a HE  nitro  compd  and  a covering 
layer  of  LA  suitable  for  blasting  caps,  primers 
or  detonators  was  patented  by  Wohler  (Ref  2) 
Rheinisch-Westfalische  AG  (Ref  3),  3urkard 
(Ref  7),  Will  (Ref  5),  Matter  (Refs  11&31), 
Eschbach  (Ref  15),  Friederich  (Ref  24), 

Nobels  Expl  Co  & Morris  (Ref  30),  Oerlikon 
(Ref  36),  Symmes  (Ref  38),  Hercules  Powder 
Co  (Ref  39),  Eschbach  & Wippenhohn  (Ref  42), 
Meissner  (Ref  44),  Lewis  (Refs  48&53), 

Biazzi  (Ref  49),  Johnson  (Ref  60),  Rubenstein 
& Imperial  Chem  Inds  (Ref  65),  Burrows  (Ref 
81),  Lyce  (Ref  82)  and  Bain  & Carl  (Ref  89). 
General  discussions  of  the  use  of  LA  in  det- 
onator compositions  may  be  found  in  Refs  5, 
18,29,51,52,79,84,88,97  & 98).  According  to 
Kast  (Ref  29)  LA  loaded  into  detonators  at 
600  to  5000  kg/cm*  showed  increased  initiating 
efficiency 

Various  multi-component  LA  compns  or 
admixtures  with  LA  to  alter  irs  sensitivity 


characteristics  have  also  been  developed, 
for  example:  LA/KOOj  by  Wohler  (Ref  8); 
PETN/LA/KClOj  or  tetryl/LA/KClO,  by 
Claessen  (Ref  4);  NC/LA  3/lp  or  NC/LA/ 
NaN,  1 1/6/3 p by  Buell  (Ref  6);  LA/TNT 
80/20  or  LA/TNT/gum  arabic  70-95/5-30/ 
0.2-0. 4 p by  Runge  (Ref  10);  NC/PA/LA  by 
Stine  (Ref  12);  LA/LSt/resin  by  Eschbach 
(Ref  16);  NC/LA  10-20/90-80  or  NG/'NC 
97-70/7-30%  with  LA  by  Hudson  (Ref  13); 
paraffin/cork  flour/LA  by  Sprengluft-Ges 
(Ref  14);  LA/  tetryl  40-95/60-5%  by  Cook  & 
Grotta  (Ref  21);  Pb  salt  of  trinitrophloro- 
glucinol/LA  or  Pb  derivs  of  tetrazole/LA 
by  Rachsburg  (Ref  19);  LA/LSc  by  vonHerz 
(Ref  22);  LA/ soot  or  powd  cork  by  Kowatsch 
(Ref  25);  LA/basic  LA  or  basic  salts  of 
nitro  compds  by  Friederich  (Ref  20);  LA/fatty 
subst  0.05-20%  (paraffin)  by  Harle  (Ref  27); 
LA/TNT,  tetryl  or  PETN  by  Matter  (Ref  28); 
LSt/LA/Al  or  graphite  (3%)  by  Ashcroft  & 
Imperial  Chem  Inds  (Ref  37);  LA/diazodinitro- 
phenol  by  Symmes  (Ref  38)  and  80-20/20- 
80%  mixt  by  Hercules  Powder  Co  (Ref  39); 
LA/powd  glass  98/2%  or  LA/powd  quartz 
99/1%  and  L A/tetracene/CaSij  80/10/10% 
by  Eshbach  & Wippenhohn  (Ref  42);  LA/ 
CaSi3/Ba(NOs)2/tetracene  by  Imperial  Chem 
Inds  & Weale  (Ref  40);  LA/2,4,6-trinitro~ 
1,3,5-triazidobenzene  by  Turek  (Ref  45);  LSt 
or  dibasic  picrate/LA  (10-20%)/resin  by 
Eshbach  & Friederich  (Ref  50);  LA/binder/ 
ester  gum,  cellulose  acetate  or  Canada 
balsam  by  Olsen  et  al  (Ref  55);  LA/tetracene 
with  or  without  other  substs  such  as  Pb02, 

Sb  sulfide,  Ba(N03)2  or  CaSi2  by  McNutt  (Ref 
56);  LA  with  KCl03/S/Pb  thiocyanate  “40/ 
10/50%  by  duPont  (Ref  58);  LA/naturai,  synth 
or  rubber  substitute  by  Snelling  (Ref  63);  LA/ 
Ba(N03)2/tetracene  by  Weale  (Ref  62);  LA/ 
diazoguanidine  picrate  with  or  without  tetryl 
by  Imperial  Chem  Inds  (Ref  67);  LA/nitro- 
soguanidine  by  Olsen  & Seavey  (Ref  61);  LA/ 
nitratohypophosphite  by  Brun  & Burns  (Ref 
68);  LA/ground  glass  by  Hatch  (Ref  70);  LA/ 
various  expl  additjves^hich  lower  flash  pointy 
by  Dynamit-AG  (Ref  72);  LA/Pb  nitro  sores- 
orcinate  by  Kerone  & Carroll  (Ref  71);  LA/ 
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PETN  or  tetryl  or  NC(30-60%)  by  Lawrence 
(Refs  74&78);LA/cecracene  85*90/10-15% 
by  vonHerz  (Ref  75);  LA/BkPdr  or  smokeless 
powd  60-95/5-40%  by  Hanley  (Ref  83)  and 
LA/normal  Pb  salt  of  2,4-dintroresorcinol 
by  Rubenstein  (Ref  92) 

LA  and  its  priming  or  detong  compns  have 
also  been  desensitized  by  special  treatment 
or  devices,  for  example:  addn  of  0.05  to  20% 
by  wt  of  oil,  grease  or  paraffins  (Ref  26);  re- 
moval of  insol  carbonates  of  Pb  in  LA  (Ref 
34);  for  an  elec  blasting  cap  the  use  above 
the  LA  chge  of  Pb  thiocyanate/KClOj /ground 
pyro  pdr  loose  mixt  free  from  admixture  with 
LA  (Ref  47);  LA  wetted  with  non  flammable, 
non  solvent  liq  of  low  volatility,  such  as 
dichloroethyl  ether,  but  capable  of  complete 
removal  by  water  (Ref  54);  a stratified  primer 
reqd  a relatively  small  quantity  of  LA  compn 
(Ref  64);  a detonator  particularly  suitable  for 
coal  mining  consists  of  an  outer  polyvinyl 
resin  shell  and  an  inner  iron  walled  capsule 
charged  with  LA  (Ref  76);  by  blending  with 
LA  a small  quant  (0.5  to  3%)  of  finely  divided 
Ca  stearate,  blasting  caps  w-ith  an  approp 
base  chge  were  made  less  sensitive  to  shock 
or  frictional  impact  (Ref  86);  the  addn  of  4- 
20%  of  NC  having  a fiber  length  30  to  250jr 
to  LA  reduced  its  sensitivity  and  improves 
loading  characteristics  (Ref  91);  by  using  an 
elec  ign  device  the  priming  compn  LA/LSt 
80/20%  was  replaced  by  LA  alone  (Ref  93); 
detonators  for  use  in  presence  of  firedamp 
■were  made  safe  by  mixing  from  3 to  20%  of 
an  inert  material,  such  as  KC1,  Na2C03, 
NaHC03,  KBr  or  wax,  with  both  the  primary 
(LA  or  LA/LSt-65/35%)  and  secondary  (PETN 
or  tetryl)  charges  (Ref  94)  and  by  the  use 
of  dextrinated  LA  for  initiating  compns  (Ref 
96) 

Since  LA  reacts  with  Cu  or  brass  detonator 
capsules  to  form  extremely  dangerous  Cupric 
Azide(qv),  this  difficulty  has  been  overcome 
by  the  use  of  Al,  A1  alloy,  iron  or  paper  con- 
tainers; for  example:  Al  detonator  shells  were 
patented  by  Eschbach  (Ref  15),  Biazzi  (Ref 
49),  Lewis  (Ref  53),  duPont  (Ref  58),  Noddin 
(Ref  59),  Rubenstein  & Imperial  Chem  Inds 


(Ref  65)  and  others;  according  to  Galewsky 
(Ref  18),  German  military  detonators  of  WWI 
substituted  for  the  Cu  shells  first  Zn,  then 
Fe  and  finally  Al;  Eschbach  (Ref  35)  also 
proposed  protecting  LA,  in  Cu  containers, 
from  moisture  and  C02  by  applying  a cast 
seal  to  container  mouth  equipped  with  an 
elec  igniter;  Noddin  (Ref  59)  coated  the  Al 
shell  surface  with  AlaOj  to  make  it  corrosion 
resistant;  detonator  casings  for  LA  expls 
were  also  made  of  an  alloy  contg  Cu  or  Zn 
(Ref  17)  contg  Cu  90-95%  and  Al5-10%  or 
replacing  Al  in  part  by  Mg  (Ref  41),  nitrited 
alloy  steel  (Ref  47),  alloy  of  Zn  95.0-98.5%, 
Cu  4.0-1. 5%  and  Ag  1.0-0.1%  (Ref  57)  or 
high  Al  alloy  subjected  to  anodic  oxidation 
(Ref  58);  von  Hertz  (Ref  46)  proposed  the 
use  of  vulcanized  fiber  casings,  Lignoza- 
Spolka  Akcyjna  (Ref  66)  casings  made  wholly 
of  Pbjand  Dhdme  & Deffrenne  (Ref  69)  the 
use  of  a steel  shell  protected  by  an  exterior 
layer  of  Pb;  Salzberg  (Ref  77)  treated  the 
gilding  metal  shell  with  lauryl  mercaptan 
and  Martin  (Ref  90)  separated  the  priming 
chge  from  the  main  chge  by  a foil  of  D’Arets 
alloy  or  Woods  metal  to  obtn  more  uniform 
ignition 

Refs:  l)F.Hyronimus,  FrP  384792(1907); 

JSCI  27,  524-5(1907)  & CA  3,  1690(1909); 

USP  908674(1909)  & CA  3,  1088(1909);  Brit 
P 1819(1908);  GerP  224669(1910)  & Chem 
Ztr  1910  II,  771  2)L. Wohler,  BrtiP  4468 

(1908);  FrP  387640(1908);  GerP  196824  & 

Chem  Ztr  1908  I,  1439  and  USP  904289(1909) 

& CA  3 717(1908)  3)Rheinisch-Westfalische 
Sprengstoffe  AG,  GerP  238942(1910)  & CA 
6,  2170(1912)  4)C.Claessen,  FrP  459979 
(1913)  & CA  8,  3238(1914);  GerP  284400 
(1916)  & CA  10,  970(1916)  and  SwedP  40749 
& 40955(1916)  & CA  10,  2525  & 2800(1916) 

5) W.WiU,  SS  9,  52-3(1914)  & CA  8,  1508(1914) 

6) W.H.  Buell,  DritP  21082  (1914)  & CA  10, 

970(1916);  USP  1174669(1916)  & CA  10,  1435 
(1916)  7)E.  Burkard,  BritP  16405(1914)  & CA 

11,  889(1917)  8)L. Wohler,  USP  1128394(1915) 
& CA  9,  1118(1915)  9)C. G. Storm  & W.C.Cope, 
BurMinesTechPaper  125  (1916)  10)W.Runge, 
USP  1168746  & 1185830  (1916)  & CA  10,  822 


& 2045(1916);  CanP  181129(1917)  & CA  12, 
63i(191S)  1 1)0. Matter,  uSP  1239613(1917) 

& CA  11,  3438(1917);  CanP  176610(1918), 

USP  1254147(1918)  Sc  CA  12,  226 & 766(1918) 
12)C.M. Stine,  USP  1313650(1919)  & CA  13, 
2763(1919)  13)W.G. Hudson,  USP  1329525 

(1920)  & CA  14,  1045(1920)  14)SprengIuft- 
Ges,  BritP  152335(1920)  & CA  15,  756(1921) 
15)w'.Eschbach,  BritP  151572(1920)  & CA 
15  , 5 99-600(1921);  USP  1438431(1923)  & CA 
17,  882-3(1923)  16)W.  Eschbach  BritP 
156429(1920)  & CA  15,  1815(1921);  ChemZtr 

1921  II,  765  17)W.  Eschbach,  BritP  204277 

(1923)  & CA  18,  905(1924)  18)P.Galewsky, 

SS  15,  153,163,190,197,203  & 212(1920)  & 

CA  15,  2986(1921)  19)H.Rathsburg,  BritP 
177744(1921);  CA  16,  3399(1922)  & ChemZtr 

1922  IV,  810;  BritP  190215(1921)  & CA  17, 
3101(1923)  2Q)W.Friederich,  BritP  180605 
(1921)  & CA  16,  3399(1922)  21)R.M.Cook 
& B.Grotta,  USP  1385245(1921)  & CA  15, 
3751(1921)  22)E.vonHerz,  BritP  187012 
(1921);  CA  17,  1 147  (1923)  & ChemZtr  » 923 
II,  781;  USP  1498001(1924)  & CA  18,  2605 
(1924)  23)E.vonHerz,  USP  1402693(1922) 

& CA  16,  1014(1922)  ’ 24)W.Friederich,  USP 
1424462(1922)  & CA  16,  3399(1922)  25)A. 
Kowatsch,  USP  1424487(1922)  & CA  16, 
3400(1922);  CanP  222375(1922)  & CA  16, 
4067(1922)  26)Etabiissements  Davey, 
Bickford,  Smith  et  Cie,  BritP  196593(1923); 

CA  17,  3791(1923)  & ChemZtr  1923  IV,  306 
27)E.C.Harle,  USP  1488787(1924)  & CA  18, 
1911(1924)  28)0. Matter,  BritP  280249(1926); 
CA  22,  3048(1928)  & ChemZtr  1928  I,  2599 
29)H.Kast,  SS  21,  188-92(192 6)  & CA  21, 
1184(1927)  30)Nobei'sExpiCo,Ltd  & G.Morris, 
BritP  297853(1927)  & CA  23,  2827(1929) 

3 1)0, Matter,  BritP  303975(1927);  CA  23,  4822 
(1929)  & ChemZtr  1931  I,  2712  32)M. 


Sukharevskii,  SS  22,  17(1927)  33)F. Blechta, 

ChemObzor  3,  330-6(1928)  & CA  23,  1271 
(1929)  34)0.  Matter,  FrP  663841(1928)  & 

CA  24,  696(1930)  33)W.  Eschbach,  BrirP 
304144(1928)  & CA  23,  4822(1929)  36)Werk- 


zeugmaschinenfabrik  Oerlikon.  BrirP  309114 
(1928);  CA  24,  502(1930)  & ChemZtr  1931  I, 
1053  37)G.  A. Ashcroft  & ImperialChemlnds, 


Ltd,  BritP  317023(1928)  & CA  24,  1983(1930) 
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25,  595(1931)  39)Hercules  Powder  Co,  FrP 
6756W1929)  & CA  24.  2886(1930)  40) 


ImperialChemlnds,  Ltd  & A.Weale,  BritP 
362048(1930)  & CA  27,  1177(1933)  41)W. 
Eschbach  & W.Friederich,  FrP  696663(1930) 


& CA  25,  2853(1931)  42)W.Eschbach  & 
wippenhohn,  Britr  374060(1930)  « CA  27, 
3336(1933)  43)A.Haid  & H.Koenen,  SS  25, 
393,433  & 463(1930)  44)J. Meissner,  BritP 
373516(1931)  & CA  27,  3336(1933)  45)0. 
Turek,  USP  1824848(1932)  & CA  26,  309 


(1932)  46)E.vonHerz,  BritP  382247(1932)  & 
CA  27,  5982(1933)  47)H. A.Lewis,  USP 

10/  / / / A±y:>;>)  oc  la  a/  , nziHiyp;);  ho 


Noddin,  USP  1906869(1933)  & CA  27,  3612 


(1933)  48)H. A.Lewis.  USP  1918920(1933) 

& CA  27,  4931(1933)  49)M.F.Biazzi,  BritP 
387545(1933)  & CA  28,  3 2 8- 9(1 93 4); USP 
1950019(1934)  & CA  28,  3235(1934)  50)W. 
Eschbach  & W.Friederich,  BritP  417763(1934) 
Sc  CA  29,  2744(1935)  5i)L.F. Audrietn,  Cnem 
Revs  15,  223-4(1934)  52)I.E.Moisak,  Trudy 
KazanKhimTekhnolInst  No  2.  81-5(1935)  Si 
CA  29,  5271(1935)  53)H. A.Lewis,  USP 
1991857(1935)  & CA  29,  2360(1935)  54)F.R. 


Seavey  & E.B.Kerone,  USP2000995  (1935)  & 
CA  29,  4586(1935)  55)F.0lsen  et  al,  USP 


Si  CA  29,  :>o;j.d. 

McNutt,  USP  2004505(1935)  & CA  29,  5274 
(1935)  57)E.T.Lednum.  CanP  348649(1935) 
& CA  29,  3518(1935)  58)E.I.duPont,  BritP 
451668(1936)  & CA  31,  542(1937)  59)G.A. 
Noddin,  CanP  361815(1936)  & CA  31,  1616 
(1937)  60)C.R. Johnson,  CanP  361816(1936) 
Sc  CA  31,  1616(1937)  61)F. Olsen  Sc  F.R. 
Seavey,  USP  2060522(1937)  & CA  31,  542 
(1937)  62)A.Weale,  USP  2065929(1937)  * 
CA  31,  1212(1937)  63 )W. O.Snelling,  USP 

2067213(1937)  & CA  31,  1616(1937)  64)F.R. 
Seavey,  USP  2068516(1937)  & CA  31,  2010 
(1937)  65)L.Rubenstein  & ImperialChemical 


uius,  i_ta,  nrxtr  <t/u4io\,i50/.j  ct  ojl,  1430 
(1938)  66)LignozaSpoIka-Akcyjna,  BritP 
474495(1937)  & CA  32,  3156(1938)  67)Imper«a! 
Chemicallnds,  Ltd,  AustralianP  102202(1937) 

& CA  32,  2753(1938)  68)W.Bf.tin&  J.E. Burns, 
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USP  2116878(1938)  & CA  32,  5214(1938) 
69)A.Dhome  & P.D.Deffrenne,  FrP  826286 
(1938)  & CA  32,  7728(1938)  70)G.B. Hatch, 

USP  2156942(1939)  & CA  33  , 6600(1939) 
71)E.B.Kerone  & C.C. Carroll,  USP  2177657 
(1940)  & CA  34,  1176(1940)  72)Dynamit- 
AGvorm  AlfredNobel  & Co,  BritP  528299 
(1940)  & CA  35  , 7716(1941);  FrP  852495 
(1940)  & CA  36,  2414(1942)  73)R.L.Gram 
& A. B. Coates,  BurMines  RI  3696(1943) 

74)R.W. Lawrence,  CanP  398139(1941)  & CA 
35,  6796(1941)  75)E.vonHerz  et  al,  GerP 
702269  (1941)  & CA  35,  8299(1941)  7 6)W. 
Eschbach,  GerP  715101(1941)  & CA  38, 
2212(1944)  77)P.L.Salzberg,  USP  2255600 
(1942)  & CA  36,  274(1942)  78)R.W.  Lawrence, 

BritP  546276(1942)  & CA  37,  3274(1943) 
79)Davis(1943),  424-30  80)R.L.Grant,  Bur 
Mines  RI  3696(1943)  81)L.  A.  Burrows,  CanP 
411756(1943)  & CA  37,  3943(1943);  USP 
2427899(1947)  & CA  42,  764(1948)  82)G.A. 
Lyte,  USP  2360698(1944)  & CA  39,.  1294 
(1945)  83 )E.J. Hanley,  USP  2363863(1944) 

& CA  39,  3672(1945)  84)R.L.Grant  & J.E. 
Tiffany,  BurMinesTechPaper  677,  34pp(1945); 
IEC  37,  661-6(1945)  & CA  39,  3671(1945) 
85)R.L. Grant  & J.E.Tiffany,  IEC,  AnalEd 
17,  13-19(1945)  & CA  39,  1053-5(1945)  86) 

L. A. Burrows  & W.E. Lawson,  USP  2402235 
(1946)  & CA  40,  5568(1946)  87)L.F. 

Audrieth,  USP  2410801(1946)  & CA  41,  866 
(1947)  88)A11  & EnExpl(1946),  66  89)C.J. 
Bain  & L.R.Carl,  USP  2415806(1947)  & CA 
41,  2901(1947)  90 )C, A.  Martin,  USP  2423837 
(1947)  9i)L.  Ruben  stein  & B.  Campbell,  USP 

2464777(1949)  & CA  43,  6828(1949)  92)L. 
Rubenstein,  USP  2493551(1950)  & CA  44, 
3022(1950)  93)Dynamit- AG,vorm  AlfredNobel 
& Co,  GerP  803644(1951)  & CA  45,  5930' 
(1951)  94)H. Eisner,  GerP  803645(1951)  & 

CA  46,  1260(1952)  95)Kirk  & Othmer  6 
(1951),  8 96)L. Rubenstein,  USP  2653863 
(1953)  & CA  48,  2376(195 4)  97)Armament- 
Engrg(1954),  47-9  98)TechMan  TM9-1910 
& Tech  Ord  TO  HA- 1-34(1955),  113-6 


Lead  Azide  Explosive,  Primer  and  Detonator 
Compositions,  Analytical  Procedures.  Follow- 
ing are  some  typical  methods  of  analysis: 

])Analysis  of  an  Unknown  Sample  by  the 
Method  Used  in  the  Laboratoire  Centrale  des 
Poudres  as  described  by  M.  Marqueyrol  & 
P.Loriette  in  MP  18,  93-5(1921): 

a) Extract  a weighed  portion  of  sample  with 
ether  in  a tared  filtering  crucible  and  evapo- 
rate the  extract  at  RT.  Dry  at  60°,  weigh  and 
test  for  nitro  compds,  such  as  PA,  TNT, 
tetryl,  etc 

b) Extract  the  residue  on  filter  with  a small 
amt  of  w,  evaporate  the  extract  at  60°  in  a 
tared  crystallizer  and  weigh  it.  Test  the  con- 
tents of  crystallizer  for  chlorates,  nitrates, etc 

c) Add  to  the  residue  left  after  extraction  with 
eth  and  with  w,  10  ml  of  cold  5%  aq  soln  ,of 
KCN  and  leave  for  2 hrs  while  periodically 
agitating.  Filter  and  wash  the  ppt  with  a few 
ml  of  KCN  soln  and  then  with  w.  This  treat- 
ment dissolves  MF  if  it  is  present.  Test  for 
its  presence  by  adding  a drop  of  nitric  acid 
to  few  drops  of  soln.  If  this  causes  some 
pptn,  det  the  MF  content(by  electrolysis  of 
soln  and  weighing  the  Hg  deposited  on  cath- 
ode 

d) Place  the  residue  insol  in  cyanide  in  a 
small  distillation  flask,  add  few  ml  w contg 
ca  1 ml  AcOH,  cool  the  mixt  and  collect  the 
distillate  in  a Ag  nitrate  soln  of  ca  5% 
strength.  Formation  of  ppt  of  AgN,  indicates 
the  presence  of  LA  in  the  original  sample. 
Remove  AgNs  by  filtration,  wash  it  with  w, 
then  ale  and  finally  with  ether.  Dry  in  air 
and  weigh 

ll)Anaiysis  of  Mixtures  Containing  Lead 
Azide,  Antimony  Sulfide,  Lead  Sulfocyanate 
and  Potassium  Chlorate.  As  an  example  of 
such  mixts  may  be  cited  the  T— 4 Primer 
Composition  used  in  MI5A2  Detonator.  Its 
ave  analysis  is:  LA  5.0,  Sb  sulfide  17.0, 
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Pb  sulfocyanate  25.0  & K chlorate  53.0%. 
It  can  be  analyzed  as  described  under 
Method  1 and  Method  2 


Method  1.  US  Military  Spec  MIL— D— 2493 
(1950)  superseding  the  US  Army  Spec 
50—78—7(1946),  describes  the  following 
procedures 

a)Moisture  content . Dry  to  const  wt  at 
55-65°,  or  in  a desiccator  contg  Ca  chlo- 
ride, an  accurately  wt  sample  0.40  to  0.70  g 
and  calculate  the  loss  in  wt  as  the  percent- 
age of  moisture  (M) 


b)Antimony  sidfide  content.  Transfer  ca  Ig 
of  air-dried  sample,  accurately  weighed, 
to  a beaker  contg  100  ml  of  1%  nitric 
acid  and  allow  to  digest  for  10  mins  at  RT, 
with  occasional  stirring.  Filter  through  a 
Selas  or  Gooch  crucible  and  wash  the  resi- 
due with  distd  w.  Retain  the  filtrate  and 
washings  for  the  next  procedure.  Rinse  the 
residue  in  crucible  with  ale  & eth,  dry  at 
ca  70°  for  1 hr,  cool  in  a desiccator  and 
weigh.  Calc  % SbjSs  on  moisture-free  basis 


% Sb2  S, 


Wt  of  residue  in  crucible  x 101 
W(1  - 0.01M) 


where  W = wt  of  sample  and  M = % of 
moisture 


c)Lead  sulfocyanate  content.  Dilute  the 
combined  filtrate  and  aq  washings  of  the 
previous  proced  to  ca  300  ml  with  distd 
w.  Add,  while  vigorously  agitating,  15  ml 
of  10%  Ag  nitrate  soln  and  continue  agita- 
tion until  the  ppt  coagulates.  Allow  to  stand 
for  ca  10  mins  and  filter  through  a Gooch 
crucible  having  a thick  asbestos  mat.  Wash 
the  residue,  which  consists  of  a mixt  of  Ag 
sulfocyanate  and  Ag  azide,  with  distd  w. 
Assemble  the  crucible  to  another  suction 
flask.  Add  to  the  crucible,  while  applying  a 
very  light  suction(25  ml  of  3%  ceric  ammon- 
ium sulfate  soln  and  cover  the  crucible  with 
a watch  glass  to  retain  spatterings  due  to 
gas  evolution.  Adjust  the  rate  of  suction  so 
that  the  25  ml  of  soln  passes  through  the 


crucible  in  5 mins.  Repeat  this  treatment 
and  wash  the  material  accumulated  on  the 
watch  glass  into  the  crucible  with  a stream 
of  distd  w.  Using  a rubber  policeman  on  a 
glass  rod,  tamp  the  ppt  in  the  crucible  into 
compact  pad  which  will  not  crack  when  air 
is  drawn  through  it.  Continue  treating  the 
residue  with  ceric  ammonium  sulfate  until 
no  further  evolution  of  gas  is  observed  and 
then  repeat  the  treatment  three  more  times. 

Be  sure  to  return  to  the  crucible  any  asbes- 
tos which  might  pass  into  the  suction  flask. 
Wash  the  residue(Ag  sulfocyanate)  with 
distd  w,  followed  by  ale  and  eth.  Aspirate 
until  free  of  ether,  dry  at  ca  135°  for  1 hr, 
cool  in  a desiccator  and  weigh.  Calc  % 

Pb(SCN)j  on  a moisture-free  basis 

A x 97,4  x 0.985  , 

% Pb(bCN)2  = , where 

W(I00  - 0.01M) 

A = wt  of  residual  sulfocyanate,  M = % 
moisture  and  W = wt  of  sample 

Note:  This  method  is  tedious,  requiring  up 
to  10  hrs,  and  it  is  not  sufficiently  accurate 

d)Lead  azide  content.  Assemble  the  appara- 
tus shown  in  the  fig,  p A582,  and  protect 
it  by  screens  from  effects  of  air  currents  in 
order  to  maintain  the  temp  around  the  app  as 
constant  as  possible.  B and  I are  thermometers 

Procedure:  Transfer  ca  2 g,  accurately  weighed, 
to  a 125  ml  Erlen  flask  D,  add  5 ml  of  10%  Ag 
nitrate  soln  and  10  ml  distd  w.  Shake  the  flask 
and  wash  down  its  sides  with  a stream  of 
distd  w.  Fill  a 5 ml  delivery  burette  A with 
60%  ceric  ammonium  nitrate  soln  and  connect 
the  flask  D,  by  means  of  a tightly  fitting  rub- 
ber stopper  C,  to  the  gas  measuring  burette  E 
(such  as  a 100  ml  burette  calibrated  in  0.1  ml). 
Clamp  this  assembly  in  position,  open  stop- 
cock F and,  using  the  leveling  bulb  G,  adjust 
the  water  level  in  the  burette  E to  the  zero 
point.  Close  the  stopcock  F and  test  the  sys- 
tem for  gas -tightness  by  raising  and  lowering 
the  bulb  G and  releveling  the  water  in  G with 
that  in  E.  Consider  the  system  to  be  gas- 
tight  if  the  w level  in  E returns  to  zero  point 
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Add  to  the  flask  D,  exactly  5 ml  of  ceric 
ammonium  sulfate  from  the  burette  A,  lower 
the  bulb  G to  the  vicinity  of  the  30  ml  mark 
of  the  gas  burette  E.  Shake  the  flask  D(to- 
gether  with  the  clamp  and  stand)  vigorously 


until  no  further  increase  in  gas  volume  is 
observed*  Add  to  the  400  ml  beaker  H ca 
200  ml  of  w of  the  same  temp  as  shown  by 
the  thermometer  I,  and  raise  the  beaker  until 
the  flask  D is  covered  with  w to  about  2" 
above  the  bottom.  Clamp  the  beaker  in  posi- 
tion and  allow  the  app  to  stand  with  occa- 
sional shaking  until  the  temp  as  indicated 
by  B i s the  same  as  that  indicated  by  1. 
Adjust  the  height  of  G so  that  the  level  of 
w in  it  is  the  same  as  in  the  burette  E.  Re- 
cord the  observed  level  in  E,  the  temp  of 
the  gas  and  the  atm  pressure.  Calc  % 

Pb(Ns)3  on  a moisture-free  basis 

- (E-5-0)*(P-V)*0-0S70x1.Q8 
W(1  - 0.01M)  x (1  . 0.003670 

where  E = ml  of  gas  collected  in  burette  E, 

P = atm  press,  mm  Hg(see  Note)V=  vapor 
press  of  w at  t°,  M = % moisture  in  the 
sample,  t = temp  shown  by  thermometers  B 
and  I,  W = wt  of  sample,  grams 

Note : If  the  atm  press  is  observed  on  a 
mercurial  barometer  having  a brass  scale, 
calc  the  corrected  atm  press(P)  as  follows: 

P = Pj  - 0.000l63P,tI»  where  P,  = reading 
in  mm  Hg  of  mercurial  barometer  and  t2  = 
temp  of  barometer 

e)Potassium  chlorate  content  is  calcd  on  a 
moisture-free  basis  by  subtracting  from  100 
the  sum  of  the  percentages  of  Sb2Sj, 

Pb(SCN)j  and  Pb(N,), 

Method  2 for  Analysis  of  Primary  Mixtures 
Used  in  Detonators  T—  4,  T— 32,  etc.  It  has 

been  observed  that  the  analysis  of  this  primer 
by  the  methods  of  US  Military  Spec  MIL— D— 
2493(1950)  usually  gives  too  high  results 
for  Pb  sulfocyanate  and  Sb  sulfide  contents 
and  too  low  results  for  K chlorate  content.lt 
has  also  been  observed  that  the  detn  of  Pb 
sulfocyanate  by  washing  with  ceric  ammonium 
sulfate(as  described  in  proced  c of  Method  I) 
is  an  extremely  slow  operation(usually  re- 
quires ca  10  hrs)  and  different  analysts  do 
not  check  with  each  other.  It  is  believed 
that  one  of  the  reasons  for  the  inaccuracy  of 


A583 


results  is  due  to  the  fact  that  no  satis- 
factory test  is  provided  for  the  detn  of  com- 
pleteness of  washing  with  ceric  ammonium 
sulfate.  A similar  condition  exists  in  the 
detn  of  Sb  sulfide  (proced  b of  Method  1), 
where  no  test  is  provided  for  the  completion 
of  washing  of  the  sample  with  i%  nitric 
acid.  The  only  detn  of  Method  1 which  gives 
accurate  results  is  the  proced  d for  detn  of 
the  LA  content 


ties  in  analysis  by  Method  1,  Method  2 
was  developed  at  PicArsn  by  B.T.Fedoroff. 
M.L.Mauger  & O.J. Hearn  and  described  in 
ChemLabRept  130535(1951).  The  method 
was  incorporated  in  the  Purchase  Descrip- 
tions PA-PD- 202(1952)  and  PA-PD-124 


(1953) 


Method  2 


a)Moisture  content  — same  as  proced  a)  in 
Method  1 


b)Potassium  chlorate  content.  Weigh  ac- 


rectly  in  a tared  30  ml  sintered  glass  cruci- 
ble of  medium  porosity.  Add  from  a burette, 

3 ml  of  Solution  No.l[prepd  by  shaking  in  a 
1 1 amber  or  blue  glass  bottle  ca  800  ml 
dist  w with  40  g KSCN,  followed  by  1 g 
Pb(SCN)a,  1 g Sb2S,  and  1 g Pb(Ns),.  After 
allowing  to  stand  overnight,  filter  a portion 
of  the  soln  reqd  for  analysis  into  another 
smaller  bottle).  Swirl  the  crucible  for  exactly 
1 min,  taking  care  not  to  spill  any  liq;  aspi- 
rate by  suction  and  wipe  the  bottom  and  the 
side  of  crucible  on  the  outside  with  tissue 
or  filter  paper.  Continue  the  washing  using 
one  more  3.0  ml  portions,  two  2.0  mi  and 
two  1.0  ml,  making  a total  of  12.0  ml.  Re- 

» n M a,  mlLln  J n /%  n /l 
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it  on  the  outside  with  a stream  of  w.  Empty 
the  suction  flask  and  wash  it.as  well  as  the 
adapter, with  a stream  of  distd  w.  Place  a 
clean  test  tube  in  the  flask  arid  insert  the 
stem  of  the  adapter.  Insert  the  crucible  and 
wash  its  contents  with  1 ml  of  Soln  No  1 

dS  sbovc ] With  SUCtiOIi  Cdtcbuig  the 


filtrate  in  the  test  tube.  Remove  the  test 
tube,  add  1 ml  of  distd  w and  test  the  soln 
for  the  presence  of  chlorate  ion  as  follows.* 

Incline  the  tube  at  an  angle  of  ca  45^  and 
run  down  the  side  of  the  tube  from  a dropper, 
ca  0.5  of  a soln  contg  1.0  g DPhA  in 
100  g of  coned  sulfuric  acid,  so  that  there 
will  be  two  distinct  layers.  If  an  appreciable 
amt  of  chlorate  ion  is  present,  a distinct 
blue  ring  will  be  visible  at  the  border  of  the 

. i i.: .i i .1 
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disappears,  but  the  contents  assume  a blue 
coloration,  which  lasts  several  seconds 
depending  on  the  amt  of  chlorate  ion  present. 

If  only  a trace  of  chlorate  is  present  the  blue 
ring  may  not  form,  but  upon  shaking  the  test 
tube  a slight  bluish  coloration  will  appear 
momentarily,  lasting  only  a fraction  of  a 
second.  If  a definite  blue  ring  forms  in  this 
t£st,  repest  the  wssbing  of  residue  in  the 
crucible  using  one  1 ml  and  one  or  two 
0.5  ml  portions  of  Soln  No.  1 depending  on 
the  outcome  of  the  test  for  the  chlorate  ion 

AJa/ g_‘  Tf  2 tet^I  of  »*jOr£  t j-io n j q ix  ^ ml  of 

Soln  No.  1 is  required  to  remove  the  chlo- 
rate, it  is  advisable  to  repeat  the  whole 
proced  b starting  with  a new  sample  and  per- 
forming all  operations  exactly  as  described 

After  complete  removal  of  the  chlorate 
ion,  wash  the  inside  of  the  crucible  with 
1.0  ml  of  Solution  No.  2[prepd  by  shaking 
vigorously  in  a 500  ml  amber  or  blue  glass 
bottle  ca  400  ml  distd  w with  1 g of  Fb(SCN)2, 
1 g SbjSj  and  1 g Pb(Nj)j,  allowing  to  stand 
overnight  and  filtering  a portion  of  iiq  re- 
quired for  analysis  into  another  smaller  bot- 


bottom  and  the  sides  of  crucible  on  the  out- 
side with  tissue  or  filter  paper  and  dry  the 
crucible  in  an  oven  at  80  + 1°  for  30  mins; 
cool  in  a desiccator  and  weigh.  Calc  % 
KClOj  on  a moisture-free  basis 

B x 100  _ 

% KClOj  = , where  B = loss  in  wt 

W 
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of  the  crucible  with  sample  and  W = wt  of 
moisture-free  sample 

c)Antimony  sulfide  content.  Weigh  accurately 
ca  1 g of  air-dried  sample  directly  in  a tared 
30  ml  sintered  glass  crucible  of  medium 
porosity.  Add  5 ml  of  1%  nitric  acid  and 
swirl  the  crucible  constantly  for  1 min  tak- 
ing care  not  to  spill  its  contents  in  order  to 
dissolve  the  bulk  of  the  ingredients  of  the 
compn  except  Sb  sulfide.  Filter  the  mixt  into 
a vacuum  flask  by  applying  suction,  remove 
the  crucible  from  adapter  and  wipe  the  bot- 
tom and  sides  dry  on  the  outside  with  tissue 
or  filter  paper.  Repeat  the  operation  of  wash- 
ing seven  more  times  making  a total  of  40  ml 
of  1%  nitric  acid  used.  Remove  the  crucible 
from  the  adapter  and  wash  it  on  the  outside 
with  a stream  of  distd  w.  Empty  the  suction 
flask  and  wash  it,  as  well  as  the  adapter 
with  a stream  of  distd  w.  Place  in  the  flask 
ca  1 ml  of  a satd  soln  of  ferric  ammonium 
sulfate[prepd  by  shaking  vigorously  in  a 
500  ml  bottle  125  ml  of  (NH4)2  Fe2(S04)4- 
24HjO  with  ca  120  ml  distd  w,  allowing  to 
stand  overnight  and  filtering  a portion  into  a 
smaller  bottle],  insert  the  adapter  with 
crucible.  Add  5 ml  of,l%  nitric  acid  and 
aspirate.  If  the  liq  in  the  flask  turns  red(due 
to  the  formation  of  ferric  sulfocyanate),  re- 
peat washing  of  residue  with  one  or  two  5 ml 
portions  of  1%  nitric  acid  and  test  again  for 
the  presence  of  the  sulfocyanate  ion 

Note:  If  more  than  50  ml  of  1%  nitric  acid  is 
required  to  complete  the  removal  of  the  sul- 
focyanate ion,  repeat  the  entire  proced  c, 
starting  with  a new  sample 

Rinse  the  crucible  and  contents  with 
factory  ale  and  then  with  eth.  Aspirate  un- 
til the  disappearance  of  the  eth  odor  and 
dry  the  ensemble  in  an  oven  at  80  ± 1°  for 
30  mins.  Cool  in  a desiccator  and  weigh. 

Calc  % Sbj  Sj  on  a moisture-free  basis 

% Sb2S5  - , where  C = wt  of 

W(1  - 0.01M) 

residue(Sb2 Sj)  in  the  crucible,  M = % moisture 


in  air-dried  sample  and  W = wt  of  air-dried 
sample  before  washing  it  with  1%  nitric  acid 

d) Lead  azide  content  — same  as  proced  d) 
in  Method  1 

e) Lead  sulfocyanate  content . Calculate  % 
Pb(SCN)j  content  in  the  sample  on  a mois- 
ture-free basis  by  subtracting  from  100  the 
sum  of  the  percentages  of  KC10,,  Sbs  and 
Pb(Nj)2 

II I) Anal ysi s of  Mixtures  Containing  Lead 
Azide,  Potassium  Chlorate,  Antimony  Sul- 
fide and  Carborundum(or  Glass).  As  examples 
of  such  mixts  may  be  cited:  Primer  Compo - 
sition  l:  KC103  33.4,  LA  28.3,  Sb2S,  33.2  & 
carborundum  5.1  %;and  Primer  Composition 
II:  KC103  15.4,  LA  33.4,  Sb2S}  21.1  & 

glass  30.1%. 

Methods  of  analysis  of  such  mixts  were 
developed  at  PicArsn  by  T.D.Dudderar  & 

E.F, Reese  and  described  in  Chem  Lab 
Rept  42863(1935).  These  methods  were  in- 
corporated in  the  US  Army  Spec  50-78-7 
(1946)  which  was  superseded  by  the  US 
Military  Spec  MIL— D— 2493(1950)  and  the 
Purchase  Description  PA— PD— 124(1953) 

Following  are  the  procedures: 

a) Moisture  content  — same  as  proced  a 
in  Item  II 

b) Potassium  chlorate  content.  TCeigh  ac- 
curately in  a small  (ca  15  ml),  previously 
ignited,  cooled  and  tared  Grooch  or  Selas 
crucible  ca  1 g moisture-free  sample.  Add 
3 ml  of  distd  w,  previously  satd  with  LA, 
at  temp  25  ± 2°  and  agitate  for  exactly 

1 min,  breaking  up(very  cautiously)  any 
lumps  with  a rubber  policeman  attached  to 
a glass  rod.  Apply  suction  and  repeat  the 
operation  5 times,  making  a total  of  six 
3 ml  extractions.  Rinse  the  sample  in  the 
crucible  with  a few  ml  of  ale  and  then' with 
eth;  dry  for  ca  15  mins  at  95°,  cool  in  a 
desiccator  and  weigh.  Save  the  residue  for 
the  next  proced 
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% KC10,  = Loss  in  wt  x 100  where  v = 

W 

wt  of  sample 

Note:  For  a mixt  contg  glass  instead  of 
carborundum,  four  3 nil  extractions  are 
sufficient 

c)Lead  azide  content.  Extract  the  residue 
of  proced  b with  5 ml  portions  of  satd  amra 
acetate  soln  at  ca  25°(hot  soln  must  not  be 
used  as  it  dissolves  Sb  sulfide  to  some  ex- 
tent), agitating  each  portion  for  ca  30  secs. 
Continue  the  washings  until  they  no  longer 
give  a yel  ppt  with  a few  drops  of  K bichro- 
mate soln.  The  use  of  more  than  60  ml  of 
amm  acetate  soln  should  be  avoided.  Wash 
the  residue  with  distd  w,  followed  by  a few 
ml  of  ale  and  then  eth.  Dry  for  ca  15  mins 
at  100  ± 10°,  cool  in  a desiccator  and  weigh 
Save  die  residue  for  the  next  proced.  Calcd 
on  a moisture-free  basis 


Loss  in  wt  x 100  , _ 

% LA  = when  w = wt 

W 

of  sample  used  in  proced  b) 


d)Anlimony  sulfide  content.  Treat  the  residue 
from  proced  c directly  in  the  filtering  cruci- 
ble with  cold  coned  HC1  until  nearly  all  the 
sulfide  is  removed.  This  can  be  approx 
judged  by  the  disappearance  of  hydrogen 
sulfide  odor.  In  order  to  remove  the  last 
traces  of  sulfide,  rinse  the  residue  with  hot 
coned  HC1.  Finally  wash  it  with  w,  ale  and 
eth  and  ignite  to  remove  separated  sulfur 
and  organic  matter;  cool  in  a desiccator 
and  weigh 


„ Loss  in  wt  x 100  , _ 

%Sb2S,  = , where  W = 

W 

wt  of  sample  used  in  proced  b) 


e )Carborundum  or  glass  content.  Subtract  the 
tare  of  ignited  empty  crucible(see  proced  b) 
from  the  wt  of  crucible  with  residue  after  the 
Sb  sulfide  detn  and  calculate  the  difference 
as  the  percentage  of  carborundum  in  the 
sample 


|V)Analysis  of  Mixtures  Containing  Lead 
Azide,  Potassium  Chlorate,  Antimony  Sul- 
fide, Glass  and  Shellac.  As  an  example  of 
such  mixts  may  be  cited  the  primer  compo- 
sition contg:  KClOj  14.0,  LA  33.0,  SbjS3 
21.0,  glass  30.0  & shellac  2.0%.  Its  method 
of  analysis  was  developed  at  PicArsn  by 
T.D.Dudderar  and  described  in  ChemLab 
Rept  49334(1937).  It  does  not  seem  to  be 
incorporated  in  any  specs 

Following  are  the  procedures: 

a) Moisture  content  — same  as  proced  a under 
Item  II 

b) Shellac  content.  Weigh  accurately  ca  2g 
moisture-free  sample  (dried  at  55°  for  30  mins) 
in  a tared  50  ml  beaker  and  add  5 ml  of 
absolute  alcohol(previousIy  satd  at  RT  with 
KC10S,  which  is  appreciably  sol  in  ale). 

Warm  cautiously  on  a steam  bath  over  a thin 
sheet  of  asbestos  for  15  mins,  breaking  up 
any  lumps  by  very  cautious  use  of  a rub- 
ber policeman  attached  to  a glass  rod.  Cool 
to  RT,  let  settle  and  decant  the  ale  shel- 
lac soln  through  a small  tared,  previously 
ignited  and  cooled,  30  ml  Gooch  or  Selas 
crucible.  Repeat  the  extraction  with  new 
portions  of  abs  ale  until  the  shellac  is  com- 
pletely removed(about  3 times).  Transfer 

the  residue  in  the  beaker  by  means  of  a rub- 
ber policeman  to  the  above  crucible,  rinse 
the  beaker  with  several  portions  of  chlf  into 
the  crucible  and  after  aspirating,  dry  the 
crucible  with  the  residue  at  55°  for  15  mins, 
cool  in  a desiccator  and  weigh.  Save  the 
residue  for  use  in  the  next  proced.  Calc  % 
shellac  on  a moisture-free  basis 

« cl  it  Loss  of  wt  in  the  crucible  x 100 

/o  onCllEC  — 

w 

where  W = wt  of  sample 

c) Potassium  chlorate  content.  Extract  the 
residue  of  previous  proced  with  distd  w satd 
with  LA,  etc  as  described  in  proced  b under 
Item  III 
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d) Lead  azide  content.  Extract  the  residue 
of  previous  proced  with  amm  acetate  soln, 
etc,  as  described  in  proced  c) under  Item  III 

e) Antimony  sulfide  content.  Extract  the 
residue  of  previous  proced  with  HCI,  etc, 
as  described  in  proced  djunder  Item  III 

f) Glass  content  — same  as  proced  e)  under 
Item  III 


V)Analysis  of  Mixtures  Containing  Lead 
Azide,  Barium  Nitrate,  Basic  Lead  Styph- 
nate  and  Antimony  Sulfide,  As  an  example 
of  such  mixts  may  be  cited  the  NOL  No  130 
Primer  Mixture  used  in  T—  32E1  and  M47 
Detonators:  LA(dextrinated)  20.0,  Ba(N03)2 
20.0,  LSt  (basic)  40.0,  tetracene  5.0,  & 
Sb2S3  15.0%,  Its  max  moisture  content  is 
0.3%.  The  method  of  analysis  of  such  mixts 
was  developed  at  PicArsn  by  J.Campisi, 
ChemLabRept  52-H1-21 14(1952)  and  was 
incorporated  in  the  Purchase  Descriptions 
PA— PD— 202(Rev  1)(1952)  and  PA-PD-124 
(1953) 


Following  are  the  procedures:* 

a)Moisture  content.  Place  ca  0,5  g of  air- 
dried  sample  into  a tared  weighing  bottle 
with  outside  ground  cap  and  reweigh  the 
ensemble  accurately.  Remove  the  cap  and 
heat  the  bottle  in  an  oven  maintained  at 
60  ± 5°  for  2 hrs,  cool  in  a desiccator  and 
re  weigh 


% Moisture 


Loss  in  wt  x 100 
= M 

TCc  of  sample 


b)Barium  nitrate  content.  Place  ca  0.5  g 
moisture-free  sample  in  a fared  20  ml, 
medium  porosity,  sintered  glass  crucible 
and  reweigh  the  ensemble  accurately.  Add 
3 ml  of  LA-satd  distd  w at  temp  5 ± 2°, 
agitate  by  swirling  for  exactly  1 min  and, 
if  necessary,  break  up  gently  any  lumps 
with  a rubber  policeman  attached  to  a glass 
rod.  Remove  the  liq  by  suction  and  repeat 
these  procedures  5 times,  making  a total  of 
six  3 ml  extractions.  Rinse  the  sample  in 


the  crucible  3 times  with  factory  alcohol 
(90—95%  by  vol),  dry  in  an  oven  at  60  ± 5° 
for  30  mins,  cool  in  a desiccator  and  weigh. 
Save  the  residue  for  the  next  proced.  Calc  % 
Ba(N03)2 


% Ba(N03)2 


Loss  in  wt  x 100 


W = wt  of  sample 


where 


c)Basic  lead  styphnate  content.  Extract  the 
residue  of  previous  proced  with  six  5 ml  por- 
tions of  satd  amm  acetate  soln  at  temp  not 
higher  than  25°«  Agitate  by  swirling  each 
portion  for  ca  30  secs,  allowing  the  liq  to 
remain  in  the  crucible  for  ca  2 mins  and  then 
remove  it  by  suction.  Finally  wash  the  resi- 
due with  w until  the  filtrate  is  colorless.  This 
treatment  dissolves  not  only  basic  LSb  but 
also  LA.  Transfer  quantitatively  the  extract 
and  washings  to  a 250  ml  volumetric  flask. 
Dilute  to  the  mark  with  distd  w and  mix  thor- 
oughly. Pipette  accurately  2 ml  of  this  soln 
to  a 50  ml  volum  flask  and  dilute  to  mark  with 
distd  w.  Fill  a "Corex’ ' glass  spectrophoto- 
metric  cell,  having  a width  of  ca  1 cm  with 
this  soln,  and  det  the  optical  density  of  com- 
bined styphnate  and  acetate  ions  at  a wave- 
length of  410  millimicrons  (azide  ions  do  not 
interfere  at  this  wavelength)  by  using  a 
''Quartz  Ultraviolet  Spectrophotometer’ ’ as 
described  in  the  Jour AmerOpticalSoc  31,  683 
(1941)  or  a "Beckman  Spectrophotometer 
Model  DU’’  . Fill  a 2nd  cell(which  is  identical 
in  optical  characteristics  as  the  1st  cell) 
with  straight  satd  amm  acetate  soln  and  det 
its  optical  density.  Save  the  crucible  with 
residue  for  detn  of  tetracene.  Calc  % basic 
LSt  on  a moisture-free  basis 


% Basic  LSt 


28(A  - B) 
W x D 


where  A = optical 


density  of  basic  LSt  soln,  B = optical  density 
of  amm  acetate  soln,  W = wt  of  sample  of  pro- 
ced b)(and  D = width  of  "Corex’ ’ cell  in  cm 


Note:  If  the  cells  are  not  identical,  it  is  neces- 
sary to  correct  the  optical  density  for  the  dif- 
ference in  the  amt  of  light  which  the  two  cells 
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scatter  and  absorb.  To  do  this,  fill  both 
cells  with  anuii  acetate  soln  and  measure 
the  optical  density  of  the  cel^whidi  origi- 
nally contained  the  basic  LSt  soln, at  a 
wavelength  of  410  millimicrons. 

d) T etracene  content . Wash  the  wet  residue 
of  previous  proced  3 times  with  factory 
aIc(90-95%  by  vol),  remove  ale  by  suction, 
dry  the  crucible  in  an  oven  at  60  ± 5°  for 
30  mins,  cool  in  a desiccator  and  weigh(C). 
Transfer  the  dried  residue  in  the  crucible 
to  a 125  ml  beaker,  with  a stream  of  distd 
w.  Add  25  ml  distd  w and  boil  the  slurry 

on  a hot  plate  for  5 mins.  Filter  through  the 
above  crucible,  wash  the  residue  3 times 
with  boiling  w and  then  with  factory  ale. 

This  treatment  removes  the  tetracene.  Dry 
the  crucible  & the  residue  in  an  oven  at 
60  ± 5°  for  30  mins,  cool  in  a desiccator 
and  weigh(D).  Calc  % Tetracene  on  a mois- 
ture-free basis 

_ (C-D)x  100 

%,  Tetracene  = , where  C = 

W 

wt  of  crucible  with  residue  after  completion 
of  proced  c , D = same  after  boiling  with  w 
to  remove  tetracene,  and  W = wt  of  sample 
of  proced  b 

e) Antimony  sulfide  content.  The  residue  in 
crucible  after  removing  all  other  ingredients 
of  sample  is  Sb^S3.  Calcd  on  a moisture-free 
basis 

(D-E)xiOO 

% Sb3  Sj  = , where  D = wt  of 

W 

crucible  with  sample(see  proced  d),  E = 
tare  of  crucible,  W = wt  of  sample  of  proced  b) 

f) Dextrinated  lead  azide  content.  Calculate 
by  subtracting  from  100  the  combined  per- 
centages of  Ba  nitrate,  basic  LSt,  tetra- 
cene and  Sb  sulfide 

Note:  LA  was  removed  from  mixt  together 
with  basic  LSt  on  treatment  with  satd  amm 
acetate(see  procedure  d) 


VI)Analysis  of  Mixtures  Containing  Lead 
Azide  and  Aluminum.  As  an  example  of  such 
mixts  may  be  cited  the  M4l  Primer  Mixture: 
LA  90  & A1  10%.  Its  method  of  analysis  was 
developed  at  PicArsn  by  F.Pristera  & L.May, 
ChemLabRept  113523(1945) 

Following  are  the  procedures: 

a) Moisture  content  — same  as  in  proced  a 
in  Item  11 

b) Aluminum  content.  Transfer  an  accurately 
weighed  ca  1 g moisture-free  sample  to  a 
150  ml  beaker  and  add  with  stirring  2 ml  of 
50%  ale,  followed  by  50  ml  distd  w,  3 ml 
glac  AcOH  and  5 ml  of  25%  Na  nitrite  soln. 
Cover  the  beaker  with  a watch  glass  and 
lift  it  as  soon  as  the  evolution  of  gas  sub- 
sides. Stir  the  mixt  and  allow  it  to  stand  for 
ca  3 mins  with  occasional  stirring.  Total 
reaction  of  destruction  of  LA  shall  not  last 
more  than  5 mins.  Decant  the  supernatant 
liquid  immediately  and  transfer  A1  residue 
quantitatively  to  a tared  sintered  glass  cruci- 
ble of  fine  porosity,  in  order  to  be  able  to 
retain  the  superfine  Al.  Wash  the  A1  in  the 
crucible  with  cold  w,  followed  by  acetone, 
dry  at  100°  for  30  mins,  cool  in  a desiccator 
and  weigh.  Calc  % Al  on  a moisture-free  basis 

% Al  = 1 1 , where  A = wt  of 

W 

crucible  with  Al,  B = wt  of  empty  crucible, 
and  W = wt  of  sample 

c) Lead  azide  content.  Subtract  from  100  the 
percentages  of  Al  and  of  moisture 

Refs  for  Analytical  Procedures  are  listed 
before  each  method  of  analysis 


« 
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Lithium  Azide  (formerly  called  Lithium 
Azoimide  or  Lithium  Trinitride),  LiNj,  mw 
48.96,  N85.83%;  anisotropic,  col  crysts,  rap- 
exp  1 115°  to  298°  (Ref  1);  sol  in  w (36.1%  at 
10°  and  66.47c  at  16°),  sol  in  ale  (20.3%  at 
16°)  and  insol  in  eth  (Ref  1);  Qj  ~2.58  kcal/ 
mol  at  298°K,  lattice  energy  194  kcal/mol 
at  298°K  (Ref  21).  Prepd  in  1898  by  Curtins 
& Rissom  (Ref  1)  by  the  action  of  a soln  of 
lithium  sulfate  on  barium  azide  and  evapn  of 
the  clear  liq.  In  the  same  year,  Dennis  & 
Benedict  (Ref  2)  prepd  lithium  azide  by  dis- 
solving lithium  hydroxide  in  hydrazoic  acid 
and  allowing  the  soln  to  evap  in  air.  They 
obtd  the  hydrated  salt  with  1 mol  of  water 
of  crystn,  LiNj-HaO  (Ref  3).  Hoth  & Pyl 
(Ref  8)  made  lithium  azide  by  interaction  of 
sodium  azide  and  lithium  chloride  in  aq  ale 
soln.  Frankenburger  & Zimmermann  (Ref  9) 
produced  LiN,  by  passing  02-free  N2  over  Li 
heated  to  SOO-OOO0.  Nitrogen,  contg  very 
small  amts  of  02  produced  a glow  in  the  gas 
in  immed  contact  with  the  solid  azide.  More 
recently  Hofman-Bang  (Ref  22)  prepd  99.5% 
pure  Li  azide  by  dissolving  NaNs  and  LiS04* 
HaO  in  water  and  adding  96%  ale.  The  filtrate 
from  this  mixt  was  evapd  to  near  dryness  on 
a w bath  and  finally  at  80°  in  an  oven.  Ac- 
cording to  Browne  & Houlehan  (Ref  4),  anhyd 
Li  azide  is  best  prepd  by  reacting  metallic 
Li  with  a liq  NH,  soln  of  Nh^Nj 

Dennis  & Benedict  (Ref  2)  claimed  that  Li 
azide  when  crystd  from  aq  soln  always  contd 
1 mol  of  w of  crystn  while  Curtius  & Rissom 
(Ref  1)  stated  that  Li  azide  and  Ba  azide 
were  both  obtd  without  water  of  crystn. 

Dennis  & Browne  (Ref  3)  prepd  both  azides 
contg  1 mol  of  w,  but  by  long  continued  drying 
over  coned  H2S04  they  dehyd  these  salts 
completely  to  the  anhyd  azides.  In  a study  of 
the  system  LiNs-water,  Roller  & Wohlgemuth 
(Ref  11)  found  that  LiNj  was  deposited  above 
68.2°,  LiN,-HaO  from  68.2  to  -31°  and  LiNs-~ 
4H20  from  —31°  to  the  eutectic  point  of 
-47.5°.  They  observed  a considerable  tendency 
to  supersatn  in  spite  of  inoculation  of  the 
system 

Explosive  Properties.  Li  azide,  although 


detond  with  difficulty,  propagates  at  a 
velocity  of  990  m/sec  (Ref  15).  Wohler  & 

Martin  (Ref  5)  obtd  an  expln  temp  of  245° 
for  0.02  g of  the  subsr  which  detond  violently 
after  5 sec,  but  this  compd  could  not  be 
detond  by  impact.  The  photochemical  decompn 
of  Na,  K & Li  azides  in  solns  irradiated  by 
UV  light  of  2537-X  wave  length  was  studied 
by  Bonnemay  (Refs  13).  For  low  concns  the 
reactn  was  homogenous  and  decompn  pro- 
ceeded at  a vel  proportional  to  the  conen, 
but  independent  of  the  cation.  At  high  concns 
the  vel  of  decompn  was  not  explained  by  a 
simple  law  (for  example  Beer’s  Law)  but 
showed,  after  an  induction  period,  that  reaction 
proceeded  by  chains  which  formed  at  the 
start  of  photolysis.  Crystalline  Li  azide  can 
be  initiated  to  expln  by  intense  electron 
streams  but  not  by  slow  neutron  bombardment 
(Ref  16) 

Other  Properties.  The  mol  refractions  of  Li, 

Na  and  K azides  were  detd  in  solns  of  varying 
concns  by  Petrikalns  & Ogrins  (Ref  12). They 
also  detd  the  density  and  refractive  index  for 
crystn  Na  and  K azides.  The  ionic  conductance 
of  solid  Li  azide,  as  detd  by  Jacobs  & Tom- 
kins (Ref  18),  obeyed  the  general  equation: 
logk  = log  A - (E/2.303RT)  where  k is  the 
specific  conductivity  in  ohm-1  cm"1;  A is  a 
constant  and  E is  activation  energy  in  kcal/ 
mol.  For  Li  azide  log  A “ 0.840,  E is  19.1 
and  T,  the  temp  range  300~370°K.  The  Raman 
Effect  of  crystn  Li  azide  was  detd  by 
Kahovec  & Kohlrausch  (Ref  14/,  the  observed 
frequency,  1368.7  cm"1,  corresponded  to  the 
oscillation  in  a linear  triatomic  molecule. 

The  chem  reaction  between  LiN,  and 
benzene  diazonium  chloride  has  been  de- 
scribed by  Huisgen  (Ref  20).  The  formation 
of  an  expl  Lithium  Boroazide,  LiB(N2)4,  a 
wh  solid  sol  in  ether,  easily  hydrolyzed  and 
very  sensitive  to  impact  and  pressure  was 
reported  by  Wiberg  & Michaud  (Ref  19).  This 
compd  was  obtd  oq  evapg  to  dryness  a mixt 
of  ether  solns  of  excess  HN,  and  LiBfi,;  Li 
azide  and  B azide  were  assumed  as  inter- 
mediate  products  in  the  stepwise  reaction 

The  reaction  between  Ba  and  Li  azides 


* 
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and  Ns  at  400~500°  and  280—320  atras  was 
studied  by  Ariya  & Prokof’eva  (Ref  17)  but 
no  expl  props  were  det’d.  Their  enthalpies 


n 1 in  a x 1 


kcal/mol  for  the  respective  azides.  (See 
also  refs  6,7,10&23) 

Refs:  l)T.Curtius  & J.Rissom,  JPraktChem 

58,  277(1898)  & JCS  76 II,  92(1899)  2)L.M. 
Dennis  & C.H. Benedict,  JACS  20,  226(1898); 
ZAnorgChem  17,  18(1898)  & JCS  74 II,  426 
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26  , 601(1904);  JCS  86 II,  558(1904)  & ZAnorg- 
Chem 40.  97(1904)  4)A.W.Browne  & A.E. 
Houlehan,  JACS  33,  1747(1911)  5)L.Wdhler 
& F. Martin,  ZAngChem  30,  33(1917);  JSCI 
36,  570(1917)  & CA  11,  3432(1917)  6)Gmelin, 
System  No  20(1927),  86  7)Mellor  8 (1928), 
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burger  & W.  Zimmermann.  ZPhysChera  10,  Abt 
B,  238(1930)  & CA  25,  642(1931)  10)L.F. 
Audrieth,  ChemRevs  15;  202(1934)  11)A.P. 

Roller  & J. Wohlgemuth,  CR  198,  1772(1934) 
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1939 II,  327  & CA  35,  3145-6(1941)  13)M. 
Bonnemay,  CR  215,  65(1942)  & CA  38,  5457 
(1944);  JChemPhys  41,  18(1944)  & CA  39, 
3205(1945)  and  JChemPhys  41,  113(1944)  & 
CA  40,  2384(1946)  14)L-Kahovec  & K.W. 
Kohlrausch,  Monatsch  77,  180(1947)  & CA 
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15) F.P. Bowden  & H.T. Williams,  ProcRoy 
Soc  208 A,  185(1951)  & CA  46,  5884-5(1952) 

16) F.P. Bowden  & K. Singh,  Nature  172,  378 

(1953)  & CA  48,  1003(1954);  ProcRoySoc 
227A,  28(1955)  & CA  49,  4991(1955)  17)S. 

M.Ariya  & E.  A. Prokof’eva,  SbornikStatei- 
ObschKhim  • , 9(1953)  « CA  48,  12522(1954) 

18) P.W.  Jacobs  & F.C. Tompkins,  JChem 
Phys  23,  1445(1953)  & CA  49,  15336(1955) 

19) E.Wiberg  & H. Michaud,  ZNaturforsch  9b, 
499(1954)  & CA  49,  767(1955)  20)R.Huisgen, 
Chimica(Switz)  10,  266(1956)  & CA  51,  16326 
(1957)  21)P.Gray  & T.C.Waddington,  Proc 

n _ OOC  A 1 r\S.  o.  o.  r~  A CA 

noyoou  , ±\j\j  400\ ±yj\j;  at  vii  *av  , 

12627&  15203(1956)  22)N.Hofman-Bang, 
ActaChem(Scand)  11,  581(1957)  & CA  52, 


6996(1958)  23)H.Rosenwasser,  USArmy 
EngrRe  s & DeveiopLabsRpt  1551-TR,  i 0(1 95  8) 
’'Hydrazoic  Acid  and  the  Metal  Azides'’  (a 
literature  survey) 


Magnesium  Diazide  (formerly  called  Magne- 
sium Azoimide  or  Magnesium  Trinitride, 
Mg(N3)2 , mw  108.37,  N 77.56%;  wh  ppt  sol 
in  w,  insol  in  eth  or  tetrahydrofuran.  The 
prepn  of  Mg  diazide  was  attempted  in  1898 
by  dissolving  tHs  mstnl  in  di I HNj , but  tht 
product  decompd  on  evapg  the  soin  and  was 
not  isolated  (Ref  1).  Turrentine  (Ref  2) 
studied  the  electrochem  corrosion  of  Mg  in 
Na  azide  soln  and  obtd  a wh  flocculent  ppt, 
probably  basic  magnesium  azide,  Mg(OH)N3, 
but  he  did  not  identify  the  product.  Browne 

Qw  Urt  111  aIioci  (D  of  2 \ re»^rvrt-<a/4  mAfall  lA 


Mg  reacted  vigorously  with  a liq  NHS  soln 
of  Amm  azide  to  form  Mg  azide;  however, 
this  compd  probably  united  with  NH3  to  form 
an  ammonate.  Wiberg  & Michaud  (Ref  6) 
obtd  Mg(N3)2  in  almost  quant  yield  from  an 
eth  soln  of  excess  HN,  and  a frozen  ether- 

Ja/twArtn  aaI  m a C U # 111  a rf  U An  /\n  K o AA  n 

UlVAHIily  OV111  as  A.  11  iUIAWLAVU  L/\.gUU 

below  0°  and  ended  in  about  30  min  at  RT. 
Distn  removed  the  excess  solvent  and  HNS. 
Mg  azide  was  found  to  deton  only  slightly  in 


flame  and  to  be  sensitive  to  moisture.  Ac- 
cording to  Wiberg  and  Michaud  (Ref  6)  it  can 
be  isolated  from  w only  as  Mg(OH)N3  and 

:* u i i : j : _ u : d t 
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Refs:  l)T.Curtius  & J.Rissom,  JPraktChem 

ooi/ioocn  b,  ire  7 Ati  oi/,iqoo\  o\t  w 

Turrentine,  JACS  33,  811(1911)  3)A.W.Browne 
& A.E. Houlehan,  JACS  33,  1750(1911)  4) 
Mellor  8 (1928),  350  5)Gmelin,  System  No 
27,  Teil  B,  Lieferung  1 (1939), 73  6)E .Wiberg 

& H. Michaud,  ZNaturforsch  9b,  501(1954)  & 


CA  49,  768(1955)  7)H.Rosenwasser,  USArmy 
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“Hydrazoic  Acid  and  the  Metal  Azides”  (a 
literature  survey) 


Manganese  Diazide  (formerly  called  Manganese 
Aizvimide  Or  muriguTitdxe  TTzriiinue),  iv3n(N3)a, 

mw  138.99,  N 60.47%;  wh  hygro  powd  easily 
hydrolyzed,  mp-expl  at  203  in  5 sec.  (Ref  5). 
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Ql  676  cal/g  (Ref  4),  -92.2  kcal/moi 

(Ref  4).  By  dissolving  Mn  in  dilHNj,  Curtius 
& Rissom  (Ref  1)  obtd  a basic  manganese 
azide,  Mn(OH)Nj,  but  the  soin  decompd  on 
evapn.  On  continuing  this  work,  Curtius  & 
Darapsky  (Ref  2)  found  that  an  aq  soln  of 
Mn  alum  and  Na  azide  on  pptn  with  ale  and 
eth  gave  the  basic  Mn  azide  previously 
obtd.  Wohler  (Ref  3)  studied  the  reaction  of 
Mn  carbonate  on  HN3  in  acet  and  obtd  Mn(N3)2 
which  was  not  as  easily  detond  as  Co 
azide  but  exploded  more  violently  than  Zn 
azide.  It  was  prepd  by  shaking  together  finely 
divided  dry  basic  Mn  azide  with  HN3  in 
acetone  until  the  solid  became  entirely  sol 
in  w (Ref  4).  The  expl  temp  for  a 0.02  g 
sample  to  det  in  5 sec  was  203°  and  a com- 
pressed sample  detond  under  impact  of  a 
2 kg  falling  wt  (Ref  5).  Franklin  (Ref  6)  re- 
ported that  Mn  azide  was  prepd  by  reactg  the 
metal  with  aq  hydrazoic  acid,  HN3 

Refs:  1)T. Curtius  & J. Rissom,  JPraktChem 

58,  261(1898)  & JCS  76 II,  90(1899)  2)T. 
Curtius  & A. Darapsky,  JPraktChem  61,  408 
(1900)  & JCS  7811,  474(1900)  3)L.Wdhler, 
ZAngChem  27  I,  335(1914)  & CA  9,  1115(1915) 

4) L. Wohler  & F. Martin,  Ber  50,  594(1917); 

JCS  1121,  383(1917)  & CA  11,  2901(1917) 

5) L.  Wohler  & F. Martin,  ZAngChem  30  I,  33 

(1917);  JSCI  36,  570(1917)  & CA  11,  3432 
(1917)  6)E.C. Franklin,  JACS  56,  569(1934) 

& CA  28,  2289(1934) 

Mercuric  Azide  (formerly  called  Mercuric 
Trinitride  (called  Quecksilberazide  in  Ger), 
Hg(N3)2,  mw  284.66,  N 29.52%;  clear  to  lemon 
yel  crysts,  existing  as  ortho  prisms  (stable 
a-form)  or  aggregates  terminating  in  prisms  or 
ndls  (abnormally  sensitive,  unstable  /3-form) 
(Refs  8&  12);  mp  — begins  to  dec  with  gas 
evofn  ca  212°,  bp  ca  215°,  expl  at  220°  (Ref 
3)  to  300°  (Ref  4);  si  sol  in  cold  w (0.26  g in 
100  g sol  at  20°),  sol  in  hot  w;  its  toxicity  is 
not  known  (see  Mercurous  Azide) 

It  was  first  prepd  in  1894  by  Berthelot  & 
Vieille  (Ref  1),  by  Wohler  (Refs  2 & 3)  and 
later  by  Stettbacher  (Ref  6)  all  essentially 
from  a soln  of  NaN3  decompd  by  coned  H3S04 


and/or  passing  the  HN}  formed  into  mercuric 
oxide  in  boiling  w.  The  HgO  was  quantitatively 
converted  to  Hg(N3)2  which  crystd  from  the 
slowly  cooled  soln.  An  alternative  method 
of  prepn  consisted  in  mixing  a coned  soln  cf 
NaNj  and  mercuric  nitrate;  Hg(N3)2  pptd  as 
wh  powdery  mass  was  less  sensitive  than 
LA,  but  according  to  Stettbacher  (Ref  6)  it 
could  be  converted  into  the  highly  sensitive 
/3-form  by  soln  and  crystn.  Alpha-Hg(Nj)a 
was  prepd  by  Miles  (Ref  8)  by  mixing  a satd 
soln  of  mercuric  chloride  with  an  equiv  soln 
of  NaNj  made  si  acid  with  hydrazoic  acid. 
According  to  Miles,  a mixt  of  a and  /3  crysts 
was  always  obtd  when  the  a azide  was  re- 
crystd  from  w or  acetone.  Stettbacher  (Ref  6) 
considers  the  prepn  of  mercuric  azide  as  one 
of  the  most  dangerous  and  treacherous  of 
chem  operations  as  this  subst  presents  one 
of  the  few  examples  of  "Crystal  Tension” 

(qv)  (Ref  7) 

According  to  Stettbacher,  mercuric  azide 
develops  the  same  vol  of  gas  on  deton  as 
MF  but  it  is  20  times  more  brisant.  Wohler 
& Krupko  (Ref  3)  observed  that  its  sensi- 
tivity depended  on  the  cryst  size  of  the  azide. 
Mercuric  azide  is  considered  to  be  more 
sensitive  to  impact  and  friction  than  MF  and 
is  so  unstable  that  it  frequently  undergoes 
spontaneous  deton  at  the  slightest  touch 
even  under  w (Refs  5 &7).  Hitch  (Ref  4) 
noted  this  sensitivity  expecially  when  the 
azide  was  prepd  from  mercuric  nitrate  and 
Na  or  K azide  solns  but  by  careful  thermal 
studies  he  decompd  it  quanty  into  its  elements 
without  expln  below  300°.  Miles  (Ref  8)  re- 
ported that  in  every  case  when  jS-crysts  of 
Hg(Nj)2  were  present  the  material  was  likely 
to  expl,  and  in  w or  more  rapidly  in  mercuric 
nitrate  soln,  the  /3-type  was  unstable  being 
transformed  to  the  a-type,  as  in  the  parallel 
case  of  LA. 

Klatt  (Ref  10)  studied  the  bp  rise  of  solns 
of  Hg(Nj)2  in  HF  (hydrogen  fluoride)  and 
found  indications  that  3 ions  per  mol  were 
formed:  HgN6H2++  and  2F- 

The  ignition  of  Hg(N3)2  by  exposure  to  the 
intense  light  produced  from  a photographic 
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"electron”  flash  bulb  at  6 cm  dist  was  detd 
by  Eggert  (Ref  11)  as  requiring  300  w-sec 
elec  energy.  Wohler  (Ref  2)  observed  chat 
Hg(Nj)a  remained  unchanged  in  the  dark  under 
water  hut  on  exnosure  to  sunlipht  or  heat  the 

’ 1 O’  ' - — -- 

yel  color  changed  successively  to  orange, 
brn,  black  and  finally  grey,  yielding  the 
metal 

A compd  called  in  Ger  Ammon-basisches 
Mercuriazide,  Hg2J\N3,  was  obtd  by  Strecker 
& Schwinn  (Ref  9)  as  yel  crysts,  insol  in  w 
or  sic,  which,  dstond  yiolsntly  on 
or  on  impact.  It  was  prepd  by  several  methods, 
one  of  which  was  the  dropwise  addn  of  coned 
NHj  to  a soln  of  mercuric  azide  in  hot  w,  as 
long  as  any  yel  ppt  formed,  followed  by  fil- 
tration  and  drying.  The  second  crop  of  crysts 
were  obtd  by  heating  the  mother  liquor  on  a 

i i r: i _ ^ l _ _ ^ 
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Refs:  1)M.  Berthelot  & P.Vieille,  AnnChim 

DU..O  r-71  'i  22Cl/10nXN  Op  D . . M t?  , T 2I  11  A ~7 
* Atjr  j l / j *,  J J s\ -*■  uy"!  j yt  uum  i ljj  ■ ■ , /t/ 

(1894)  2)L. Wohler,  ChemZtg  35,  1096(1911) 

& CA  6,  2895(1912)  3)L. Wohler  & W.  Krupko, 

Ber  46,  2056-7  (1913)  & JCS  104  II,  703(1913) 
4)A.R. Hitch,  JACS  40,  1202  (1918)  & CA  12, 
1951(1918)  5)B.Oddo,  AnnalChimAppl  11, 
165-98(1919)  (A  monograph  on  prepn,  props 

I*.  _ _ _ I ? - * \ a.  4 1 O 1/  1 At  A\  /V  i 

<x  luaiiuiiy;  <x  u,  jv l L\±y Ly)  o)s\m 

Stettbacher,  SchweizChemZtg  27  , 273*4(1920); 
CA  14,  3531(1920)  fc  SS  15,  211-2(1920)  7) 

Mellor  8 (1928),  351  8)F.D.Miles,  JCS  1931, 
2536  & CA  26,  848(1932)  9)W.Strecker 
& E. Schwinn,  JPraktChem  152,  214(1939)  & 

CA  33,  5314(1939)  10)W.Klatt,  ZPhysChem 
185A,  306(1939)  & CA  34,  1899(1940)  li)j. 
Eggert,  Naturwissenschaften  40,  55(1953)  & 

r A A7  1 I 7*V10S*\  17UJ  TIC 

* * j **  f **./!  J.*vV^\,nn  aOuJUi, 

ArmyEngrRes  & DevelopLabsRpt  1507-RR,  18 
(1957) 


Mercurous  Azide  (formerly  called  Mercurous 
I rinitride)  (called  Stickstoffquecksilberoxydul 
or  Stickstoffcalomel  in  Ger),  HgNj,  mw  242.63, 

M 1*7  I'irr/.  ...k  < — : _ J1  1 

tt  it  i a uvuvpi  v nuiat  mp  — diaucu 

to  dec  with  evoln  of  gas  at  215°,  expl  at 
270  (Ref  8);  0e_pij.  266  eal/g  or  64(4  kcal/ 
mol  (Ref  7);  Qf  70.2(Ref  21)  to  77.3  keal/mol 
(Ref  19);  v si  sol  in  w (0.025  g)  in  100  g 


(Ref  6).  According  to  Sax  (Ref  22),  mercurous 
azide  is  highly  toxic.  When  heated  it  emits 
fumes  of  Hg  and  may  expl  on  exposure  to 
light  or  heat 

Tn  1800*1  f"!itrriuK  fR  pf  s I A 71  nrprvl  HoN. 
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by  rea.ctg ’solns  of  HN3  or  Na  azide  with 
HgNOj  to  ppt  the  azide  (Ref  2a).  Berthelot 
& Vieille,  prepd  it  by  adding  a dil  aq  soln 
of  NH,Nj  to  HgNOj  followed  by  washing  the 
product  (Ref  3)  and  later  aiso  Wohler  & 
Krupko  (Ref  6)  who  detd  some  of  its  expl 
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According  to  Curtius  (Ref  2),  HgN3  is  more 
stable  than  either  Ag  or  Pb  azide  but  it  does 
become  yel  on  exposure  to  light  and  yields 
a blk  compd  with  aq  NHj.  Wohler  (Ref  5) 
observed  that  HgNj  turned  yel  because  of 
the  formation  of  colloidal  Hg;  the  yel  color 
passed  to  orange,  brn,  bick  and  finally  to 
grey  when  exposed  to  light.  In  darkness, 
Wohler  & Krupko  kept  the  salt  under  water 
for  several  months  without  change;  the  dry 
salt,  in  vacuo  and  darkness,  did  not  change 
in  24  hrs  at  120-140°(Ref  6).  Wbhler  & Martin 
(Ref  7)  reported  an  expl  temp  of  281°  in  5 
sec  for  a 0.02  g sample  and  deton  of  a com- 
pressed sample  under  impact.  Taylor  &. 

P IrxUo^k^k  CD  c(  114  «.kf>  f~ll ,.~1 
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for  sensitivity  to  impact  and  friction: 


SENSITIVITIES  OF 
DETONATING  COMPOUNDS 

HgN3  Pb(N3)2  AgN3 
Impact  T est,  US  BM  App: 

500  kg  wt, 

0.02  g sample,  cm  6 43  41 

Pendulum  Friction  Test:  (10%  point  for  min  wt 
and  height  to  cause  expln) 

AAA*.  A w*  L-o.  1 C\  A*  A 

“■©  A V.-T  J J J . 

Fall,  cm  50  37.5  33 

Swings,  No  16-17  12  39 

(See  also  Refs  13,14,16&18  for  addl  info  on 
prep  & props) 

Noaaack  « Groscn  (Ref  20)  caica  the  expin 
temp,  measured  the  gas  press  produced  and 

obtd  the  energy  output  from  HgN3  in  primers 
set  off  in  a closed  bomb.  For  a 1 g compressed 
charge,  they  obtd  an  expln  press  value  of 
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10,900  kg/sq  cm  (Ref  20) 

Infrared  absorption  spectra  of  HgNs  in  the 
range  3 to  19  microns  were  obtd  by  Delay  et 
al  (Ref  17).  The  formation  of  a complex  salt 
involving  Hg+  azide,  [Hg(CaH,N)]  (N3)a,  is 
described  by  Strecker  & Schwinn  (Ref  15) 
Uses.  The  great  sensitivity  of  certain  metal- 
lic azides  to  heat,  impact  and  friction  sug- 
gested their  possible  use  as  detonants.  As 
early  as  1893  (Refs  5 & 14),  the  Prussion 
Govnt  investigated  mercurous  and  other 
azides  for  their  possible  application  in  det- 
onators and  Wdhler  & Martin  (Ref  7)  detd  the 
min  amt  of  the  various  azides  necessary  to 
initiate  deton  in  different  HE*s,  as  follows: 

INITIATION  EFFICIENCY  OF  AZIDES 


Min  Ami  of  Initiator  Reqd  to 
Detonate  EE 


Initiator,  g 

Tetryl 

PA 

TNT 

TNA 

TNX 

Cd  azide 

0.01 

0.02 

0.04 

0.1 



Ag  azide 

0.02 

0.035 

0.07 

0.26 

0.25 

Pb  azide 

0.025 

0.025 

0.09 

0.28 

_ 

Cu+  azide 

0.025 

0.045 

0.095 

0.375 

0.40 

Hg+  azide 

0.045 

0.075 

0.145 

0.55 

0.50 

T1  azide 

0.07 

0.115 

0.335 

— 

— 

Mercurous  azide,  although  ranking  5th  in 
the  above  comparative  efficiency  rating,  was 
suggested  by  Wohler  & Martin  (Ref  7)  and  pro- 
posed by  others  (Refs  4,9, 10  & 12)  as  a con- 
stituent of  priming  mixts  for  use  in  deto- 
nators. Grotta  (Refs  9&  10)  patented  a mixt 
of  HgNs/MF/KClO,-20/ 60/20%.  He  claimed 
that  it  had  great  brisance,  was  not  readily 
"dead  pressed"  and,  unlike  other  mixts 
contg  MF,  it  was  not  hygroscopic  nor  rend- 
ered ineffective  by  moisture.  It  was  claimed 
further  that  this  mixt  does  not  attack  copper 
to  form  the  dangerous  Cu  azide,  thus  pro- 
viding an  advantage  over  Pb  azide  which  does 
react  with  copper  [Also  see  patents  by 
Blechta  (Ref  12)1 

Refs:  l)T.Curtius,  Ber  23,  3032(1890)  & 

JCS  60  1,  56(1891)  2)T.Curtius,  Ber  24, 
3345(1891)  & JCS  62 1,  112(1892)  2a)T. 
Curtius,  & J.Rissom,  JPraktChem  58  II, 


261(1898)  & JCS  76  II,  91(1899)  3)M. 

Berthelot  & P.Vieille,  AnnChemPhys  [7]  2, 
339(1894)  4)L. Wohler,  GerP  196824(1907) 

& CA  2,  2302(1908)  5)L. Wohler,  ZAngChem 

24,  1111  & 2089(1911);  SS  6,  253(1911)  & CA 
5,  3730(1911)  6)L. Wohler  & W.Krupko,  Ber 
46,  2050(1913)  & JCS  104 II,  702(1913)  7) 

L, Wohler  & F.Martin,  a)Ber  50,  595(1917); 

JCS  1121,  383(1917)  & CA  11,  2900(1917); 
b)ZAngChem  30 1,  33(1917);  JCS  112  U,  466 
(1917);  JCSI  36,  570(1917)  & CA  11,  3432 
(1917)  and  c)SS  12,  1,18,39,54  & 74(1917)  & 

CA  12,  629(1918)  8)A.R.Hitch,  J ACS  40, 
1201(1918)  & CA  12,  1951(1918)  9)B. Grotta, 

a) USP  1439099(1922)  & CA  17,  883(1923); 

b) USP  1453976(1923);  JSC  I 42,  804A(1923) 

& CA  17,  2506(1923);  c)CanP  246338(1925); 
ChemZtr  19261,  553 &CA  19,  1349(1925)  10) 

B. Grotta,  IEC  17,  134(1925)  11)C. A.Taylor 
& W.H. Rinkenbach,  JFranklnst  204,  374(1927) 
12)F.  Blechta,  AustrP  126,150(1931)  & CA 
26,  2320(1932);  FrP  704,994(1931)  & Chem- 
Ztr 19321,  1325  13)Mellor  8 (1928), 351  14) 

L.F.Audrieth,ChemRevsl5,  204-14(1934) 
15)W.Strecker  & E. Schwinn,  JPraktChem  152, 
205-18(1939)  & CA  33,  5314(1939)  16)Davis 
(1943),  183,411,412 &42G  17)A.Delay  et  al, 

CR  219,  329(1944)  & CA  40,  4273-4(1946); 
BullFr  12,  581(1945)  & CA  40,  2386(1946) 

18) Kirk  & Othmer  6 (1951),  19  & 7(1951),  594 

19) S.Suzuki,  JChemSoc Japan,  PureChemSect 
73,  278(1952)  & CA  40,  6907(1952)  20)W. 
Noddack  & E.  Grosch,  ZElectrochem  57,  632 
(1953)  & CA  49,  8602(1955);  Explosivst  4, 
69(1956)  & CA  51,  9162(1957)  21)P.Gray 

& T.C.Waddington/'ComptesRendues,  27e 
Congr  InternChimInd,Brussells  1954, '3 
IndustrieChimBelge  20,  Spec  No,  327-30(1955) 

& CA  50,  16328(1956);  ProcRoySoc  235A, 
106(1956)  & CA  50,  12627(1956)  22)Sax 
(1957),  865 

Nickel  Dioxide  (formerly  called  Nickel  Tri- 
nitride or  Nickel  Azoimide),  Ni(N3)a,  mw 
142.76,  N 58.88%;  sandy,  hygr  grn  pdr,  mp- 

expl  ca  200°,  QP  656  cal/g(Ref  4),  QP 
^ f 

—91-9  kcal/mol  (Ref  4);  very  sol  in  w which 

it  holds  tenaciously  (ca  13%)  but  soon  undergoes 
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hydrolysis  (Ref  4).  In  1898  Curtius  & Rissom 
(Ref  1)  obtd  Basic  Nickel  Azide,  Ni(OH)N,, 
with  some  Ni(Ns)2  (?)  by  reacting  nickel 
carbonate  with  aq  HNj.  It  was  a grn  cryst 
compd  exploding  at  247-71°,  Curtius  & 
Darapsky  (Ref  2)  continuing  this  work  found 
chat  solns  of  Ni  alum  and  Na  azide,  pptd  with 
ale  and  eth,  produced  the  neutral  Ni(Ns)2  + 

H20.  Wohler  & Martin  (Ref  4)  obtd  Ni  azide 
by  shaking  together  finely  divided  Ni  car- 
bonate or  the  basic  Ni  azide  with  an  ethereal 
soln  of  HN,  until  the  solid  became  partly  sol 
in  w.  Franklin  reported  (Ref  10)  that  Ni  azide 
was  formed  by  reacting  the  metal  with  aq 
hydrazoic  acid,  HN3.  Ni  azide  is  a very  sen- 
sitive expl,  detong  violently  even  at  the 
slightest  touch  (Ref  5) 

Dennis  & I sham  (Ref  3)  prepd  the  addn 
compds,  Ni(Nj)a(C,  Hs  N)4  and  Ni(C6Hs  N)e,  as 
grn  ppts  by  treating  Ni  azide  with  pyridine. 
Both  compds  were  unstable  in  air  and  non 
expl.  Browne  et  al  (Ref  6)  obtd  an  Ammono- 
basic  Nickel  Azide  by  electrolyzing  solns  of 
NH4  azide  in  liq  NH3,  using  Ni  electrodes. 

The  pink  deposit  which  formed  on  the  elec- 
trodes exploded  on  heating.  It  turned  grn  on 
treatment  with  w,  gradually  dissolved  and 
settled  out  as  an  expl  ppt.  Ricca  & Pirrone 
(Ref  8)  prepd  an  addn  compd  from  1 volof  15% 
NiSO*  and  3 vols  of  a 5%  aq  soln  of  a compd  obtd 
by  mixing  equal  vols  of  satd  aqHg(CN)2and 
NNaNj.  The  grn  compd,  Hg(CN2)2*Ni(Nj)2,  did 
not  explode  when  heated.  It  blue  solid,  sol 
in  w and  exploding  violently  was  described  by 
Strecker  & Schwinn  (Ref  11).  This  complex 
compd  called  Hexamminenickel  Azide,  [Ni 
(NHj)6](Ns)2,  is  listed  in  Table  E under 
Ammines  (See  also  Refs  7&9).  Double  salts, 
such  as  Ni(N3)2-NH4N3  and  Ni(N3)2’KN3,  have 
been  reported  (Refs  1&4) 

Refs:  l)T.Curtius  & J. Rissom,  JPraktChem 

58,  299(1898)  & JCS  76  II,  92(1899)  2)T. 
Curtius  & A.  Darapsky,  JPrakt  Chem  61,  418 
(1900)  & JCS  78  II,  474(1900)  3)L.M.Dennis 
& H.Isham,  JACS  29,  21(1907)  & CA  1,  528 
(1907)  4 )L. Wohler  & F. Martin,  Ber  50,  593 
(1917);  JCS  112  I,  383(1917)  & CA  11,  2900 
(1917)  5)L. Wohler  & F. Martin,  AngChem  30  I, 


35-9(1917);  JSCI  36,  570(1917)  & CA  11, 
3432(1917)  <$)A.W. Browne  et  al,  JACS  41, 
1775(1919)  & CA  14,  28(1920)  7)MelIor  8 
(1928),  355  8)B. Ricca  & F. Pirrone,  Gazz 

59,  564(1929)  & CA  24,  309(1930)  9)L.F. 
Audrieth,  Chem  Revs  15,  199-200(1934)  10) 

E.C.Franklin,  JACS  56,  569(1934)  & CA  28, 
2289(1934)  1 1)W. Strecker  & E, Schwinn, 

JPrakt  Chem  152,  217(1939)  & CA  33,  5314 
(1939) 
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Nitrosyi  Azide,  NON,,  mw  72.04,  N77-79%> 
yel  unstable  compd  (above  -50°),  mp  —66 
to  —57  depending  on  method  of  prepn;  bp 
1.5°  (extrapolated  value);  Qvapzn  5.6  kca  1/ 
mol;  vapor  pressure  30  mm  at  -66°,  60  mm 
at  —58°  and  200  mm  at  -32°  represented  by 
log  p - 7.306  — 1215.6/T  where  p = mm  press 
and  T = degrees  Kelvin;  Trouton  constant 
20.2 

Nitrosyi  azide  was  first  prepd  in  1957  by 
H.W.Lucien  [Ref  JACS  80,  4458-60(1958)1 
from  the  reactions  between:  a)NaN,  and 
nitrosyi  chloride  b)NaN,  and  nitric  acid,  c) 
NaN,  and  nitrosyi  hydrogen  sulfate  and  d) 
hydrazoic  acid  and  nitrosyi  hydrogen  sulfate 
at  temps  below  -30°.  It  was  necessary  to  ex- 
ercise due  precaution  against  explns  in  all 
reactions.  Successful  prepns  were  obtd  only 
when  the  reagents  were  slowly  mixed  at  the 
lowest  practical  temp  and  gradually  warmed 
to  the  desired  reaction  temp.  According  to 
Lucien,  explns  occurred  at  least  once  in 
each  reaction  type  except  in  those  experi- 
ments in  which  either  ether  was  used  as  a 
solv  or  anhyd  NaN,  was  used.  Of  seven  at- 
tempts to  treat  NaN,  with  nitrosyi  hydrogen 
sulfate,  only  two  were  successful.  Almost 
the  same  record  of  success  was  reported  for 
the  reaction  between  NaN,  and  wh  fuming 
nitric  acid.  Low  yields,  not  exceeding  6%, 
were  attributed  to  the  instability  of  NON, 
and  to  the  slow  and  incomplete  reactions  by 
which  it  was  prepd.  The  yields  of  the  various 
reactions  decreased  in  the  order: 

NOHS04  + NaN, 

NOC1  + NaN,  (moist) 

HaS04/HN0,(l:l)  + NaN, 

HNO,  (70%)  + NaN, 

NOHS04  + HN, 

NOC1  (anhyd)  + NaN, 

Although  the  extremly  low  yields  (1%)  in  the 
last  reaction  were  increased  (to  5%)  by  adding 
water,  excessive  water  resulted  in  reactions 
difficult  to  control 

Nitrosyi  azide  was  characterized  by  con- 
ventional analytical  data  and  a study  of  its 
decompn  into  equimolar  quants  of  nitrous 


oxide  and  nitrogen.  The  infrared  spectra  of 
samples  from  each  of  the  procedures  of  prepn 
were  compared  and  all  showed  similar  ab- 
sorption patterns.  No  other  properties  of 
NON,  were  reported 


Phosphorus-Nitrogen  Azide,  [PN(Nj)2]j,  raw 
387.09,  N 75-99%,  col  oil,  insol  in  w,  sol  in 
org  solvs,  stable  to  alkali,  decompd  by  coned 
HNO,.  It  was  prepd  by  reacting  (PNCI2),  with 
Na  azide  in  acetone  under  N2  to  form  the 
trimeric  phosphonitrile  azide  which  was  readily 
detond  by  friction 

Refs:  l)C,Grundmann  & R.Ratz,  ZNaturforsch 

10b,  116-7(1955)  & CA  49,  13007(1955)  2)H. 
Rosenwasser,  USArmyEngrRes  &DevelopLabs 
Rpt  1551-TR,  49(1958)  '‘Hydrazoic  Acid  and 
the  Metal  Azides”  (a  literature  survey) 

Potassium  Azide  (formerly  called  Potassium 
Trinitride  or  Potassium  Azoimide),  KN,,  mw 
81.12,  N 51.80%,  wh  tetrag  crysts  (Refs  2,12  & 
50);  mp  3 20° (Ref  7),  343°(Ref  13),  350°(Refs 
I0&48)  and  decompg  355°- 360°  (Refs  2,7& 

13);  d 2.038  g/cc  (Ref  12),  2.045  g/cc  (ealed 
in  Ref  12)  and  2.056  g/cc  (Ref  14);  Qf  0.33 
kcal/mol(Ref  45)  Qhydracion  157  kcal/mol 
(Ref  45),  ionic  conductance  of  crysts,  E = 

30.1  kcal/mol  in  temp  range  390— 500°K  for 
log  A =4.59  in  equation  log  k = log  A - (E/ 
2.303RT)  (Ref  42).  KN,  is  sol  in  w (49- 2 g in 
100  g solv  at  17°),  si  sol  in  ale  (0,14g  in  lOOg 
solv  at  16°),  insol  in  eth  (Ref  2)fand  its  soly 
in  NH,  is  considerable  and  approx s that  of 
KBr;  in  liq  S02  potassium  azide  the  salt 
becomes  yel  and  explodes  (Ref  5)-  The  re- 
fractive index  and  conductivity  of  aq  soins 
and  soly  of  KN,  in  ale,  w and  benz  were 
detd  by  Cranston  & Livingstone  (Ref  14). 

The  density,  refractive  index  and  mol  re- 
fraction of  crystn  K azide  also  have  been 
reported  (Ref  27).  According  to  Sax 
(Ref  49)  its  toxicity  is  similar  to  that 
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of  other  azide  Sj  its  expln  hazard  is  moderate 
but  it  must  be  considered  a dangerous  mate- 
rial. 

Potassium  azide  was  claimed  to  be  first 
prepd  in  1898  by  Dennis  & Benedict  (Ref  lb) 
and  in  the  same  year  by  Curtius  & Rissom 
(Ref  2),  both  by  methods  involving  evapn  of 
a soln  of  KOH  neutralized  with  a slight  ex- 
cess of  hydrazoic  acid,  HN3.  This  same 
method  of  prepn  was  described  in  1894  by 
Dennis  (Ref  la).  Browne  & Houlehan  (Ref 
3)  obtd  KNj  by  reactg  metallic  K with  NH4N3 
in  liq  NHj.  Other  methods  of  prepn  are  de- 
scribed by  Hoth  & Pyl  (Ref  16),  Moldenhauer 
& Mbttig  (Ref  17),  Wattenburg(Ref  17a), 
Franklin  (Ref  19),  Audrieth  et  al  (Refs  21, 

30 & 37)  and  others  (Refs  15,22,  29,  39&51) 

According  to  Curtius  & Rissom  (Ref  2),  K 
azide  was  neither  volatile  nor  hygro.  When 
heated  the  salt  melted,  boiled  and  gave  off 
nitrogen;  the  residue  inflamed  with  a feeble 
deton.  It  did  not  explode  under  impact  of  a 
hammer  (Ref  8).  Hitch  (Ref  9)  studied  the 
slow  thermal  decompn  at  high  temps  and 
found  that  K azide  behaved  similarly  to 
Ba  azide,  depositing  metallic  K,‘but  not  de- 
compg  violently  enough  to  break  the  apparatus. 
Audubert  (Ref  26)  reported  an  energy  of 
activation  of  20-22 k cal/mol  for  its  thermal 
decompn;  Garner  & Marke  (Ref  24)  36.1  kcal/ 
mol  with  decompn  appreciable  at  220°  in 
the  presence  of  K vapor, and  in  vacuo  decompn 
occurred  in  two  stages  at  330-350°  (see  Ref 
32).  Jacobs  & Tompkins  (Ref  41),  who  also 
observed  that  decompn  was  catalyzed  by  a 
constant  vapor  pressure  of  K,  proposed  a 
mechanism  for  its  decompn  and  detd  a value 
of  41.5  kcal/mol  as  the  energy  reqd 

The  photo-chemical  decompn  of  aq  solns 
of  K azide  was  accompanied  by  intense  UV 
(emission)  (Refs  25,28, 33,34,  & 35).  Tompkins 
& Young  (Ref  46)  noted  that  color  centers 
developed  and  the  salt  decompd  into  its  ele- 
metns  when  freshly  pptd  K azide  was  ir- 
radiated with  UV  light.  In  studying  the  elec- 
trolysis of  aq  K azide  solns,  Audubert  & Racz 
(Ref  31)  observed  that  low  intensity  UV  radi- 
ation appeared.  The  Raman  Effect  of  both 


cry st  and  K azide  in  soln  has  been  reported 
by  Kahovec  & Kohlrausch  (Ref  38).  Wohlge- 
muth (Ref  20)  studied  the  KN3-H20  system 
and  found  the  eutectic  at  -12.9°  contained 
26.2%  KNj.  The  satd  soln  contained  29.3% 

KN3  at  0°,  51.4%  at  100°  and  formed  no  hy- 
drate. The  optical^props  of  K azide  solns 
were  reported  by  Angstrom  (Ref  6) 

The  structure  of  the  K azide  mol  has  been 
studied  by  Frevel  (Ref  23)  and  others  who 
have  obtd  diffraction  data  (Ref  36),  neutron 
diffraction  measurements  (Ref  40)  and  its 
mol  refraction  (Ref  43) 

According  to  Browne  & Heel  (Ref  11)  K 
azide  reacts  with  iodine  in  the  presence  of 
carbon  disulfide  to  form  K iodide  and  liberate 
nitrogen.  When  manganese  dioxide  is  gently 
heated  with  K azide,  the  reaction  proceeds 
with  considerable  violence  forming  K manga- 
nate  (Ref  4).  These  authors  also  used  K azide 
impregnated  paper  to  detonate  Ag  azide  in  a 
lecture  demonstration.  According  to  Mellor 
(Ref  18),  R.Stan  studied  the  reduction  of  K 
azide  by  chromous  salts 

The  mechanism  of  K azide  formation  with 
labeled  Nls  and  its  reactions  are  discussed 
by  Clusius  et  al  (Refs  44  & 47). 

Potassium  azide  can  be  used  for  the 
qualitative  detection  of  thorium  and  for  its 
quantitative  detmn  either  alone  or  in  the 
presence  of  other  rare  earths  (Ref  la) 

Refs:  la)L.M, Dennis,  AmChemJ  16,  79-83 

(18  ) & JCS  66  II,  256(1894);  JACS  18,  947- 
52(1896)  & JCS  72  II,  232(1897)  lb)L.M. 
Dennis  & C.H.  Benedict,  JACS  20,  227(1898); 
ZAnorgChem  17,  18-25(1898)  & JCS  74  II, 
426(1898)  2)T. Curtius  & J. Rissom,  JPrakt 
Chem  58,  279(1898)  & JCS  76  II,  91(1899) 
3)A.W. Browne  & A. E. Houlehan,  JACS  33, 
1749(1911)  4)H. Goldberg,  JACS  34,  886-90 
(1912)  & CA  6,  3236(1912)  5)F. Friedrichs, 

ZAnorgChem  84,  390(1914)  6)A. K. Angstrom, 

ZPhysChem  86,  525-8(1914);  JCS  106  II,  229 
(1914)  & CA  8,  1538(1914)  7)E.Tiede,  Ber 
49,  1745(1916)  8)L. Wohler  & F.Martin,  ZAng 

Chem  30 1,  33-9  (1917);  JSCI  36,  570(1917)  & 
CA  11,  3432(1917)  9)A.R. Hitch,  JACS  40, 
1195(1918)  & CA  12,  1951(1918)  10)W.R. 
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Hodgkinson,  BritP  129152(1918)  & CA  14, 
605(1920)  ii)A.  w.Browne  & A.B.Hoel, 

JACS  44,  2106  & 2117(1922)  & CA  16,  4154 
(1922)  12)S.B. Hendricks  & L.Pauling,  JACS 

47,  2908(1925)  & CA  20,  318(1926)  13)R. 
Suhrmann  & K.Clusius,  ZAnorgChem  152,  56 
(1926)  & CA  20,  1962(1926)  14)A.Cranscon 
& A. Y. Livingstone,  JCS  1926,  502  15)MelIor 
8 (1928),  347  l6)V.Hoth  * G.Pyl,  ZAngChera 
42,  888(1929)  & CA  23,  5547(1929)  17)W. 
Moldenhauer  & H.Mottig,  Ber  62 B,  1954*9 


(1929)  & CA  24,  1300(1930)  17a)H.Watten- 
berg,  Ber  63B,  1667-72(1930)  & CA  24,4998 


/mm  2/Co 

JVU 


Franklin,  JACS  56,  568-71(1934)  & CA  28, 
2289(1934)  20)J.Wohlgemuth,  CR  199,  601- 
3(1934)  & CA  28,  7129(1934)  21)L.F.Audrieth, 
ChemRevs  15,  199& 202(1934)  22)Gmelin, 
System  No  22,  Teii  2 (1936),  247-50  23)L. 

K.Frevel,  JACS  58,  779*82(193 6)  & CA  30, 
4756(1936)  24)W.E.Garner  & D.J.Marke, 

JCS  1936,  657-64  & CA  30,  6270(1936)  25) 

R.  Audubert  & H.Muraour,  CR  204,  431(1937) 

& CA  31,  2518(1937)  26)R. Audubert,  CR 
204,  1192(1937)  & CA  31,  4210(1937)  27) 
AiPetrikain  Si  B.Q<*rins,  Radiolo^ica  3, 
201(1938);  ChemZncr  1939  II,  327  & CA  35, 
3145-6(1941)  28)R. Audubert,  TransFarad 
Soc  35,  197-204(1939)  & CA  33  , 2806-7(1939) 
29)A. Chretien  & O.Hoffer,  BullFr  6,  1587 


/tnw\  d.  r a iicnno>(rt\ 

1(1939),  79-81  & CA  36,  2488(1942)  31)R. 
Audubert  & C.Racz,  CR  210,  217(1940)  & CA 


34,  2709(1940);  BullFr  7,  907(1940)  & CA 
36,  2209(1942)  32)W.E. Garner,  Chim  & Ind 


1 1 1 n/  t r\  i.  1 \ 


Qjrar is)  ouppi  io  i\o  Lnem 

Zemr  1942  II,  365-6  & CA  37,  4571-2(1943) 
33)M.Bonnemay,  CR  214,  826-8(1942)  & CA 
38,  3540(1944);  CR  215,  65-7(1942)  & CA 
38,  5457(1944);  CR  216,  52&  154(1943)  & 

CA  38,  4868(1944);  CR  216,  230(1943)  Si  CA 


39,  1594(1945)  34)M.Bonnemay,  JChimPhys 
41,  18-41(1944)  & CA  39,  3205(1945)  35)M. 
Bonnemay  & E.T.Verdier,  JChimPhys  41, 
113-24(1944)  & CA  40,  2384(19 46)  36)L.K. 
Frevei  et  ai,  IEC,  AnaiEd  18,  83-93(1946)  & 
CA  40,  2051  (1946)  3 7)M.W.  Miller  & L.F. 


Audrieth.  InorgSynth  2 (1946),  139-41  & CA 


40,  6356(1946)  38)L.Kahovec  & K.W. 

tr  » 1 t i j I T*T  1 r»rt  / I A/^\  /I  4 i*l 

jvomrauscn,  Monausn  //,  oc  ha, 

6666(1948)  39)Kirk  & Othmer  7 (1951),  593-4 
40)S.W.Peterson  & H. A. Levy.  PhysRevs  87, 
462-3(1952)  & CA  46,  9436(1952)'  41)P.W. 
Jacobs  & F.C. Tompkins,  ProcRoySoc  215A, 
254-77(1952)  & CA  47,  4206(1953)  42)P.W. 
Jacobs  & F.C. Tompkins,  JChemPhys  23, 
1445-7(1953)  * CA  49,  15336(1955)  43)SS= 
Batsanov,  Vestnick  Moskov  Univ  9,  No  9, 

Ser  Fiz  Mat  i Estestven Nauk  No  6,  95-108 
(1954)  & CA  49,  8652(1955)  44)K.Clusius 
& E.Effenberger,  Helv  38,  1843-7(1955)  & 

rA  W 1 tOTt_i/inc/:\  x<  \n  e.  T r 

jl  IX 

Waddington,  ProcRoySoc  235A,  106 & 481 
(1956)  & CA  50,  12627  & 15203(1956)  46) 
F.C. Tompkins  & D.A.Young,  ProcRoySoc 
236A,  10-23(1956)  & CA  50,  15241(1956) 
47)K.Ciusius  Si  M.Vecchi,  Heiv  39,  1469-83 
(1956)  & CA  51,  3483(1957)  48)B.L, Evans 
8i  A.D.Yoffe,  ProcRoySoc  238A,  568-74 
(1957)  & CA  51 , 15129(1957)  49)Sax(1957), 
1063  50)C.N.Rao  & C.W.Hoffman,  JScInd- 
Res(India)  I6B,  267-8(1957)  & CA  51 , 17317 
(1957)  5 1)R.W.  Dreyfus  & P.W.Levy,  Proc- 


wasser,  USArmyEngrRes &DevelopLabs 
Report  1551- TR,  12,13,17  & 50(1958)  “Hy- 
drazoic  Acid  and  the  Meta]  Azides**  (a  litera- 
ture survey) 


Rubidium  Azide  (formerly  called  Rubidium 
Trinitride  or  Rubidium  Azoimide),  RbNl5 
raw  127.50,  N32. 96%;  col  tetrag,  si  hygro 
crysts  (Ref  1);  mp  260°,  Na  evolved  in  vacuo 
(Ref  3),  300°  (Ref  3),  321°  (Ref  5),  330°  (Ref 

2) ,  395°  in  vacuo  (Ref  5)  and  regular  evolution 
of  N,  at  310°  once  decompn  has  begun  (Ref 

3) ;  d 2.937  g/cc  (Ref  8);  QJ0.07  kcal/mol 
(Ref  18);  lattice  energy  152  kcal/mol  (Ref 
18);  sol  in  w (114g/100g  w at  17°),  si  soldo 
ale  (0.182g/100g  ale  at  16°)  insol  in  eth  (Ref 

2 N 

Rubidium  azide  was  first  prepd  in  1898  bv 
Dennis  & Benedict  (Ref  1)  & in  the  same 
year  by  Curtius  & Rissom  (Ref  2)  both  by 
neutralizing  RbOH  with  HNj  and  allowing 
the  soln  to  evap  in  air.  It  is  also  formed 
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when  N2  activated  electrically  reacts  with  Rb 
metal  (Refs  7&9).  The  toxicity  of  Rb  azide 
is  not  discussed  in  Sax  (Ref  19).  Also  see 
general  Refs  6,  13,  14&20 

This  compd  was  found  to  be  sensitive  to 
impact  by  drop  hammer  (Ref  8),  but  stable 
to  heat  and  light  at  RT  (Ref  3).  During 
electrolysis  of  its  soins  N2  is  liberated  in 
an  active  form  (Ref  4).  In  the  thermal  de- 
compn  of  Rb  azide,  the  residue  contains  the 
nitride,  RbsN,  which  is  a grn  grey  pdr  ex- 
tremely sensitive  to  moisture  (Ref  11).  The 
structure  of  Rb  azide  was  detd  by  Pauling 
(Ref  10)  and  by  Biissen  et  al  (Ref  12);  its 
diffraction  data  tabulated  by  Frevel  et  al 
(Ref  16)  and  the  Raman  Effect  of  both  crystn 
pdr  and  in  soln  was  reported  by  Kahovec  & 
Kohlrausch  (Ref  17) 

Rubidium  pentazido  cuprate,  Rb[(N3)2 
CuNjCu(Nj)2],  crystallizes  from  a coned  soln 
of  RbN,  and  Cu(N3)2;  the  corresponding  Cs 
salt  is  very  expl  (Ref  15).  The  expln  temp 
of  the  Rb  salt  is  230-3°  and  it  deton.  in  a 
flame 

Refs:  1)L.M. Dennis  & C.H. Benedict,  JACS 

20,  227& 231  (1898);  ZAnorgChem  17,  20 
(1898)  & JCS  74 U,  426(1898)  2)T.Curtius  & 
J.Rtssom,  JPraktChem  58,  280-2(1898)  & JCS 
7611,  91-2(18 99)  3)E.Tiede,  Ber  49,  1742-5 
(1916)  & CA  11,  2176(1917)  4)E.Briner  & 

P. Winkler,  Helv  6,  429-35(1923);  JChimPhys 
20,  201-16(1923)  & CA  17,  2841(1923)  5)R. 
Suhrmann  & K.CIusius,  ZAnorgChem  152,  52 
(1926)  & CA  20,  1962(1926)  6)Me!lor  8 
(1928),  347-8  7)W.Moldenhauer  & H.Mottig, 
Ber  62,  1954-9(1929)  & CA  24,  1300(1930) 
8)P. Gunther  et  al,  ZPhysChem,  Abt  B 6,  461 
(1930)  & CA  24,  2930(1930)  9)H.Wattenberg, 
Ber  63,  1667-72(1930)  & CA  24,  4998(1930) 
10)L. Pauling,  ZPhysChem,  Abt  B 8,  326-8 
(1930)  & CA  24,  5561(1930)  ll)K.Clusius, 
ZAnorgChem  194,  47-50(1930)  & CA  25,  889 
(1931)  12)W. Biissen  et  al,  ZPhysChem  15B, 

58(1931)  & CA  26,  1170(1932)  13)L.F. 

Audrieth,  ChemRevs  15,  202(1934)  & CA  29, 
700(1935)  14)Gmelin,  System  No  24  (1937), 

113*4  15)M.Straumanis  & A.Cirulis,  ZAnorg- 
Chem 252,  121(1943)  & CA  38,  1701-2(1944) 


16)L.K. Frevel  et  al,  1EC,  AnalEd  18,  83*93 
(1946)  & CA  40,  2051(1946)  17)L.Kahovec 
& K.W.  Kohlrausch,  Monatsh  77,  180(1947) 

& CA  42,6666(1948)  18)P.Gray  & T.C.Wad- 
dington,  ProcRoySoc  235A,  106 & 481(1956) 

& CA  50,  12627&  15203 (1956)  19)Sax(1957), 

not  listed  20)H.Rosenwasser,  USArmy  Engr- 
Res  & DevelopLabsRpt  1551-TR,  11,45  & 50 
(1958)  "Hydrazoic  Acid  and  the  Metal  Azides*’ 
(a  literature  survey) 

Silicon  Tetrazide,  Si(Ns)4,  mw  196.19,  N85.68%; 
wh  crysts,  sol  in  bz  and  eth.  It  was  prepd 
by  the  reaction  of  SiCl4  and  NaN2  in  dry  benz 
in  the  presence  of  LiAlH«  in  ether.  The  soln 
was  heated  under  reflux  on  a w bath  for  20- 
30  hrs,  decanted  and  the  benz  sublimed  at 
high  vac  and  0°.  Attempts  to  prep  Si  azide  by 
the  reaction  of  SiH«  and  HNS  were  unsuc- 
cessful 

Si  (Nj)4  is  highly  expl  and  sensitive  to 
moisture. 

Refs:  l)E.Wiberg  & H.Michaud,  ZNaturforsch 

9b,  500(1954)  & CA  49,  768(1955)  2)H. 

Rosenwasser,  TJSArmyEngrRes  & DevelopLabs 
Rpt  1551-TR,  48(1958)  ’’Hydrazoic  Acid 
and  the  Metal  Azides”  (a  literature  survey) 

SILYER  AZIDE  (formerly  called  Silver  Azoi- 
mide  or  Silver  Trinitride)  (called  Silberazid 
in  Ger;  Nitrure  d ’argent  in  Fr;  Acido  d'argento 
o Azotidruro  d’argento  in  It  and  Acido  de 
plata  in  Span),  Ag  N„  mw  149.90;  N 28.03%, 
col  ortho  ndls  from  NHa  (Ref  88)  mp  250° 

(Ref  1)  in  vacuo  185°(Ref21);N2  evolved 
above  254°(Ref  21)  and  expl  297-300°(Refs 
10,21  & 60);  d 5.1g/cc  (Ref  50)  to  4.8g/cc 
(Ref  37a).  Qj  — 74.2kcal/mol  (Ref  80),  Qteact 

68kcal/mol  (Ref  60),  latticeenergy  204.7kcal/ 
mol(Ref  80),  AF298o  78.69kcal/mol  from  elec 
chem  cell  (Ref  63);  Q activation  20-21  kcai/ 
mol  (Ref  41),  35  keal/mol  (Ref  79)  to  41  kcai/ 
mol  (Refs  65&71);  Qdeton  65.5  kcal/mol 
(Refs  14 & 16)  and  sp  heat  0.12  cal/g  (Ref  66). 
The  soly  of  Ag  azide  in  w has  been  reported 
as  3.9  * 10"5  mol/1  at  17°  (Ref  68), 5-1  x 10*s 
mol/1  at  25°  (Ref  43),  and  8.4  * 10“3  g/1 
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(Ref  37). (Also  see  Refs  7,8,38 & 74).  It  is  non- 
hygro  and  only  very  si  sol  in  ale,  eth  or 
acet(Ref  27).  Ag  azide,  like  other  Ag  compds, 
can  be  absorbed  into  the  body  circulation  and 
subsequently  deposited  in  various  body  tis- 
sues causing  a generalized  greyish  pigmen- 
tation of  the  skin-a  condition  known  as 
"argyria"  (Ref  89).  According  to  Sax  there 
is  no  known  method  by  which  silver  de- 
posited in  a body  can  be  eliminated.  The 
expin  hazard  of  AgNj  is  severe  when  it  is 
exposed  to  shock  or  heat 

Silver  azide  was  first  prepd  in  1890-1  by 
Curtius  (Ref  1)  by  passing  hydrazoic  acid, 

HNS,  into  neutral  silver  nitrate  soln.  This 
and  other  methods  of  prepn  were  later  de- 
scribed by  Thiele  (Ref  2),  Angeli  (Ref  3), 
Dennis  (Ref  4),  Curtius  & Rissom  (Ref  5), 
Dennis  & Isham  (Ref  8),  Wohler  & Matter 
(Ref  9),  Hodgkinson  (Ref  20)  & Hitch  (Ref 
21).  Turrentine  (Ref  9a)  electrolyzed  3/5 
Na  azide  soln  using  Ag  anode;  Brown  et  al 

by  electrolysis  at  the  Ag  anode  in  Amm  azide 
soln  (Ref  24).  See  alsoDarier  & Goudet  (Ref  25), 
Meissner  (Ref  30),  Taylor  & Rinkenbach  (Ref 
27),  Majrich  (Ref  38),  Wallbaum-Wittenburgh 
(Ref  46),  Stettbacher  (Ref  73),  Bertho  & Awes 
(Ref  76)  and  others  (Refs  29,  5 7,  & 58). 

Darier  & Goudet  (Ref  25)  describe  the  prepn 
with  a min  risk  of  expln  by  effecting  the 
reaction  within  the  interstices  of  a porous 
absorbent  material  which  is  inert  and  main- 
tains the  expl  crysts  separate  from  each 
other.  Taylor  & Rinkenbach  (Ref  27)  prepd 
Ag  azide  in  the  pure  state,  as  white  colloidal 
aggregates,  by  mixing  fairly  coned  solns  of 
AgNOj  and  NaNs.  The  colloidal  prod  was 
more  stable  and  less  sensitive  than  the  crysts. 
Meissner  (Ref  30)  described  an  app  for  the 
prepn  of  Ag  azide  by  a continuous  process  and 
Stettbacher  (Ref  73)  detailed  a recent  lab 
procedure  for  its  prepn 
Explosive  Properties: 

Brisance  by  Sand  Test,  41.1  g sand  crushed 
vs  37.2  g by  MF  (Ref  27) 

Detonation  Rate,  1500  m/sec  (unconfined  and 
initiated  by  hot  wire),  1700  m/ sec  (unconfined 
and  initiated  by  impact  with  grit  particle),  and 


1900  m/sec  (unconfined  in  vacuo  at  0.1  mm 
Hg)  (Ref  59) 

Explosion  Temperature,  °C.  297°  in  5 sec 
for  a 0.02g  sample  (Ref  15)  to  308°  in  1 sec 
for  a 0.02  g sample  (Ref  58) 

Friction  Sensitivity,  extremely  sens,  but 
more  stable  to  friction  than  either  Cu,  Ni  or 
Co  azides  (Ref  15)  (also  see  Ref  28) 

Impact  Sensitivity,  3 in  with  2 kg  wt  and  6 
cm  with  1 kg  wt  or  41  cm  with  500  g wt  vs 
43  cm  for  LA  both  in  BM  App  (Refs  28 & 58) 

Initiating  Efficiency,  see  table  under  Mer- 
cwous  Azide  (or  Ref  16) 

Lead  Block  Expansion,  22.6  cc  for  2g  sample 
vs  25.6  cc  for  MF(Ref  9,  P 247) 

Stability,  color  remains  white  when  kept  in 
the  dark  but  on  exposure  to  sunlight  cyrsts 
darken.  It  is  stable  at  75°  (Refs  28&46) 

Temperature  Developed  on  Explosion  3545° 
vs  3420°  for  LA(Ref  16) 

Work  Density,  96.5  kg/cc  vs  98.9  kg/cc  for 
LA  (Ref  16).  Other  expl  props  have  been 
described  in  Refs  12,13,16,18,32,35,48,51, 
72,75,81,83  & 94 

General  Properties:  The  x-ray  cryst  structure 
of  Ag  azide  was  detd  by  Bassiere  (Ref  36) 
and  his  results  were  confirmed  by  West  (Ref 
39).  Pfeiffer(Ref  55)  also  studied  the  x-ray 
struct  of  Ag  azide  and  detd  the  Ag-N  bond 
dist  as  2.56  A°  and  the  Ag-Ag  bond  dist  as 
3.00  A°.  The  optical  and  elec  props,  di- 
electric const,  UV  absorption  spectra  and 
photo  conductivity  were  detd  by  McLaren  & 
Rogers  (Ref  84).  Suzuki(Ref  64)  ealed  the 
std  free  energy,  AF°;  entropy,  AS0;  and  the 
heat  content,  AH0  for  the  reactn  AgNj  + Hg  “ 
HgNs  + Ag.  The  normal  AgNs~Ag  electrode 
potential,  referred  to  hydrogen,  was  measured 
by  Brouty  (Ref  49)  as  0.2945V.  Bowden  & 
McLaren  (Ref  90)  studied  the  expln  of  Ag 
azide  in  an  elec  field  and  found  that  with 
45V  across  the  cryst,  expln  ocewred  when 
the  current  rose  to  ca  150  pA  within  minutes. 
Berchtold  &Eggert(Ref  67)  observed  that  Ag 
azide  exposed  to  the  energy  from  a photo- 
graphic "electron"  flash  bulb  at  a dist  of 


6 cm,  reqd  300  w-sec  for  ignition  to  deton. 
Bowden  & Singh  (Ref  69)  found  that  Ag  and 
other  azides  were  all  exploded  by  an  intense 
electron  stream  but  not  by  slow  neutron 
bombardment 


Decomposition . The  thermal  decompn  of  Ag 
azide  has  been  the  subject  of  considerable 


col  cry: 


Ag  azide  in  sunlight  or  Hg  light  becomes 
violet,  gray,  and  finally  black  with  the  evo- 
lution of  Na.  The  compd  remains  unchanged 
when  kept  in  the  dark  at  RT  but  evolution 
of  Nj  continues,  even  in  the  dark,  when  Ag 
azide  is  heated  (Ref  10).  Bowden  & McAuslan 
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by  means  of  a scanning  electron  microscope 
and  observed  between  120°  and  250°  a 
crystallographic  phase  change  at  180°.  Small 


crysts  of  Ag  azide  irradiated  in  vacuo  with 
UV  light  (2000- 3600 A)  reqd  a critical  amt, 
corresponding  to  8 * 10-4  cal/sq  mm  of 
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emitted  by  the  explosn  of  one  cryst  of  azide 
did  not  initiate  expln  of  another  cryst,  but 
tiny  flying  fragments  did.  The  effect  of  light 
on  Ag  azide  and  other  expls  was  recently 
reported  by  Eggert  (Ref  92)  and  by  McAuslan 
(Ref  93).  The  UV  absorption  and  UV  irradiation 
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studied  by  many  investigators  (Refs  31,40, 
42,  45&85),  also  IR  absorption  (Refs  53). 
Audubert  & Calmar  (Ref  86)  found  that  surface 
dissocn  of  Ag  azide  showed  nitrogen  active 
with  3 haif-iives  characterized  by  different 
emission  spectra.  Thermal  decompn  has  also 
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Bowden  (Ref  70),  Sawkill(Ref  78),  Gray  & 
Waddington  (Ref  80),  Bartett  et  al  (Ref  91) 
and  others.  Bartett  et  al  (Ref  91)  investigated 
the  thermal  decompn  of  both  allotropic  forms 
of  Ag  azide  and  obtd  activation  energies  of 
44  to  46  kcal/mole  for  the  low-temp  form  and 
31  to  32  kc al/  Hid  fof  thfi  rrh-FjOmn.  frtrm 


Chemical  Reactions * Hantzsch  (Ref  6)  reacted 
iod  i n e ty ItH  Ag  a^ide  and  obtd  Iodine  Azide 
(qv)  and  Spencer  (Ref  26)  reacted  bromine 
with  Ag  azide  to  form  the  highly  unstable 
Bromine  Azide  (qv);  Frieson  & Browne  (Ref 


52)  formed  Azino  Silver  Chloride,  N?AgCI, 
stable  only  below  “30°, by  reacting  chlorine 
azide  (qv)  with  Ag  azide.  Friedlander  (Ref 
22)  reacted  tetramethylammonium  iodide  with 
Ag  azide  and  obtd  tetramethylammonium  azide 

/ ^*\  A \ uvt/'Vxiij  \ i_i xt 

was  prepd  by  reacting  quanidine  chloride 
with  Ag  azide  (Ref  34).  Silver  azide  in  anhyd 
acet  reacts  with  a-acetobromo  sugars  to  form 
fi-acetoazido  sugars  (Ref  56).  The  formation 
of  complexes  between  Ag  and  azide  ions  has 
been  described  by  Leden  & Schoon  (Ref  74). 
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a soln  of  Ag  azide  in  HF  indicated  formation 
of  4 ions  per  mole:  AgFH*.  HN*F+  and  2F’*’ . 
Tingle  (Ref  23)  warned  against  the  expi 
nature  of  ammoniacal  silver  oxide  solns  due 
to  the  unexpected  ready  formn  of  Ag  azide. 

A method  of  analyzing  components  contg 
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by  behavior  under  impact  or  flame  are  given 
by  Loriette  & Loriette  (Ref  19).  Cyanimide 
ions  have  been  introduced  into  the  Ag  azide 
cryst  lattice  by  coprecipitation  (Ref  79) 

Uses.  As  early  as  1893  the  Prussian  Govt 
investigated  Ag  azide  for  its  possible  use 
in  detonators  (Refs  10, 32 & 35).  Originally 
the  cost  and  extreme  sensitiveness  acted  as 
s c no  us  ^ etc  rro  n 1 5 to  s sjcrcfidccl  p icchj 

(Ref  33)  proposed  mixing  Na  azide  with  gran- 
ular substs,  such  as  tetryl,  PETN,  MF,  etc 
and  adding  AgNO,  soln  to  ppt  Ag  azide  as  a 
film  over  them.  The  efficiency  of  such  ini- 
tiators was  about  the  same  as  that  of  pure 
Ag  azide.  In  Italy  Ag  azide  was  manufd,  by 
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the  form  of  an  amor  powder  for  use  in  some 
priming  compns  (Refs  54  & 62).  Sprenger  (Ref 
17)  described  a method  for  opening  and  ex- 
amining blasting  caps  contg  Ag  azide,  but 
C.G. Storm  considered  the  procedure  danger- 
ous. Ag  azide  is  photosensitive  and  gelatin 


Arl  r>  aAiic 

mvuo  uiuiiw^uul 


to  those  for  AgBr  emulsions,  were  relatively 
insensitive  to  shock  or  temp  rise  (Ref  11) 
(Also  see  Refs  44  & 61) 


Refs;  l)T.Curtius,  Ber  23,  3032(1890)  & 
JCS  60  I,  57(1891)  Ber  24  , 3 3 44-5(1890  & 


I 


mnacm  *)\i  TKi^u  Ann  77fl 

J ww *»  * * *-S.  * — / J • ■**•*'"■'">  "■  ’! 

53-4(1892)  & JCS  62  II,  1298(1892)  3)A. 
Angeli,  AttiAccadLinceiRend  [5]  2 I.  599 
(1893)  & ChemZtr  2,  559(1893)  4)L.M. 

Dennis,  JACS  18,  950(1896)  5)T.Curtius 
& J.Rissom,  JPraktChem  58,  267(1898)  & 

JCS  76 n,  91(1899)  6)A.Hantzsch,  Ber  33, 
522(1900)  7)L.M.Dennis  & A.W.Browne, 

26,  602-3(1904)  8)L.M.Dennis  & H.Isham, 
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L. Wohler  & O.Matter,  SS  2,  181,  203,  244  & 
265(1907)  9a)J.W.Turrentine,  J ACS  33, 
824(1911)  & CA  5,  2455(1911)  10)L. Wohler, 
ChemZtg,  35,  1096(1911)  & CA  6,  2894(1912); 
ZAngChem  24,  2089(1911)  & CA  6,  803-4 
(1912);  L. Wohler  & W.Krupko,  Ber  46,  2047- 
50(1913)  & CA  7,  3088(1913)  ll)J.Bekk, 
ZWissPhot  14,  105(1914)  & CA  9,  416(1915) 
12)A.Stettbacher,  SS  10,  193  & 214(1915)  & 

CA  10,  118(1916)  13)Marshall  2(1917),  508 
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WUlllCi  (X  A.  iVldl  LI1I,  DC1  %/V,  jyj\_^yXi)> 

JCS  112  I,  383-4(1917)  & CA  11,  2900(1917) 

1 5 )L= Wohler  & F Martin.  ZAngChem  30 1,  33- 
9(1917);  JSCI  36,  570(1917)  &°CA  11,  3432 
(1917)  16)L. Wohler  & F. Martin,  SS  12,  1,18, 
39,54  & 74(1917)  & CA  12,  629(1918)  17)F. 

Sprenger,  SS  12,  73(1917)  & CA  12,  628-9(1918) 
18)Colver(l918),  526-8  l9)M.Loriette  & P. 
Loriette,  BullFr  23,  401-3(1918)  & CA  13, 
790-1(1919)  20)w.R.Hodgkinson,  BritP  128, 
014  & 129,152  (1918)  & CA  13,  2425(1919) 
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CA  12,  1951(1918)  22)F.V.Friediander, 

JACS  40,  1945-7(1918)  23)A=Tingle,  IEC  11, 
379(1919)  & CA  13,  1152(1919)  24)A.W, 
Browne  et  al,  JACS  41,  1772(1919)  & CA  14, 
28(1920)  25)G.E.Darier  & CGoudet,  USP 
1349411  (1920)  & CA  14,  3157-8(1920)  26) 

D. A. Spencer,  JCS  127,  216-24(1925)  & CA  19, 
1106(1925)  27)C.  A.Taylor  & W.H.  Rinkenbach, 
ArGrdn  5,  824-5(1923)  Sl  CA  19,  2564-5(1925) 
28)C. A.Taylor  & W.H. Rinkenbach,  JFranlnst 
00A  %HA.{  1 097^  fl  /10'70\  2>4G.O 

30)J. Meissner,  FrP  702415(1930)  & CA  25, 
4405(1931);  USP  1959731(1934)  & CA  4601 
(1934);  BritP  500711(1939)  & CA  33,  5414 
(1939)  31)H. Arens  & J.Eggert,  PhotKorr  67, 
Congress  No  17-21(1931)  & CA  26,  1529(1932); 
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67-74(1933)  & CA  28,  3012(1934)  32)MarshaIl 
3 (1932),  159  33)F.Blechta,  Chim&Ind 
(Paris)  Spec  No,  921-5(1933)  & CA  28  , 646 
(1933)  34)J.Craik  et  al,  JACS  56,  2380-1 
(1934)  & CA  29,  700(1935)  35)L.F.  Audrieth, 
ChemRevs  15,  204(1934)  & CA  29,  700(1935) 
36)M.Bassiere,  CR  201,  735-7(1935)  & CA 

30,  348(193 6)  37)E.H.Risenfeld  & F. Muller, 
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2857(1935)  37a)Hughes,  Thesis,  Cornell  U 
(1935)  cited  in  Rosenwasser.  39(Ref  94)  38) 

A.Majrich,  SS  31,  147-8(1936)  & CA  30,  5041 
(1936)  39)C.D.West,  ZKrist  95,  421-5(1936) 

& CA  31,  2894(1937)  40)R.Audubert  & H. 
Muraour,  CR  204,  431-2  & CA  31,  2518(1937) 
41)R. Audubert,  CR  204,  1192-4(1937)  & CA 

31,  4210(1937)  4 2)R. Audubert,  CR  205,  133- 
5(1937)  Sc  CA  31,  6561(1937)  43)A.C.  Taylor 
& L.F.Nims,  JACS  60,  262-4(1938)  & CA  32, 

2in2/iG2o\  aa\ c \i  7ue,:(,p’u:« 

J J\±  y TT  yo.  IVJ,  iviv;  Oik  v V 11, 

12,  460-7(1938)  & CA  33,  4892(1939)  45)R. 
Audubert.  TransFaradSnc.  35.  107- 204  (1939) 

& CA  33,  2806-7(1939)  46)R.Wallbaum- 
Wittenberg  SS  34,  126,161  & 197  (1939)  & CA 
33,  7569(1939)  47)W.Klatt,  ZPhysChem 
185A,  306-12(1939)  & CA  34,  1899(1940)  48) 
H.Muraour  & J. Basset,  Chim  & Ind  (Paris) 

45,  Suppl  to  No  3,218-24(1941);  ChemZtr 
1942  U,  365  & CA  37,  4572(1943)  49)M.L. 
Brouty,  CR  214,  258-61(1942)  & CA  37,  2640 

/ T CiA  H 's  <f\\  A 1 \ir  1 Q 7 'i  tit  T r\jt  7\. 

\±y-*y/  ^v/n.oicuuciLiici,  1 17*14;, 

ChemZtr  1942  II,  366-7  & CA  37,  4900(1943) 

5 l)Davis(1943);  430-2  52)W=  J^Frierson  er  al, 
JACS  65,  1698-1700(1943)  & CA  37,  6576 
(1943)  53)A. Delay  et  al,  CR  219,  329-33 
(1944)  & CA  40,  4273-4(1946);  BullFr  12,  581- 
7(1945)  & CA  40,  2386(1946)  54)J.D. Parsons, 
PBRept  No  12663,  20  (1945)  55)Pfeiffer, 
PhDThesis,  Cal  Inst  of  Tech  (1948)  cited  in 
Rosenwasser,  38(Ref  94)  56)A.Bertho,  Ann 
562,  229-39  (1949)  & CA  43  , 7430(1949)  57) 

in  /lOSft\  -rKCi  a.  l 

* i»V4^/v  * v w/j  t V/  M V/killUti  y 

(1951),  14  & 18&  7 (1951),  594  59)F.P. Bowden 
& H.T. Williams,  ProcRoySoc  208A.  187-8 
(1951)  & CA  46,  5844(1952)  60)A.D.Yoffe, 
ProcRoySoc  208A,  195-7(1951)  & CA  46,  5845 
(1952)  61)J.Eggert,  Colloque  Sens  ibilite  Phot- 


A601 


(Paris)  1951,  Science  et  Inds  Phot  23A,  227- 
36(1952)  & CA  47,  3734(1953)  62)C.Belgrano, 
“GliEsplosivi,  ” Hoepli,  Milano  (1952), 236 

63) S.Suzuki,  JChemSoc(Japan),  PureChem 
Sect  73,  150-2(1952)  & CA  46,  9952(1952) 

64) S. Suzuki,  JChemSoc(  Japan),  PureChem 
Sect  73  , 2 7 8-80(1952)  & CA  46,  6907(1952) 

65) R.Audubert,  JChimPhys  49,  275-85(1952) 

& CA  46,  9005(1952)  66)M.A. Yuill,  PhD 
Thesis,  Cambridge(1953)  cited  in  Rosen- 
wasser,  39(Ref  94)  67)J.Berchtold  & J. 
Eggert,  Naturwissenschaften  40,  55-6(1953) 

& CA  47,  11735(1953)  68)J.Eggert  & R. 

Zemp,  ZNaturforsch  8b,  389-95(1953)  & CA 

48,  1864(1954)  69)F. Bowden  & K. Singh, 
Nature  172,  378-80(1953)  & CA  48,  1003 
(1954);  ProcRoySoc  227A,  22-37(1955)  & CA 

49,  4991(1955)  70)F. Bowden,  4th  Symp  on 
Comb,  Cambridge,  Mass  1952,  161-72  (Pub  in 
1953)  & CA  49  , 5807(1955  ) 71)A.Suzuki,  J 
IndExplSoc  (Japan)  14,  142-63(1953)  & CA 

49,  11281-2(1955)  72)W.Noddack  &E.Grosch, 
ZElectrochem  57,  632(1953)  & CA  49,  8602 
(1955)  73)A.Stettbacher,  Explosivst  1954, 

1-2,  & CA  48,  6301(1954)  74)  LLenden  & 
N.H.Schobn,  TransChalmersUnivTechnol 
Gothenburg  No  144,  3-17(1954)  & CA  49,  1466 
(1955)  75)Kirk  & Othmer  12(1954),  444  76) 

A.Bertho  & D.Aures,  Ann  592,  54-69(1955) 
77)J.S.Courtney-Pratt  & G.T. Rogers,  Nature 
175,  632-3(1955)  & CA  49,  12833-4(1955)  78) 
J.Sawkill,  ProcRoySoc  229A,  135-42(1955)  & 
CA  49,  14412(1955)  79)P.Gray  & T.C. 
Waddington,  Chem  & Ind  1955,  1255-7  & CA 

50,  3763(1956)  80)P.Gray  & TX. Waddington, 
ProcRoySoc  235A,  106-19(1956)  & CA  50, 
12627(1956);  ProcRoySoc  241  A,  110-21(1957) 

& CA  51,  15230(1957)  81)W.Noddack  & E. 
Grosch,  Explosivist  1956,  69  82)F.P .Bowden 

& J.McAuslan,  Nature  178,  408-10(1956)  & 

CA  51,  120(1957)  83)F.P. Bowden,  “6th 
Symposium  on  Combustion"  Reinhold,  NY 
(1957),  611-2  84)AX. McLaren  & G.T. Rogers, 
ProcRoySoc  240A,  484-98(1957)  & CA  51, 
15258(1957)  85)A.C. McLaren,  ProcPhvsSoc 

70B,  147-50(1957)  & CA  51,  17443(1957)  86) 
R.  Audubert  & G.Calmar,  CR  244,  349-51(1957) 
& CA  51,  9356(1957)  87)B.L.Evans  & A.D. 


Yoffe,  ProcRoySoc  238A,  568-74(1957)  & 

CA  51,  15129(1957)  88)H.Rosenwasser, 
USArmyEngrRes &DevelopLabs  Rpt  1507-RR, 
14(1957)  89)Sax(1957),  1103  90)F.P. 
Bowden  & A.C.  McLaren,  ProcRoySoc  246A, 
197-9(1958)  & CA  52,  21109(1958)  91)B.E. 
Bartett  et  al,  ProcRoySoc  246A,  206-1 6 
(1958)  & CA  52,  21109(1958)  92)J. Eggert,  * 
ProcRoySoc  246A,  240-7(1958)  93)J.H. 
McAuslan,  ProcRoySoc  246A,  248-50(1958) 
94)H.Rosenwasser,  USArmyEngrRes  & Develop 
LabsRpt  1551- TR,  38-42(1958),  "Hydrazoic 
Acid  and  the  Metal  Azides”  (a  literature 
survey) 


SODIUM  AZIDE  (Formerly  called  Sodium 
Azoimide  or  Sodium  Trinitride)  (called 
Natriumazid  or  Stickstoff natrium  in  Ger; 
Azothydrure  or  Nitrure  de  sodium  in  Fr;  Acido 
di  sodio  or  Azotidruro  di  sodio  in  Ital;  Azida 
de  sodio  or  Nitruro  de  sodio  in  Span  and 
Azid  natriya  in  Russian),  NaN,,  mw. 65.02, 

N 64.63%.  Wh  hex  crysts,  mp  decomp  (in 
vacuo)  with  evolution  of  N2  from  275°  (Refs 
17  & 29)  to  330°  (Refs  17,  20,  48,  50  & 69) 
at.  atm  press  for  complete  decompn;  d^*3 
1.8473  (Refs  25,  27&30),  Q .cdT„ion  10  to 
34  kcal/mol  below  365°  and  20  to  50  kcal/mol 
above  365°  (Refs  69,  72,  77  & 115);  Qf  -5.08 
kcal/mol  at  298°K  (Ref  188);  lattice  energy 
175  kcal/mol  at  298°(  (Refs  78 & 188);  ionic 
conductance  of  ctysts  obeyed  equation  log 
k = log  A — (E/2.303RT)  where  log  A = 0.490 
and  E = 25.0  kcal/mol  in  temp  range  375  to 
490°K  (Ref  156);  sp  heat  from  0°  to  100°  is 
0.2934  cal/gm/°C  (Ref  86) 

The  soly  of  NaN,  in  acet,  CHC13,  hexane, 
cyclohexane,  CC14,  trichloroethylene  or  ethyl 
acetate  at  25°  is  less  than  0.005  g/100  ml 
of  soln  (Ref  130);  the  soly  in  methanol  at 
25°  is  2.48  g/100  ml  soln  (Ref  130);  in  ethanol 
at  0°  0.22  g/100  ml  solvent,  0.46  at  the  bp 
of  soln;  and  in  benz  at  bp  soly  is  0.10  g/100 
ml  solv  (Ref  30).  Curtius  (Ref  1)  found  NaN, 
soly  in  H,0  to  be  40. 2 g/ 100  g at  10°  and 
41.7  g/100  g H20  at  17°;  it  is  insol  in  ether. 
According  to  Friedrichs  (Ref  12)  NaN,  was 
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insol  in  sulfur  dioxide  but  readily  sol  in  liq 
NHj,  Wohlgemuth  (Ref  60)  studied  the  system 
HjO-NaNj  and  found  a eutectic  at  -15-1° 

(21.6%  NaNj),  a point  of  transition  at  2.1° 
(27.8%  NaN3),  and  a metastable  eutectic  at 
-20°  (26.8%  NaNj).  The  satd  aq  soln  at  0° 
contd  28%  NaN3  and  at  100°  35.6%  NaN3. 

Crysts  of  NaNj*3H20  were  isolated  by 
Wohlgemuth  (Ref  60).  Cranston  & Livingstone 
(Ref  30)  and  GUnther  & Perschke  (Ref  46) 
detd  densities,  refractive  indices  and  elec 
conductivity  of  aq  NaN3  solns;  the  electrol- 
ysis also  was  studied  by  Turrentine  (Ref  11), 
Briner  & Winkler  (Ref  24),  Schmidt  (Ref  140) 
and  by  Semenchenko  & Serpinskii  (Ref  58), 
Audubert  et  al  (Refs  82  & 87),  Verdier  (Ref 
93),  and  Jolibois  & Clerin  (Ref  95);  mol 
refraction  by  Petrikalns  & Ogrins  (Ref  79), 
optical  props  by  Angstrom  (Ref  13).  From  his 
studies  of  the  props  of  aq  NaN3  solns,  Yui 
(Ref  88)  detd  the  true  dissociation  constant 
of  HN3.  Nuclear  spin  resonance  of  aq  NaN3 
and  other  Na  compds  has  been  reported  in 
Ref  187 

Structure . NaN3  was  assumed  by  Curtius  & 
Rissom  (Ref  4)  to  be  hexagonal  crysts.  This 
form  was  established  by  A. C. Gill  as  repo'rted 
by  Dennis  & Benedict  (Ref  3)-  According  to 
West  (Ref  59)  the  hexagonal  units  of  NaN3 
contain  3 mols.  He  detd  their  cryst  dimen- 
sions and  showed  by  powd  photographs  their 
anisotropic  nature  on  thermal  expansion.  By 
means  of  X-ray  and  Laue  photographs 
Hendricks  & Pauling  (Ref  27)  detd  the 
rhombohedral  unit  ceil  dimensions  and  the 
interatomic  distances  of  NaN3.  The  config- 
uration of  NaNj  was  detd  also  by  Frevel 
(Ref  68)  who  found  the  N-N  distance  of 
1.150  + D.016  A in  good  agreement  with  the 
value  1.17  A reported  by  Hendricks  & Pauling. 
However,  Bassiere  (Refs  81  & 102)  claimed 
that  the  azide  ion  in  NaN3  was  asymetric 
with  N— N distances  of  1.10  and  1,26  A (see 
also  Ref  75).  Dreyfus  & Levy  (Ref  200) 
observed  that  NaN3  and  KN3  subjected  to 
thermal  or  mech  shock  showed  distortion 
along  slip  planes.  By  X-ray  diffraction 


techniques  Krasner  & Keating  (Ref  199)  in- 
vestigated stacking  faults  introduced  into 
NaN3  by  grinding  or  exposure  to  radiation. 
Joebstl  & Rosenwasser  (Ref  202)  in  a study 
of  the  optical  and  electron  microscopy  of 
NaNj  observed  that  crysts  from  soln  go 
through  a change  from  needle  and  hexagonal 
forms,  respectively,  to  microcrystalline  ag- 
gregates. Both  KNj  and  NaN3,  as  a result  of 
ageing,  will  form  etch  pits,  oriented  over- 
growths and  other  surface  defects.  It  is 
therefore  necessary  in  interpreting  physical 
data  obtd  with  azide  crysts  to  know  the 
preparative  method  and  history  of  the  mate- 
rial examined 

Toxicity.  Sodium  azide  is  more  acutely  toxic 
than  LA  and  is  considered  3 times  as  potent 
as  org  azides  (Ref  192).  According  to  Sax 
(Ref  194)  NaN3  is  classed  by  ICC  and  Coast 
Guard  regulations  as  a poison  B subst  and 
must  be  packed  in  wooden  boxes,  with  in- 
side containers  of  securely  closed  paper  bags 
placed  within  a waterproof  duplex  bag.  Net 
wt  of  material  must  not  exceed  100  lbs.  The 
minm  lethal  dose  of  NaN3  following  injection 
(Ref  103)  is  35  to  38  mg/kg  of  body  wt,  while 
up  to  150  mg/kg  of  body  wt  (ca  66  mg  NaNs) 
can  be  injected  intraperitoneally  without 
causing  death.  When  a 0.005  to  0.010  g 
tablet  was  swallowed  (Ref  36),  there  ensued 
within  5 min  violent  heart  stimulation,  throb- 
bing at  the  base  of  brain  and  loss  of  con- 
sciousness for  10  mins  followed  by  rapid 
recovery.  Less  severe  attacks  recurred  during 
the  following  hour.  The  symptons  are  similar 
to  those  caused  by  strychine.  According  to 
Hurst  (Ref  90),  a single  dose  of  NaN3  was 
more  lasting  in  effect  than  KCN.  Repeated 
doses  of  NaNj  produced  necrosis  or  demy- 
elination  in  optic  nerves  of  the  brain  (Ref 
179).  Black  et  al  (Ref  159)  reported  that  an 
oral  dose  of  NaN3  had  a rapid  hypotensive 
effect  and  produced  a sustained  lowering  of 
blood  pressure 

Other  effects  due  to  intoxication  by  NaN3 
(Ref  34)  include  respiratory  arrest,  develop- 
ment of  convulsions,  at  first  clonic,  later 
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tetanic,  and  finally  heart  failure  (Ref  174). 
Biehler  (Ref  45)  noted  that  NaN,  when  in- 
jected stimulated  respiration  and  acted  as 
a central  irritant.  Small  doses  decreased 
blood  pres 5,  while  repeated  dosage  increased 
it  and  caused  a transient  decrease  in  body 
temp.  The  final  effect  can  result  in  rigor 
mortis  although  the  onset  is  earlier  in  case 
of  exposure  to  NaF  (Ref  163X  The  reaction 
between  hemoglobin  and  NaN,  has  been  dis- 
cussed by  Sjostrand  (Ref  148)  and  by  Kikuchi 
et  al  (Ref  176).  According  to  Ponz  (Ref  158) 
NaNj  partially  inhibits  absorption  of  glucose 
thru  the  intestines.  Neither  HN,  nor  NaN, 
is  excreted  unchanged  in  the  urine  (Ref  116). 
The  effect  of  NaN,  on  muscular  activity  is 
similar  to  that  produced  by  2,4-dinitrophenol 
(Ref  198).  Death  due  to  intoxication  with 
NaN,  can  be  prevented  by  prophylactic  in- 
gestion of  methemoglobin-  forming  agents, 
such  as  NaNO,  (Ref  74) 

Preparation.  Sodium  azide  was  first  prepd  in 
1891  by  Curtius  (Ref  1)  by  saponification  of 
benzoylazide  with  an  ale  or  aq  soln  of  NaOH. 
Wislicenus  (Ref  2)  prepd  NaN,  by  passing 
a mixt  of  NH,  and  N,0  over  molten  Na  or 
by  treating  sodium  amide  at  150°-250°  with 
nitrous  oxide: 

2NaNH,  + NaO  - NaOH  + NaN,  + NH,  t 

In  1898  Dennis  & Benedict  (Ref  3)  and 
Curtius  & Rissora  (Ref  4)  independently  made 
NaN,  by  evapg  a soln  of  NaOH  neutralized 
with  HN,.  The  prepn  of  NaN,  has  been  de* 
scribed  also  by  Dennis  & Browne  (Ref  5)> 
Thiele  (Ref  6),  Orelkin  et  al  (Ref  19),  Browne 
& Wilcoxon  (Ref  28),  Wilcoxon  & Grotta  (Ref 
32),  Moldenhauer  & Mottig  (Ref  43),  Dynarait- 
AG  (Ref  65),  Newman  (Ref  63),  Westfalisch- 
Anhaltische  Sprengstoffe-AG  (Ref  64),  Acken 
& Filbert  (Ref  106),  Abe  et  al  (Refs  138, 

142  & 169),  Wehrle  et  al  (Ref  135),  Funaoka 
& Iwanaga  (Ref  167),  Clusuis  et  al  (Refs 
181  & 189),  Dreyfus  & Levy  (Ref  200)  and 
others  (Refs  37,38,62,84,107,109,113,133, 
143,144,  & 201) 

Sodium  azide  is  manufd.in  France,  Germany, 
Italy  and  the  USA  by  the  sodamide  process 


which  is  the  one  generally  employed  com- 
mercially. (See  under  Manufacture  of  Sodium 
Azide)  This  reactn  discovered  by  Wislicenus 
(Ref  2)  and  known  as  the  Wislicenus  Method 
gives  a 90%  yield  in  lab  prepn.  The  method 
was  investigated  thoroughly  by  Dennis  & 
Browne  (Ref  5).  A later  modn  of  this  process 
is  based  on  the  catalytic  conversion  of  Na  to 
NaNH,  in  liq  NH,  and  treatment  of  the  result- 
ing suspension  with  N,0  under  press  at  RT 
(Ref  133)-  The  reaction  between  hydrazine, 
ethyl  nitrate  and  caustic  soda  (or  sodium 
ethylate)  in  ale  soln  also  forms  NaN,: 

NaH4  + CaH,  ONO  + C.H,  ONa 

= NaN,  + 2C2H5  OH  + 2HaO 

This  process  is  considered  particularly 
attractive  for  coml  development  as  it  re- 
quires no  particular  precautions  in  handling 
the  reactants  during  the  manuf  of  NaN,  (Ref 
133) 

According  to  Schlenk  & Wichselfelder  (Ref 
14)  when  thin  slices  of  Na  were  gradually 
added  to  free  hydrazine  in  pure,  dry  N2,  a 
col  cryst  ppt  formed  which,  after  excess 
N2H4  was  distd  off  in  vacuo  exploded  violently 
when  removed  from  the  vessel  or  when  brought 
in  contact  with  moisture.  On  similarly  treating 
hydrazine,  entirely  free  from  the  hydrate,  and 
evapg  the  yel  soln,  brilliant  cryst  lfts  of 
sodium  hydrazide,  NHaNHNa  were  identified. 
This  compd  exploded  violently  at  the  least 
breath  of  air  or  trace  of  moisture.  It  could  be 
decompd  without  expln  by  soln  in  benz  contg 
a little  ale  (Ref  37) 

Manufacture  of  Sodium  Azide  was  conducted 
at  the  Kankakee  Ordnance  Works,  Joliet, 
Illinois,  (Ref  144)  by  the  "liquid  phase 
process"  as  follows:  For  this  five  12-lb 
bricks  of  sodium  were  melted  in  an  electri- 
cally heated  melter  and  the  molten  Na  at 
350°F  (176.7°)  dropped  to  a high-pressure 
autoclave  contg  375  lbs  liq  ammonia  and  1 lb 
ferric  nitrate  catalyst.  The  Na  reacted  to 
form  Na  amide  and  hydrogen: 

2Na  + 2NH,  ->  2NaNH2  + H2f 
the  latter  being  vented  out  of  the  autoclave 
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along  with  some  ammonia  at  a gage  press 
300  psi.  The  temp  was  held  below  105°F 
(40.6°)  by  cold  w in  the  autoclave  jacket. 
When,  this  reaction  had  subsided  the  remain- 
ing hydrogen  was  vented  and  about  55  lbs 
of  nitrous  oxide  gas  was  added  to  the  charge 
through  a standpipe  the  end  of  which  was 
directed  beneath  the  gas  disperser  agitator 
in  the  autoclave.  The  following  reaction 
took  place:  2NaNH2  + N20  -»  NaNj  + NaOH 
+ NH2.  In  this  operation  as  much  of  the  N20 
as  possible  was  fed  continuously  and  at 
such  rate  that  the  concn  of  N20  in  the  vapor 
space  was  less  than  25%  by  vol,  to  prevent 
forming  an  expl  mixt  with  NH3.  When  no 
more  N20  was  absorbed  the  charge  was  blown 
into  a 247  ga^  drowning  tank  which  contained 
enough  w to  give  a final  soln  strength  of 
3%  NaNj.  The  yield  from  Na  to  NaN,  in  the 
crude  solution  was  87% 

The  next  step. was  the  removal  of  ammonia 
from  the  ‘'crude  soln*',  which  was  done  by 
steam- stripping  in  an  evaporator  to  an  am- 
monia recovery  system,  where  NH3  was  ab- 
sorbed in  w.  The  resultant  NH3-free  crude 
soln  was  filtered  through  a Nutsch  type  fil- 
ter to  remove  the  catalyst  and  other  in  sol 
impurities.  The  filtrate  referred  to  as  clear 
liquor  was  stored  in  a 1000  gal  tank  from 
which  it  could  be  transferred  by  suction 
into  either  of  two  280  gal  jacketed  evapo- 
rators. The  evaporation  was  conducted  under 
24"  vacuum  with  50  lb  steam  press  in  the 
jacket.  A total  of  425  gal  of  "clear  liquor” 
was  concentrated  until  a sample  of  its 
"mother  liquor”  showed  the  strength  of  35% 
NaOH.  During  this  operation  the  bulk  of 
NaN3,  being  less  sol  in  w than  NaOH,  pptd. 
Then  the  mixt  was  cooled  to  80-90°F  (27- 
32°)  (to  cause  the  pptn  of  addnl  NaN3)  and 
dropped  to  a wringer.  The  yield  was  ca  75% 
NaNj  and  the  overall  cycling  time  was  5*6 
hrs 

The  "mother  liquor”  was  wrung  out  of  the 
slurry  and  drained  from  the  wringer  to  a catch 
tank  from  which  it  was  pumped  to  a storage 
tank  to  be  reworked.  The  crystals  of  NaNs 
were  washed  on  the  wringer  with  100  lbs  of 


treated  w,  which  was  pumped  through  spray 
nozzles  inside  the  basket,  and  the  washings 
sent  to  the  mother  liquor  storage  tank.  (The 
total,  about  350  gals,  was  referred  to  as  the 
first  mother  liquor). Then  the  crysts  were 
dissolved  directly  in  the  wringer  with  about 
65  gals  of  treated  w,  which  yielded  the  re- 
fined solution  of  27%  NaN3  strength.  The 
"refined  soln”  was  pumped  to  a weigh  tank 
from  which  it  was  dropped  (after  it  was 
sampled  and  the  wt  recorded)  to  a 1000  gal 
storage  tank.  When  required  the  "refined 
soln”  was  pumped  to  the  LA  manufg  plant 
(See  under  Lead  Azide) 

The  "first  mother  liquor”  (see  above), 
max  350  gals,  was  evapd  until  the  NaOH 
concn  reached  50%.  After  cooling  to  80-90°F, 
the  slurry  was  dropped  to  a wringer  where 
the  second  mother  liquor  was  wrung  out  to 
the  catch  tank  from  which  it  was  pumped  to  a 
240  gal  storage  tank.  The  second  crop  of 
crysts  remaining  in  the  wringer  was  not 
washed  but  dissolved  in  treated  w and  de- 
livered to  a 240  gal  receiver  tank  from  which 
the  soln  was  sucked  into  the  clear  liquor 
evaporator  to  be  reworked.  The  refining  pro- 
cess gave  an  overall  recovery  yield  of  94- 
96% 

The  "second  mother  liquor”  was  analyzed 
for  its  NaNj  content  and  if  it  was  over  2%, 
the  liquor  was  reworked  in  the  mother  liquor 
evaporator . If  the  liquor  contained  less  than 
2%  NaNj  it  was  sent  to  the  710  gal  killing 
tank,  where  the  azide  was  destroyed  by  a 
calcd  amt  of  Na  nitrate  and  coned  sulfuric 
acid  to  produce  the  reaction: 

NaNj  + NaN02  + H2S04  + NjO  + N2 +NaaS04 
+ H20 

After  destroying  the  azide , the  waste  liquor 
of  the  killing  tank  was  siphoned  to  a settling 
pond  from  which  it  was  sent  to  a scream 

Explosive  Properties.  According  to  Curtius 
(Ref  1)  NaNj  is  neither  volatile  nor  hygr, 
its  solns  may  be  evapd  to  dryness  without 
undergoing  any  change,  and  it  explodes  only 
when  heated  to  a high  temp.  This  stability 
to  heat  was  confirmed  by  Curtius  & Rissom 
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(Ref  4),  Dennis  & Benedict  (Ref  3)  and 
Dennis  & Browne  (Ref  5).  Wohler  & Martin 
(Ref  18)  exploded  NaN,,  without  true  deton, 
by  heating  a 0.02  g sample  but  did  not  ex- 
plode it  by  impact  on  a compressed  0.01  to 
0,05  g sample.  Bowden  & Williams  (Ref  132) 
were  unable  to  propagate  deton  in  NaN, 

Thermal  Decomposition.  Wattenburg  (Ref  48) 
observed  that  NaN,  must  be  heated  to  250° 
before  decompn  starts  and  that  formation  of 
Na,N  is  a necessary  stage  in  the  decompn 
of  NaN,  to  N2  and  Na.  According  to  Garner 
& Marke  (Ref  69)  the  decompn  in  a vac  at 
257-365°  was  similar  to  that  of  KN3,  but  the 
catalytic  effect  of  Na  vapor  was  small.  De- 
compn followed  an  induction  period  and  then 
occurred  in  two  or  three  steps  (Refs  89  & 108). 
Audubert  (Refs  72  & 80)  noted  that  intense 
UV  radiation  was  emitted  during  slow  thermal 
decompn  of  NaN,  and  KN,  (Ref  71).  In  a 
closed  system  the  nature  of  gas  or  its  ab- 
sence had  no  effect  but  in  a moving  current 
of  gas  UV  radiation  was  more  intense  (Ref 
76).  Bonnemay  (Ref  100)  detd  the  effect  of 
bases  and  neutral  salts  on  decompn  rate. 
Thermal  decompn  of  NaN,  has  been  studied 
extensively  by  Yoffe  (Ref  131)  and  by  Jacobs 
& Tompkins  (Ref  139) 

Effects  of  Radiation.  The  threshold  for  de- 
compn of  NaN,  by  electron  bombardment  is 
at  11.65  ± 0.2  volt- electrons  (Ref  52). 

Groocock  & Tompkins  (Ref  160)  studied  the 
decompn  with  100  and  200  v-electrons  at  RT 
and  found  theoretical  calcns  agreed  with 
exptl  results.  Muller  & Brous  (Ref  52)  found 
that  photochemical  decompn  occurred  at 
wave  lengths  below  405  m ft  at  a rate  directly 
proportional  to  the  UV  intensity.  No  relation 
between  energies  necessary  for  electronic 
and  photochemical  decompn  was  apparent. 

NaN,  turned  brown  under  X-ray  and  slow 
neutron  bombardment  (Refs  149  & 184).  When 
irradiated  NaN,  was  dissolved  in  H,0,  N, 
gas  was  evolved  andOH",NH,  and  N,H«  were 
present.  Heal  (Ref  196)  showed  also  that 
NaN,  irradiated  at  or  below  RT  was  initially 
pale  green  and  later  became  brn  on  standing 


a few  hrs  at  RT.  Irradiated  NaN,  dissolved 
in  liq  NH,  gave  a blue  soln  similar  to  that 
obtd  from  Na  in  liq  NH,.  By  irradiation- of 
NaN,  with  alpha  rays  from  Po  or  Rn,  a new 
radioisotope  was  produced  (Ref  61).  Rosen- 
wasser  et  al  (Ref  184)  investigated  the  in- 
duced coloring  of  NaN,  exposed  to  gamma 
rays  and  to  neutron  bombardment.  Gamma- 
rays  produced  a broad  band  at  3600  K and  a 
band  at  6000  A when  gamma- irradiated  NaN, 
was  heated  above  90° 

Absorption  and  Emission  of  Radiation.  Raman 
spectra  of  NaN,  have  been  detd  by  Petrikalns 
& Hochberg  (Ref  41),  Kahovec  & Kohlrausch 
(Ref  111)  and  by  Sheinker  & Syrkin  (Ref  120). 
Moler  (Ref  99)  expressed  the  absorption 
spectra  of  aq  NaN,  soln  as  log  of  extinction 
coeff  vs  wave  length.  Sheinker  (Ref  127) 
noted  that  the  UV  absorption  spectra  of  aq 
NaN,  soln  were  markedly  different  from  those 
of  typical  aliphatic  azides.  Infrared  absorption 
spectra  were  reported  by  Lieber  et  al  (Ref 
129)  and  by  Delay  et  al  (Ref  105)  in  the 
range  3 to  19/r.  From  the  intensities  of  bands 
observed,  it  was  concluded  by  Delay  et  al 
that  the  sym  form  was  more  abundant  than 
the  unsym  form  in  azides  of  Na,  Cu,  Aq  and 
Hg  but  the  reverse  was  true  for  azides  of  T1 
and  Pb 

The  optical  absorption  and  UV  absorption 
of  aq  NaN,  were  detd  by  Bonnemay  & Verdier 
(Refs  92  & 104).  In  both  cases  Beer's  law 
was  not  obeyed  except  for  narrow  regions  of 
concns  and  wave  lengths.  The  kinetics  of  the 
photochemical  effects  on  NaN,  decompn  has 
been  discussed  in  detail  by  Bonnemay  (Ref 
94) 

Chemical  Reactions.  Forster  (Ref  8)  de- 
scribed the  interaction  of  benzhydroximic 
chloride  with  NaN,  to  give  wh  ndls  (mp  124°) 
of  1-hydroxy- 5-phenyltetrazole  which  de- 
compd  spontly.  The  reaction  of  acid  chlo- 
rides with  NaN,  was  described  by  Schrocter 
(Ref  9)  Waltmann  (Ref  83)  and  Kiss  & Vinkler 
(Ref  124).  While  Schroeter  found  that  coml 
NaN,  reacted  smoothly  and  rapidly  with  acid 
chlorides  to  form  isocyanates  (Also  see  Refs 
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63  & 83),  Naegeli  et  al  (Ref  39)  obtd  good 
results  only  when  pure  NaN3  was  used. 

ISlelles  (Ref  54)  observed  a similar  diff  in 
reactivities  of  pure  and  coml  NaN3.  At  the 
time  of  Schroeter’s  investigation  coml  NaN3 
was  prepd  by  the  Thiel e-Stolle  method 
(Refs  6 & 7),  but  later  was  manufd  from  N20 
& NaNH2,  and  contd  impurities  which  hindered 
its  reaction  with  acid  chlorides.  These  im- 
purities were  not  removed  even  by  liberating 
the  acid  from  the  salt  and  neutralizing  with 
the  purest  NaOH.  However,  Nelles  (Ref  54) 
found  that  if  NaN3  were  rubbed  with  a trace 
of  N2H4-H20  and  pptd  from  a little  w with  a 
little  acet,  it  was  not  only  as  reactive  as 
pure  NaNj  made  from  N2H4  and  NH4N02,  but 
because  of  its  greater  surface  area  it  was 
even  more  reactive  (See  also  Ref  197  for 
prepn  of  activated  NaN3).  According  to  Stolle 
(Refs  22  & 57)  the  reaction  between  NaN3 
and  benzalbenzhydrazide,  dibenzhydrazide 
or  diacylhydrazide  chlorides  gives  various 
tetrazole  and  hydrazide  azide  derivs,  some 
of  which  are  expls.  Goyal  & Saxena  (Ref 
173)  also  studied  the  reactions  of  acid 
chlorides  with  NaN3  and  reported  that  dry 
NaN3  and  Cr02Cl  react  explosively  in  CC14 
below  0°  probably  forming  a solid,  Cr02(N3)2 
The  interaction  of  nitrosates  with  NaN3 
was  described  by  Forster  & vanGeldern  (Ref 
10).  Sommer.  (Ref  15)  treated  aq  NaN3  with 
CS2  and  obtd,  on  cooling  to  0°,  yel  prisms 
of  sodium  azidodithiocarbonate,  N3CS2Na-H20, 
stable  below  10°  and  only  moderately  expl 
but  defgrg  violently  on  Pt  foil.  The  anhyd 
salt  exploded  on  impact  and  detonated  on 
gentle  heating.  NaN3  with  AgN03  gave  a 
white  Ag  salt,  insol  in  HN03  and  NH40H,  and 
explosive  at  the  slightest  touch  when  dry  (see 
Silver  Azide).  On  adding  3 moles  of  NaNs 
in  ale  to  Cr(N3)3,  Oliveri-Mandala  & Cornelia 
(Ref  21)  sepd  grn  crysts  of  Cr(N3)3*3NaN, 
which  in  aq  soln  with  AgNO,  gave  an  expl 
complex  salt.  Currier  & Browne  (Ref  23) 
absorbed  CS2  vapors  in  5%  sard  aq  solns  of 
NaN3  and  formed  an  azido  salt  which  possessed 
no  dangerous  expl  props  but  decompd  slowly 
on  long  standing.  According  to  Spencer  (Ref 


26)  dry  bromine  reacted  with  NaN3  to  give 
the  highly  unstable  expl  bromazide: 

NaNj  + Br2  = NaBr  + BrN3 

and  bromine  water  reacted  instantly  with 
NaN3  to  give  a mixt  of  hydrazoic  and  hypo- 
bromous  acids: 

NaN3  + Br2  + H20  “ NaBr  + HN3  + HBrO 

Hofmann  & Hofmann  (Ref  31)  found  that 
NaN3  reacted  with  molecular  H2  and  02  to 
form  NaNHa  and  NaN02,  resp.  NaN3  with 
colloidal  Pd  and  C02  was  unchanged  (Ref 

53) 

Anhyd  HF  decomp  NaN3,  evolving  HNj 
(Ref  47).  Hoffmann  (Ref  51)  studied  the 
mechanism  of  reaction  of  various  types  of 
ultramarines  on  NaNj  and  observed  that  rose 
ultramarine  gave  the  most  vigorous  reaction, 
evolving  Na.  Stolle  ec  al  (Refs  55  & 56)  re- 
acted 1,4-dichloro  or  1,4-dibromophthalazine 
and  dichloroquinazolines  with  NaN3.  The 
synthesis  of  aromatic  nitro  compds  with  an 
azide  group  in  the  side  chain  was  accomplished 
by  Yushchenko  (Ref  67)  by  reacting  either 
NaNj  or  AgN3  with  the  appropriate  chloride 
or  iodide  in  ale  or  acet  soln.  Kuz'min  & 
Zemlyanskii  (Ref  66)  prepd  the  monoazides 
of  Ph  styryl  and  Ph  3*hitrostyryl  ketones  by 
reacting  NaN3  with  the  appropriate  starting 
materials.  According  to  Labruto  & Landi 
(Ref  73),  the  reaction  of  benzoyl  chloride 
with  NaN3  without  solv  and  in  the  presence  of 
NaOH  or  KOH  was  spontaneous  and  violent, 
evolving  suffocating  and  lachrymous  vapors. 

The  reaction  between  phenyicarbylamine 
chloride,  PhN:CCl2,  and  NaN}  is  quant  in 
acet  giving  a product  Ph  N-N:N*N:CN3,  mp 
99°  (Ref  85) 

By  dissolving  Cu(N3)2  in  aq  or  ale  solns  of 
NaN3  Straumanis  & Cirulis  (Ref  98)  obtd 
sodium  triazido-cuprace  Na  [Cu(Nj)3],  anhyd 
after  heating  above  120°.  This  compd  exploded 
at  216-23°  and  under  impact  of  drop  hammer. 
Explosion  also  took  place  when  Hg  (N03)2 
was  added  to  Na[Cu(N3)3]  (Ref  98).  The  addn 
of  NaN3  to  an  amine  soln  of  Cu++  salts  pptd 
complex  non- electrolytes  (Ref  97).Wiberg  & 
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Michaud  (Ref  164)  prepd  a wh  solid  complex 
salt,  sodium  h ex azidost annate,  Sn(N3)4*2NaN3 
or  from  SnCl4  in  tetrahydrofuran 

soln  heated  with  an  excess  of  NaN3.  After 
filtration  arid  evapn  of  solv,  the  solid  com- 
plex was  sol  in  tetrahydrofuran,  insol  or  only 
si  sol  in  ether  or  benz  and  was  hydrolyzed 
by  moist  air.  In  tetrahydrofuran  soln  the  salt 
detonated  on  boiling.  In  the  reaction  betwn 
FeClj  and  NaN3  no  complex  Fe  azides  were 
formed  (Ref  150).  The  prepn  of  azido  compds 
by  the  reaction  of  NaN3  with  epoxides  was 
described  by  Vander  Werf  et  al  (Ref  166)  and 
by  Ingham  et  al  (Ref  190).  Vander  Werf  et  al 
(Ref  166)  found  that  (N3CH2)2*CHOH  when 
hydrogenated  catalytically  gave  (H2NCH2)- 
CHOH  (bp  3 mm  Hg  93-5°)  which  decompd 
violently  above  150°.  The  di-HCl  salt  and 
the  picrate  both  melted  with  decompn  at 
184°  and  233.6°  respectively 
Adamson  (Ref  110)  described  the  prepn  of 
NaC14N  from  BaCl403  and  NaN3  in  a N2  atm 
to  yield  75-80%  of  prod  after  30  min  heating. 
Henneberry  & Baker  (Ref  118)  modified 
Adamson’s  method,  to  prevent  explns,  by 
fusing  NaN3  and  BaCOs  at  630°  for  20  min 
to  form  NaCN.  The  reduction  of  NaN3  by 
amalgamated  Al  was  reported  by  Labruto 
(Ref  125).  Other  reactions  involving  NaNs 
include:  isomerization  of  halohydrins  (Ref 
152),  reaction  with  anthraquinone  derivs 
(Ref  154)  and  monobromomalonic  ester  to 
form  diazidonvalonic  ester  (Ref  155),  synthesis 
of  phenanthridines  by  interaction  with  fluoren- 
9-ols  (Ref  168),  conversion  of 'secondary 
nitro  compds  to  amides  or  lactams  (Ref  178) 
and  the  prepn  of  toxic  fluorine  compds  by 
using  “activated”  NaN3  (Ref  197).  Miller  et 
at  (Ref  195)  discussed  the  role  of  NaN,  in 
mechanisms  involving  aromatic  substi- 
tutions. Werle  et  al  (Ref  161)  reported  that 
NaNj  was  decompd  by  animal  or  plant  tissues, 
such  as  liver  & kidney  extracts  and  potato, 
sugar  beet  or  apple  extract.  Levey  (Ref 
165)  noted  that  a small  amt  of  NaN3  inhibited 
the  anthrone  reaction  used  for  detn  of  total 
carbonates,  but  NaN3  did  not  affect  the  fer- 
ricyanide  test  for  reducing  sugars  or  the 


skatole  test  for  fructose 
The  Iodine-Sodium  Azide  Reaction.  This  re- 
action: 

2NaN3  + Ia  - 2NaI  + 3N2 

has  been  used  for  the  gasometric  detection 
of  thiocyanates,  sulfides  and  thiosulfates 
(Refs  35, 40, 101, H7, 122, 126&  128).  According 
to  Senise  (Ref  126)  at  pH  5.8  as  little  as 
0.035  microgram  can  be  detected  by  a spot 
test  at  a concn  limit  of  1 x 10s.  When  N2 
was  measured  with  a Lunge  nitrometer,  the 
vol  showed  a linear  relationship  to  the  amt 
of  S“ , S203  and  SCN  present  (Ref  122). 
LeRosen  et  al  (Ref  117),  by  using  equal 
vols  of  a satd  soln  of  Ij  in  1%  KI  and  of  10% 
NaN3  in  1%  starch,  obtd  a new  streak  reagent 
to  detect  CS2  by  bleaching  of  the  blue  color. 
The  effect  of  catalysts  on  the  iodine-azide 
reaction  has  received  considerable  attention 
from  many  investigators  (Refs  35,40,70,91, 
121,141,145,153  & others).  Sulfhydryl  compds 
as  catalysts  were  listed  by  Friedmann  (Ref 
70)jand  thioureas  were  given  by  Feigl  (Ref 
171)  and  Kayama  (Ref  121).  The  kinetics  of 
the  catalytic  activity  of  cysteine  and  related 
compds  was  studied  by  Whitman  & Whitney 
(Ref  153).  Awe  & Naiyoks  (Ref  141)detd  the 
catalytic  order  of  effectiveness  of  S compds 
and  noted  that  the  reaction  did  not  take  place 
in  acid  media.  Feigl  & Chargov  (Ref  35)  used 
the  iodine-azide  reaction  to  detect  small 
quants  of  CS2  and  for  the  detn  of  azides.  Ac- 
cording to  Moss  (Ref  147)  Niello,  the  blk 
metallic-like  mixt  of  the  sulfide  of  Cu,  Ag  & 
Pb,  used  to  inlay  ornamental  designs  en- 
graved in  metal,  can  be  identified  by  its  a- 
bility  to  decomp  catalytically  a soln  of  NaN3 
in  iodine 

Uses  0/  Sodium  Azide.  The  principal  use  of 
NaN3  in  the  expl  ind  is  in  the  prepn  of  alkali 
alkaline  earth  and  other  azides  (Refs  37,38, 
42,96,113,201,%  others)  (See  Lead  Azide, 
Plant  Manufacture,  etc).  Meissner  (Ref  44) 
used  equiv  quants  of  NaN3  and  a heavy  metal 
salt,  such  as  Pb  acetate,  for  the  continuous 
prepn  of  LA.  Matter  (Ref  33)  found  that  NaN3 
was  freed  from  carbonates  by  the  addn  of  aq 
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solns  of  hydoxides  or  salts  of  alkaline 
earth  metals,  such  as  these  of  Ba,  and  this 
NaNj  was  then  suitable  for  use  in  the  prepn 
of  other  metal  azides.  Buell  (Ref  16)  proposed 
as  a priming  chge  for  expls  a mixt  of  NaN,/- 
KClOj/SbjS,  - 35/30/35% 

NaNj  is  used  as  an  initiator  for  emulsion 
polymerization  (Ref  137),  as  a cellulating 
agent  (Ref  134)  and  as  a retarder  (Ref  185) 
in  the  raanuf  of  sponge  rubber.  The  addn  of 
NaNs,  an  alkali  bicarbonate  and  an  alkali  to 
form  a compn  of  pH  9-12  prevents  or  reduces 
plating  out  or  coagulation  of  styrene  and 
butadiene  latexes  stored  in  contact  with 
metals  (Ref  162).  NaNs  is  used  also  to  de- 
comp nitrites  in  the  presence  of  nitrates 
(Ref  172).  The  rate  of  nitrite  decompn  is  in- 
creased with  an  increase  in  azide  concn. 
Acosta  (Ref  172)  detd  the  optimum  ratio  to 
be  CNaNj/CNaN02  ° 3.9-  Compds  of  the 
structure  R2R  (->0)  (-»NH)  have  been  prepd 
from  the  corresponding  sulfoxide  and  NaN,  + 
H2S04  in  chlf  soln  (Ref  171): 

(CHj)jS-*  O + HN,  - (CHj)a  S<^  ° + N2 

NH 

According  to  Black  & Kleiner  (Ref  112)} 
encouraging  therapeutic  effects,  without 
toxicity, were  exerted  by  NaN3  and  some  other 
compds  in  31  cases  of  advanced  cancer  and 
leukemia  in  man.  Cudkowicz  (Ref  175)  found 
that  NaNs  and  hydroxylamine  reduced  growth 
of  transplantable  tumors  up  to  50%.  NaNs 
has  been  used  to  some  extent  in  the  treating 
of  wounds  under  conditions  where  the  slow 
oxidizing  action  is  considered  desirable  in 
inhibiting  growth  of  anaerobic  bacteria  (Ref 
114).  Jones  (Ref  182)  reported  that  NaNj  and 
merthiolate  solns  will  preserve  blood  typing 
serums  if  they  are  kept  sterile,  whereas,  under 
ordinary  storage  conditions  untreated  serums 
deteriorate 

NaNj  prevented  fungus  growth  (Ref  193) 
which  caused  darkening  of  sake  cake  (Japa- 
nese beer).  Fales  (Ref  146)  noted  that  the 
effect  of  NaN,  on  alcoholic  fermentation  was 
to  increase  efficiency  in  the  conversion  of 
glucose  to  fermentation  products.  NaN,  is 
also  useful  as  a wine  preservative,  inhibiting 


or  preventing  growth  of  microorganisms 
(Ref  177).  The  enzymic  oxidation  of  poly- 
phenols, causing  red  stain  in  pulp  wood 
(Ref  170), and  enzymic  oxidation  of  lignin 
can  be  inhibited  or  prevented  by  NaN,  (Ref 
180).  Since  NaN,  inhibits  microbiological 
reactions  in  soil  (Ref  123),  its  use  in  soil 
has  had  the  following  effects:  a)inhibiting  ( 
biological  oxidation  of  iron  (Ref  119)  b) 
inhibiting  oxidation  of  manganese  (Ref  186) 
c)markedly  inhibiting  pyruvic  oxime  oxidation 
(Ref  136)  d)completeiy  inhibiting  biological 
oxidation  of  arsenire  to  arsenate  (Ref  151) 
and  e)  useful  in  the  treatment  of  tobacco 
shank  in  soil  but  with  some  other  toxic  ef- 
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SODIUM  AZIDE  PLANT,  ANALYTICAL 
PROCEDURES.  The  sodium  azide  plant  of 
the  Kankakee  Ordnance  Works  (KOW),  Joliet, 
Illinois, operated  by  the  US  Rubber  Co,used 
as  starting  materials  anhydrous  ammonia, 
sodium  ferric  nitrate  (catalyst)  and  nitrous 
oxide 

Following  are  the  analytical  procedures 
used  at  the  KOW  plant,  as  described  in  Ref 
7 

I) Anhydrous  Ammonia  Synthetic.  The  methods 
of  analysis  described  in  US  Spec  JAN- A- 182 
were  used  (See  under  Ammonia,  Analytical 
Procedures.) 

II) Sodium  was  in  the  form  of  bricks  packed  in 
barrels  or  tank  cars.  It  had  the  following 
props:  purity  — min  99.95%,  metallic  Ca  — 
max  0.04%, chlorides  — max  0.005%,  mp  97.6°, 
bp  880°  and  sp  gr  0.970.  The  tests  used  at 
KOW  are  described  in  Ref  7,  pp  25a  to  25d. 
These  tests  are  not  included  in  US  Spec  JAN- 
5-328(1946)  which  requires  only  the  following 
tests: 

a ) Foreign  Matter.  When  examined  visually 

the  metal  must  be  substantially  free  of  foreign 
impurities 

b) Sdlidification  Point . The  value  must  be 
97.0  ± 2°  when  detd  in  the  apparatus  shown 
on  fig(next  page) 

Procedure:  Free  the  metal  from  any  adhering 
oil  or  other  impurities  by  shaving  a thin 
layer.  Fill  a clean,  dry,  X"  x 6"  Pyrex  test 
tube,  about  l4  full  with  the  clean  sample  and 
plunge  the  lower  part  of  the  tube  in  an  oil 
bath  at  105°.  When  the  temp  of  molten  sodium 
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reaches  ca  105°,  remove  the  tube,  wipe  it 
off  and  quickly  assemble  the  apparatus. 

Stir  continuously  until  the  temp  stops  falling 
and  then  starts  to  rise.  Stop  stirring  and 
note  the  max  temp,  which  is  known  as  "un- 
corrected setting  point”.  After  this  the  temp 
fai Is  slightly  arm  remains  stationary  for  c a 
1 min.  Record  this  temp  as  the  * ’solidifaction 

noinr”  of  Na 

1 ' 

III) Ferric  Nitrate(catal)"st  in  reaction  between 
Na  and  NH.)  was  procured  in  No  50  drums. 

It  was  of  analytical  grade  and  had  the  fol- 
lowing props:  insoluble  matter  — max  0.01%, 
chloride  — max  0.001%  and  sulfafe  0.10%.  No 
analysis  was  made  at  KOW  (Ref  7) 

IV) Nitrous  Oxide  was  procured  in  carload 

lots  of  200  50  lb  cylinders.  It  was  USP 
grade,  free  of  impurities  to  the  iowest  prac- 
tical amt  and  which  were  designated  on  the 
1 she  1 of  c ac h container*  analysis  was 

made  at  KOW  (Ref  7) 

v/y \u.: /--l. - i:j ~ „ new  iyu 

t / it  i liivjvi  vu  rw  a wing  ^-a  ///o 

azidejObtained  after  centrifuging  the  slurry 
obtained  on  evaporation  of  crude  a^ide 
soin,  as  described  under  Manufacture  of 
Sodium  Azide.  Basic  unit  weighs  100-250  lb 
and  a 100-g  sample  is  taken  of  each  cake 
immediately  after  it  is  wrung  and  washed. 

A strip  of  cake  of  the  width  of  the  centrifuge 


was  knocked  down  and  sampled  by  means  of 
a cup.  The  requirement  was  that  the  cake 
contain  less  than  1%  NaOH  and  the  test  was 

_ _ r _ n /r>  r -’i  _ i/i 

id£i  lOHUWS  /f  p £.\j) 

Procedure : Weigh  a 10.00-g  sample  on  a taxed 
4!‘  watch  glass  and  brush  up  all  spilled  crysts 
immediately,  because  they  are  very  poisonous. 
Transfer  the  samp  Ip  to  a 400-m!  beaker  contg 
ca  150  ml  distd  w neutral  to  phpht  and  stir 
until  completely  dissolved.  Titrate  rapidly 
to  colorless  end-print  with  0.1N  sulfuric 
acid.  Avoid  overrunning  the  end  point,  which 
causes  evoln  of  the  very  poisonous  gas  HNS 


% NaOH 


A x N x 0.0401  x 100 
W 


where  A = burette  reading.  N = normality  of 
HjSO^and  W a wt  of  sample 

Note ■ The  cake  must  contain  least  99% 
NaNj  on  the  dry  basis.  A small  amt  of  NaOH 
is  not  harmful  but  traces  of  Na  carbonate 
produce  Pb  carbonate  which  inhibits  the 
formation  of  desirable  form  of  LA  crysts.  The 
presence  of  any  appreciable  carbonate  will 
also  tend  to  lower  the  purity  of  the  final 


tu.  «-,.t ......  i ii..  c .. 

^iuuuuii  i nc  u tu\.  t iijuol  ^/lavLi^auj1  ucc 


liquid  "’rung 


of  NaCi 

yhPirct  Ua^Iya It  MqitAr  jn 

from  one  evaporator  chge  (See  under  Manu- 
facture  of  Sodium  Azide)  of  normal  or  average 
analysis:  NaOH  (actual)  34.4%,  NaNs (actual) 
2.5%  and  Na2C03  (actual)  0.2%.  A 25-ml 
sample  was  dipped  by  hand  from  the  catch 
tank  after  the  charges  had  been  centrifuged 
and  ail  samples  composited  for  one  week.  At 
the  end  of  each  month,  an  8-oz  sample  was 
taken  from  the  storage  tank  for  month!'7  in- 
ventory and  was  analyzed  in  the  same  way 
as  the  weekly  composites 


Procedures' 


st  iM/rM  r~ — i — < 


n .... .i .. 


sample  into  an  accurately  tared  glass-stoppered 
weighing  bottle  and  accurately  weigh  it.  Use 
this  weight  for  all  10,00-ml  samples  and 
save  the  contents  of  the  bottle  for  the  detn 
of  NaOH  (see  proced  c).  Using  the  same 
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pipette,  transfer  another  10. 00-ml  sample  to 
a Kieldahi  distn  flask  and  add  300  ml  of 
freshly  boiled  distd  w.  Add  a few  boiling 
chips  to  prevent  bumping  and  close  the  flask 
with  a stopper  equipped  with  a spray  trap 
and  a closed  separatory  funnel.  Place  the 
flask  on  a cold  electric  heating  unit.  Trans- 
fer exactly  50.00  ml  of  approx  N/3  NaOH 
soln  to  a 1000-ml  Erlen  receiving  flask  and 
dilute  with  ca  200  ml  of  freshly  boiled  distd 
w.  Assemble  the  flasks  and  a condensing 
apparatus,  closing  the  receiving  flask  with  a 
tight-fitting  rubber  stopper  through  which 
passes  the  tube  (adapter)  from  the  condensing 
app  and  a tube  connected  to  a U-tube  contg 
soda-lime.  The  tip  of  adapter  must  be  slightly 
immersed  in  the  contents  of  the  receiving 
flask.  Add  20  ml  of  40%  sulfuric  acid  to  the 
separator  funnel  of  Kjeldahl  flask 

Heat  the  liq  in  the  Kjeldahl  flask  and  con- 
tinue boiling  until  most  of  the  air  has  been 
driven  from  the  apparatus  and  replaced  with 
water  vapor.  This  will  be  shown  by  the  dis- 
appearance of  air  bubbles  escaping  from  the 
tip  of  adapter  tube  in  the  receiver.  Through 
the  separatory  funnel,  slowly  add  20  ml  of 
40%  sulfuric  acid,  making  sure  that  the  re- 
sulting partial  vacuum  does  not  cause  the 
receiver  liq  to  back  up  more  than  half  way 
in  the  condenser.  Close  the  stopcock  of  the 
separatory  funnel 

Caution . Never  add  the  acid  before  the  system 
is  filled  with  vapor,  as  high  concns  of  hydra- 
zoic  acid  may  cause  explns  if  air  is  present. 
Be  careful  to  avoid  leakage  of  acid  vapor,  as 
HNj  is  very  poisonous 

Continue  the  distn  until  ca  200  ml  of  the 
liq  is  distilled  into  the  receiver 

The  following  reactions  takes  place:  in 
the  Kjeldahl  flask,  2NaN3  + H2S04  - 2HN, 

+ NaaSO«,  and  in  the  receiver,  HNj  + NaOH-* 
NaNj  + HjO 

Disconnect  the  inlet  to  the  condenser  and 
remove  the  heater.  Elevate  the  adapter  of 
the  condenser  about  2"  out  of  the  receiver, 
and  with  a stream  of  freshly  boiled  distd  w, 
rinse  the  condenser  and  adapter  3 times  into 


the  receiver.  Also,  wash  down  the  outside 
of  the  condenser  end  into  the  receiver. 

Remove  the  receiver,  rinse  its  inside  and 
add  3 drops  of  phpht  indicator.  Titrate  the 
excess  of  NaOH  with  approx  N/3  HC1  to 
just  disappearance  of  pinkish  coloration.  The 
following  reactions  take  place: 

NaOH  + HCI  -*  NaCl  + R.0 

i * 

NajCOj  + HCI  - NaHCOj  + NaCl 


Save  contents  of  the  receiver  for  the  next 
proced 


Calculation: 
Apparent  % NaN, 


(AB-CD)  x 0.0650  x 100 
W 


where  A = ml  NaOH  soln  used  in  receiver, 

B = its  normality,  C * ml  HCI  used  in  titration, 
D = its  normality,  W = wt  of  10  ml  sample  in 
the  weighing  bottle, and  0.0650  = NaNj/1000 
(Refs  4 & 7) 

b)NaiCOi  Content . To  the  titrated  distillate 
in  the  receiver  add  exactly  10,00  ml  of  approx 
N/3  NaOH  (which  makes  a total  of  60  ml 
NaOH  in  the  receiver)  and  then  10  ml  of 
neutral  10%  BaCl2  soln.  Wash  down  with 
freshly  boiled  distd  w,  stopper,  gently  shake 
and  allow  to  stand  for  3 mins.  Titrate  drop- 
wise  with  approx  N/3  HCI  using  continuous 
swirling  until  pinkish  color  of  phpht  just  dis- 
appears. The  following  reactions  take  place: 


NaHCOj  + NaOH  -»  Na^COj  + H,0 

Na^COj  + BaCl2  ->  BaC03  + 2NaCl 

Run  a blank  detn  using  exactly  10.00  ml  of 
N/3  NaOH,  10  ml  of  10%  BaCi2  soln  and  ca 
100  ml  of  freshly  boiled  distd  w 

Calculation: 

(B-S)  x N x 0. 1060  x 100 

Actual  % Na-CO,  “ 

2 W 

where  B = ml  N/3  HCI  required  for  blank, 

S “ ml  HCI  required  for  distilled  sample, N " 
normality  of  HCI  soln,  W = wc  of  10-ml  sample 
and  0.1060  - Na2COj/1000  (Refs  4 & 7) 

c)NaOH  Content.  Transfer  quantitatively  the 
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contents  of  the  weighing  bottle  (See  begin- 
ning of  proced  a)  to  a 100  ml-vol  flask  and 
dil  to  the  mark  with  freshly  boiled  distd  w. 

ni, ^ i rv  nr\  _ 1 _ I * * 

x cl  iv.yv'JJH  qu^uul  uku  a ;yyim 

Erlen  flask,  dil  with  ca  100  ml  w and  titrate 
with  N/3  H2S0,,  using  phpht  as  an  indicator: 


2NaOH  + H2S04  ->  NajSO,  + 2H20 
2Na2COj  + H2S04  - 2NaHC03  + Na2S04 

C\alriilatici-n' 

ml  H,SCb  X N x 0.0400  x loo 

Apparent  % NaOH  3 4 

Wf  of  camhl  o in  1_Q  ml 


N-*  normality  of  N/3  H2S04jand  0.0400  - 
NaOH/lOOG 

Actual  % NaOH  m Apparent  % NaOH  - 

/a  w iw  xi  _ v . i.  _ _ a n -t-i  i _ m.  aii  / 

^ Vo** wntrit:  u*^//4  “ iNavn/ 

NajCOj 

Actual  % NaN3  “ Apparent  % NaNj  — 

(0.6134  x % Na2C03),  where  0.6134  - NaNs/ 
Na  rn  (Krf  1\ 

- ' “2 ^3  V J / 

YII)Second  Mother  Liquor,  obtained  as  de- 

M i j__  \i e. - _ £ n_  j* a i- 

^lhucu  uiiaci  ivianuia^LiJic:  ui  ouuium  o.4juc, 

normally  contained  ca  46.3%  NaOH,  1.0% 
NaN.  and  0.15%  Na.CO..  An  S-oz  sample  was 
taken  of  each  chge  from  the  catch  tank  when 
washing  of  the  wringer  cake  was  completed. 

If  the  NaNj  content  was  2.00%  or  less,  the 
liq  was  pumped  to  a storage  tank  from  which 
a 2)-mi  sample  was  taken  and  composited 
for  1 week.  At  the  end  of  each  month,  an  8-oz 

nA  mt\1  a YliO  e ^oiran  frAm  frVi*  efArn  od  Kinl/  frte 
OM|U^/lV  " “O  tUIVVll  AtCMIl  V11V  *VA 

monthly  inventory 


Procedures: 

a) NaNt  Content  — same  as  in  item  Via 

b) Na2COi  Content  — same  as  in  item  VTd 

c) NaOH  Content  — same  as  in  item  Vic 

d) Specific  Gravity.  Fill  a hydrometer  jar 
about  % full  of  sample  and  det  sp  gr  using  a 
hydrometer  of  range  1.4  — 1.6.  The  usual 
reading  was  ca  1,52  (Ref  7) 


viii)rirst  Dear  Liquor,  obtained  as  described 
under  Manufacture  of  Sodium  Azide,  normally 

Art  a > a t n Ay-1  1 1—7  M o CL  1 f\Oy  \1  A M O Hi4 

VuiiiuniLU  i r x L/o  nacrii  j y iv/c  nunj  **uvi 

0.15%  Na^jCOj.  A 25  ml  sample  was  taken  of 


every  chge  from  the  ammonia  evaporator  at 
the  completion  of  evaporation  and  composited 
for  one  week.  A month-end  inventory  sample 
(8  oz)  was  taken  from  storage  at  the  end  or 
each  month 

Procedures: 

a)NaOH  Content.  Pipette  exactly  a 10.00  ml 


stoppered  weighing  bottle,  close  the  bottle 
and  accurately  weigh  the  ensemble.  Record 
the  wt  of  the  sample.  Using  the  same  pipette, 
transfer  another  10.00-ml  sample  into  a 500- 
mi  Erien  flask  contg  some  boiling  chips  to 
prevent  bumping  on  boiling  and  add  ca  %" 
of  neutral  distd  w.  Boil  on  a hot  plate  under 
the  hood  with  the  suction  fan  on  until  all 
ammonia  is  driven  off.  (Test  with  moist  red 
or  neutral  litmus  paper  held  over  the  mouth 
of  the  flask  - no  change  in  color  indicates 
the  absence  of  ammonia  fumes) 

Wash  down  the  sides  of  the  flask,  cool  and 
titrate  with  N/3  H2S04  in  presence  of  3 drops 
of  phpht  indicator 

Calculation: 

ml  H,S04  x N x 0.0400  x 100 

Apparent  % NaON  

wt  of  sampie 

where  N = normality  of  N/3  H,S04,and 
0.0400=  NaOH/1000 

b)NctN j Content.  Alkalize  the  above  sample 
with  NaOH  and  transfer  quantitatively  to  a 
Kjeldahl  distillation  flask.  Dilute  contents 
of  the  fiask  to  300  mi,  add  a few  boiiing 
chips  and  proceed  as  described  in  proced  a) 
under  item  VI  (First  Mother  Liquor) 

Calculation  — same  as  in  proced  a of  item  VI 

_ 1X1  _ .1 A _ * _ J 1_\  _f 

— aaiuc  as  iu  pivucu  u/ui 

item  VI  (Ref  7) 

lX)Lime  Treatment  Tank  contained  liquor 
obtained  from  the  wringer  producing  the 
SvCOiid  r c skc . Ths  licjucr  norffislly 

contained  ca  9"10%  NaNs,  10-13%  NaOH  and 
up  to  0.75%  Na^COj.  Its  sp  gr  by  hydrometer 
was  ca  1.2.  An  8-oz  sample  was  taken,and 
after  analysis  according  to  item  VI  (First 
Mother  Liquor),  the  amt  of  lime  necessary  to 
ppt  the  carbonate  as  CaC03  was  caicd  and 
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added  to  the  tank.  Then  the  contents  of  the 
tank  was  filtered  and  the  filtrate  was  the 
second  clear  liquor.  (See  next  item.)  (Ref  7) 

X)Second  Clear  Liquor,  obtained  on  filtering 
the  contents  of  the  lime  treatment  tank,  had 
almost  the  same  compn  as  before,  except 
that  its  %Na2COs  was  reduced  to  ca  0.25%. 

A 25-ml  sample  was  taken  after  each  lime 
treatment  and  filtered,  and  all  samples  were 
composited  for  one  week.  At  the  end  of  each 
month,  an  8-02  sample  was  taken  from  storage 
tank  for  monthly  inventory,  and  was  analyzed 
in  the  same  way  as  were  the  weekly  compo- 
sites: 


Procedures: 

a)NaN^  Content  — same  as  the  proced  a)  of 
item  VI  (First  Mother  Liquor) 

bjA/djCOj  Content  — same  as  the  proced  b) 
of  item  VI 


c)NaOH  Content.  Wash  the  contents  of  the 
weighing  bottle  contg  the  10.00-ml  sample 
into  a 500-ml  Erien  flask,  dil  with  ca  75  ml 
dist  w and  titrate  with  N/3  HaS04  in  presence 
of  phpht  indicator 
Calculation: 


Apparent  % NaOH 


H2SQ4  soln  XNXQ.Q40QX  1QQ 


Wt  of  sample 


where  N “ normality  of  HaS04>and  0.0400  0 
NaOH/ 1000 

Other  calcns  are  the  same  as  in  item  VI 
(First  Mother  Liquor)  (Ref  7) 

Xl)Crude  Sodium  Azide  Liquor  was  obtained 
from  the  drowning  tank  of  the  autoclave.  It 
usually  contained  7-10%  NaOH,  9-11%  NaNs, 
0, 1-0.5%  Na2COs  and  some  ammonia.  A 250-ml 
sample  of  each  drowning  tank  chge  was 
taken  from  the  crude  scale  tank.  The  bottle 
was  stoppered  and  kept  in  the  lab's  refriger- 
ator until  ready  for  analysis 

Preparation  of  Samples . Prepare  a composite 
of  samples  collected  in  a 24-hour  period, 
taking  for  each  increment  of  the  composite  a 
weight  proportional  to  the  total  weight  of  the 
corresponding  sample.  The  entire  composite 
should  be  less  than  the  volume  of  an  8-oz 


bottle.  Tare  the  bottle  on  a torsion  balance 
and  add  to  the  tare  the  weight  desired  for  the 
first  increment.  Pour  the  corresponding  sample 
into  the  bottle  to  balance,  then  increase  the 
tare  by  the  weight  of  the  next  increment,  and 
so  on.  Conduct  all  this  work  very  rapidly 
in  order  to  prevent  excessive  loss  of  ammonia. 
Stopper  the  composite  sample  tightly,  shake 
and  place  in  the  refrigerator  until  ready  for 
use. 


Same  as  in  item  VI 
(First  Mother  Liquor) 


Procedures: 

a) NaNi  Content 

b) NaOH  Content 

c) Na2COt  Content 

d) NH3  Content.  Add  gradually  100  g of  the 
composite  sample  to  40%  sulfuric  acid  and 
dilute  to  1 1.  This  must  be  done  under  a hood 
so  as  to  prevent  exposure  to  HNa  fumes. 
Pipette  a 10.00-ml  aliquot  into  a Kjeldahl 
distilling  flask  and  dil  to  300  ml  with  w: 

H2S04  + 2NaNj  - 2HNS  + Na2S04 

,HaS04  + 2NH4OH  ■+  (NH4)2S04  + 2HaO 

Arrange  the  apparatus  as  described  in  proc 
a)  of  item  VI,  add  from  a separator  funnel 
20.0  ml  of  5%  NaOH: 


(NH4)aS04  + 2NaOH  - NaaS04  + 2NH4OH 

and  distil  into  80.00  ml  N/3  HCI  contained 
in  a receiver,  until  ca  100  ml  of  liq  is  left  in 
the  Kjeldahl: 


NH4OH  NHj  + Ha0 
NHj  + HCI  NH4C1 

Break  the  connections,  wash  the  app  with 
neutral  distd  w into  the  receiver  and  titrate 
the  excess  of  acid  with  N/3  NaOH,  using 
methyl-red  as  indicator 

Run  a blank  in  exactly  the  same  manner 
but  without  sample 
Calculation: 

(B-S)  x N x 0.0170  x 100 

%NH3  - £ ■-  — , where 

Wt  of  10  ml  aliquot 

B 0 ml  N/3  NaOH  required  for  blank  , S = ml 
N/3  NaOH  required  for  sample  ,N  = normality 
of  NaOH  and  0.0170  - NH,/1000  (Ref  7) 
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XII)Refined  Sodium  Azide  Liquor.  See  item 

IV  under  Lead  Azide  Plant,  Analytical 
Procedures 

XlllSodium  Azide  Feed  Tank.  See  item 

V under  Lead  Azide  Plant,  Analytical  Pro- 
cedures 

XIV) Sodium  Azide  Dilution  Tank.  See  item 

VI  under  Lead  Azide  Plant,  Analytical  Pro- 
cedures 

XV) Sodium  Azide,  Crystalline.  If  NaN}  was 
not  manufd  at  KOW,  but  purchased  outside, 
it  had  to  comply  with  the  following  US  Army 
requirements  and  tests  as  listed  in  the  Pic 
Arsn  Tentative  Spec  PXS-764(Rev  2),  Jan 

9,  1942,  which  became  Military  Spec  MIL-S- 
20552(1951)  (Ref  4): 

a)NaN3  Content . Same  as  proced  a)  in  item 
VI,  except  that  the  sample  introduced  in  the 
Kjeldahl  flask  is  ca  1 g and  the  amts  of 
reagents  in  the  receiving  flask  (which  has 
a capacity  of  500  ml)  are  50  ml  of  approx 
N/3  NaOH  and  50  ml  of  freshly  boiled  distd 
w.  This  test  gives  % of  apparent  NaN, 
kJA/etjCOj  Content  — same  as  proced  b)in 
item  VI.  This  test  gives  % of  actual  Na2C03. 

In  order  to  calc  % actual  NaN3  subtract  from 
the  % apparent  NaN,  the  % actual  Na2C03 
multiplied  by  0.6134 

c)Alkalinity  of  NaNz.  Dissolve  a weighed 
5 g portion  of  the  sample  in  100  ml  of  freshly 
boiled  and  cooled  distd  w which  is  contained 
in  a 250  ml  beaker.  Add  a few  drops  of  phpht 
indicator  and  if  the  soln  is  alkaline,  titrate 
with  approx  N/ 10  HC1  and  correct  for  a 
blank  detn  with  the  same  quantities  of  w and 
indicator 
Calculation : 

mi  HCIXNX0.040X  100 

% Alkalinity  as  NaOH  “ 

W 

where  N = normality  of  HC1 , W = wt  of  sample, 
and  0.040  “ NaOH/ 1000  (Ref  7) 

Colorimetric  Determination  of  Sodium  Azide 
in  Aqueous  Ammonia  (See  under  Manufacture 
of  Sodium  Azide) 

After  detg  the  sp  gr  of  the  aq  ammonia 


sample  with  a hydrometer,  place  a 200-ml 
sample  in  a 400-ml  beaker  and  boil  on  a 
hot  plate  in  the  hood  until  most  of  the  NH3 
has  boiled  off  (ca  l/2  hr).  Add  2 drops  of 
phpht  and  titrate  with  N/3  HC1  until  the 
pink  color  just  disappears.  Transfer  to  a 
200-ml  vol  flask  and  adjust  to  the  mark  with 
neutral  distd  w.  Add  1 ml  of  10%  FeCl3  soln 
to  each  of  two  100-ml  Nessler  tubes.  Pipette 
10-ml  of  the  neutralized  sample  to  one  of 
the  Nessles  tubes  and  dil  to  100-ml  mark 
with  w.  Stopper  and  mix.  Fill  also  the  other 
tube  (contg  only  FeCl3)  slightly  below  the 
mark  and  stopper  and  mix.  Add  to  the  2nd 
tube  dropwise,  from  a 10-ml  burette, the 
standard  soln  contg  0.001  g NaN3  per  1 ml 
(prepd  by  dissolving  1 g CP  NaNa,  in  1 1 
of  distd  w)  until  the  intensity  of  coloration 
matches  that  of  the  sample.  For  this,  stopper 
and  mix  well  after  each  addn  and  compare 
the  coloration  by  holding  the  tubes  side  by 
side  against  a white  background 

^ (ml  of  std  NaN3)x  0.001*  100 

% NaN3 = — 

10  x Sp  gr 

(Ref  7,  p 66) 

XVII)$odium  Azide,  Technical,  Prepared 
From  Hydrazine  and  Ethyl  Nitrate 

Impurities  present  in  tech  NaN3  may  be 
subdivided  into  w-insol,  such  as  carbonates 
and  oxides  of  heavy  metals  and  w-sol,  such 
as  carbonates  of  Na  & Ca,  various  nitrates 
and  chlorides,  hydrazine  salts  and  ammonium 
salts 

Darlot  & Marsaule  (Ref  6)  recommended  a method 
of  analysis  based  on  the  following  reaction: 

NaN3  + NaN02  + 2HCI  - 2NaCl  + H20  + N2  + N20 

.This  method  is  a modification  of  method 
originated  by  Glen  & Rvell 

Procedures: 

a)lnsoluble  Matter  (JM).  Dry  the  sample  to 
const  wt  at  90°,  weigh  exactly  10.000  g and 
dissolve  in  100  ml  of  distd  w.  Filter  through 
a tared  fritted  glass  crucible  and  transfer  the 
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filtrate  to  a 250-ml  vol  flask  (Filtrate  No  1). 
Wash  the  residue  in  the  crucible  with  dist  w 
and  transfer  the  washings  to  the  same  vol 
flask.  Dry  the  crucible  with  residue  to  const 
wt  at  100°  and  calc  % IM 
b)Calcium  Carbonate  Content.  As  CaCOj  is 
appreciably  sol  in  w contg  azides,  it  might 
be  present  in  the  filtrate  No  1 of  proced  a). 

In  order  to  det  CaC03,  take  50  ml  of  Filtrate 
No  1 (which  corresponds  to  2 g of  solid  mate- 
rial) and  dil  it  to  250  ml.  Transfer  a 50-ml 
aliquot  (which  corresponds  to  2/5  = 0.4  g of 
solid)  to  a beaker,  add  5 ml  of  satd  aq  Amm 
oxalate  and  1 ml  of  glacial  AcOH.  The  fol- 
lowing reaction  takes  place: 


from  Wj,  1.059  times  the  amt  of  CaC03  found 
in  proced  b).Save  the  filtrate  and  washings 
(filtrate  No  2)  for  proced  h) 
d)Nitrates  Content,  Take  another  50  ml 
aliquot  of  filtrate  No  1 (see  proced  a)  add 
ca  /g  NaN02,  then  5 ml  glacial  AcOIi  and 
heat  at  bp  for  ca  15  min  to  decomp  azides 
(which  otherwise  interfere).  After  cooling 
the  soln,  add  nitron  acetate,  filter  through  a 
cared  sintered  glass  crucible  and  weigh  the 
residue  (nitron  nitrate).  Calculate  % NOs 
from  the  formula 

62  x W,  x 100 
375-38  x W 


(NH4)2C204  + Ca(Cll3COO)2  ->  2NH4(CH3COO) 
+ CaC204 

Filter  the  ppt  of  CaC204  through  paper, 
wash  the  ppt  thoroughly  with  boiling  w and 
transfer  it  quantitatively  into  a 250-ml  beaker. 
Add  100  ml  of  boiling  w and  20  ml  of  1:3 
sulfuric  acid.  Titrate  the  hot  mixt  with  N/10 
KMnO,.  The  following  reaction  takes  place: 

5CaC204  + 2KMn04  + 8HaS04  ^-5CaS04 

+ KjSQ4  + MnS04  + lOCOj  + 8HaO 


Calc  % CaC03  from  the  following  formula: 

R x N , 0.0S0Q  x 100  where  R . m,  KMnQ< 

w 


soln,  N = its  normality  and  W " wt  of  solid 
sample  in  aliquot  (0.4g) 


c)Sodium  Carbonate  Content.  Transfer  a 50 
ml  aliquot  of  filtrate  No  1,  corresponding  to 
2 g of  solid  sample,  to  a beaker;  heat  the  liq 
to  boiling  and  add  5 ml  of  5%  BaCl2  soln. 

After  keeping  on  a water  bath  for  lA  hr,  filter 
through  a tared  sintered  glass  crucible.  Trans- 
fer the  ppt  (BaC03)  quantitatively  into  the 
crucible  and  wash  it  with  w.  Dry  the  ensemble 
to  const  wt  at  100°  and  calc  % total  carbonates 
as  Na2CO}  from  the  formula: 


W2  x 106  x 100 

, where  W,  = wc  of  residue  and 

197-37xW 

W = wt  of  sample  in  aliquot  (2g) 

Actual  % Na2C03  is  found  by  subtracting, 


where  W,  = wt  of  nitron  nitrate  (mw  375.38) 
and  W = wt  of  solid  sample  in  50-ml  aliquot 
(2g> 

e)Cblorides  Content.  Transfer  10  ml  of  fil- 
trate No  1 (see  proced  a)  to  a small  beaker, 
add  an  excess  of  5%  AgN03  soln,  then  1 ml 
of  coned  HNOj  and  heat.  If  there  is  any  ppt, 
filter  dry  the  ppt,  weigh  and  calc  chlorides 
as  %NaCl  from  the  following  formula 

58.45  x W,  x 100 
143.34  x W 

where  W,  = wt  of  ppt  (AgCl)  and  W = wt  of 
solid  sample  in  10-mi  aliquot  (10/25  = 0.4  g) 

If  only  turbidity  is  present  repeat  the 
operations,  taking  a larger  sample 
Note : Protect  from  direct  light  as  much  as 
possible  the  ppt  of  AgCl 
/ ) Ammonium  Salts  Content . Take  another  50 
ml  aliquot  of  filtrate  No  1 (See  proced  a)  and 
decomp  the  dzides  as  described  in  proced  d). 
Cool  the  soln,  neutralize  with  NaOU  and  det 
% ammonia  colorimetrically  by  means  of 
Nessler’s  reagent 

g)Hydrazine  Salts  are  detd  by  colorimetric 
method  of  Pesez  & Petit  (Ref  2)  based  on 
the  formation  of  intense  orange-red  azine 
when  treated  with  p-dimethylaminobenzalde  - 
hyde.  The  reaction  must  be  conducted  in 
very  dil  soln  in  order  to  avoid  secondary  re- 
actions 
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Procedure.  Transfer  ca  0.2-g  accurately 
weighed  sample  to  a 100-ml  vol  flask  and 
add  distd  w to  the  mark.  Stopper  and  shake 
until  completely  dissolved.  Pipette  out  5^1 
and  add  1 ml  of  the  reagent  (prepd  by  dis- 
solving 1 g of  p-dimethylaminobenzaldehyde 
in  50  ml  absol  ale  and  5 ml  coned  HC1).  If 
hydrazinium  ion  is  present,  the  soln  turns 
yel  at  first  and  then,  after  10-15  mins,  in- 
tensely red-orange.  Compare  the  intensity 
of  coloration  of  similarly  treated  solns 
(standards)  contg  0.0001  mg  to  1 mg  of 
NaH4  per  ml 

b)Sodium  Azide  Content.  Transfer  the  filtrate 
No  2 (see  proced  c)  to  a 200-ml  vol  flask  and 
adjust  to  the  mark.  Pipette  out  25  ml  (which 
would  correspond  to  2/8  - 0.25  g of  solid 
sample),  dil  with  50  ml  distd  w,  add  0.5  g 
NaNOj  and  a few  drops  of  phpht  indicator. 
After  making  the  soln  neutral,  add  exactly 
100  ml  of  N/10  HC1,  shake  for  several  min- 
utes and  titrate  the  excess  HC1  with  N/10 
NaOH  (burette  reading  R2).  Det  the  NaOH 
equiv  of  the  HC1  by  titrating  100  ml  with 
NaOH  (burette  reading  R,).  Calculate  % 

NaNj  from  the  formula: 

(Rt  - R2)  x N x O.Q650  x 100 
W x 2 

where  N ° normality  of  NaOH,  W = wt  of 
sample  in  25*ml  aliquotjand  0.0650  “ NaN3/ 
1000 

It  should  be  noted  that  if  a solid  tech  Na 
azide  is  used  as  a starting  material  for  the 
above  test  it  is  necessary  to  remove  the 
carbonates  prior  to  adding  NaN02.  This  can 
be  done  by  dissolving  the  sample  in  distd 
w and  neutralizing  the  soln  with  HC1,  using 
methyl-orange,  methyl-yellow  or  equivalent 
test  paper 

Note.  Barlot  & Marsaule  (Ref  6)  also  de- 
scribe two  other  methods  for  detn  of  NaN3: 

a) The  argentometric  method  of  Volhard  and 

b) The  iodometric  method  based  on  the  re- 
action 2NaNj  + I2  -*  2NaI  + 3N2 

Some  other  methods  of  analysis  of  sodium 
azide  are  listed  in  Refs  1,3,5  & 8. 


Refs  on  Sodium  Azide  Plant,  Analytical  Pro- 
cedures 1)J.W. Arnold,  IEC,  AnalEd  17,  215- 
17(1945)  & CA  39,  2267(1945)  (Assay  of 
NaNj  by  cerate  oxidimetry)  2)M.Pesez  & A. 
Petit,  Bull  Fr  1947,  122-3  & CA  41,  5820 
(1947)  (Detn  of  hydrazine,  applicable  to 
analysis  of  SA)  3)J*H.  van  der  Meulen,  Rec 
67  , 600-2(1948)  & CA  43,  1288(1949)  (Detn  of 
azides  and  hydrazoic  acid  with  K permanga- 
nate) 4)US  Military  Spec  MIL-S- 20552  (29 
Dec  1951)  (Sodium  azide,  requirements  and 
tests)  5)E.Werle  & R. Fried,  BiochemZ  321, 
500-7(1951)  & CA  47,  8125(1953)  (A  photo- 
metric method  for  detn  of  NaN3)  6)J. Barlot 
& S. Marsaule,  MP  35,  7-13(1953)  & CA  49, 
5843(1955)  (Analysis  of  tech  SA  prepd  from 
hydrazine  and  ethyl  nitrate)  7)B.C. Carlson, 
"Lead  Azide  Laboratory  Manual”  USRubber 
Co,  operator  of  Kankakee  Ordnance  Works, 
Joliet,  111  (1953)  8)Y.Mizushima  & S. 
Nagayama,  J IndExplsSoc J apan  17,  H3'5(1956) 
& CA  50,  16557(1956)  (Microdetn  of  azides 
by  ceric  ammonium  nitrate)  9)D.G. Young, 
formerly  of  Kankakee  OW,  Joliet,  111;  private 
communication,  I960  (info  on  manuf  and 
analysis  of  NaNj) 
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Strontium  Dioxide  (Formerly  called  Strontium 
Azoimide  or  Strontium  Trinitride),  Sr(Ns)„ 

1 -7 1 /Co  Vt  xo  n/i<n  /*'_1  _i u i 

uiw  1/  l.uu,  il  *tD.7U/0.  ^Ui  LIUiJD)  liy^l  Liyoi^) 

mp  decomps  at  140°  (in  vacuo)  with  evolution 
of  N,  at  110°  (Ref  3);  QespiE  295  cal/g 
(Ref  4),  Qform  “1*72  to  0.1  kcal/mol  (Refs 
20  & 23);  lattice  energy  494  kcal/mol  (Ref 
23);  ionic  conductance  of  solid  Sr(Ns)2 
obeyed  equation  log  k = log  A - (E/2. 303RT) 

: u : 1 a i a -?a 1 t?  _ c 1 1 1 / 

iU  IVg  A \ J.\ J+f\J  HA1U  J_  ~ J * 4-  A.LCU/ 

mol  in  the  temp  range  300  to  380°K  (Ref  21). 
The  low  activation  energy  for  the  structure 
sensitive  conductance  in  K,  Ca  & Sr  azides 
was  assocd  with  the  mobility  of  surface 
lattice  defects.  Sr  azide  is  sol  in  w (45-8  g/ 
100 g w at  16°);  si  sol  in  ale. (0.095%  at  16°) 

— j : 1 : _ /o tu_  _ e 
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Sr(Nj)a  is  not  discussed  by  Sax  (Ref  24)  but 
its  effects  should  be  considered  similar  to 
those  of  the  alkali  and  alkaline  earth  azides 
Sr  azide  was  first  prepd  in  1898  by  Dennis 
& Benedict  (Ref  1)  and  in  the  same  year  by 
Curtius  & Rissom  (Ref  2)  by  the  action  of 

MAT : J.  1 I * J_ t _ ^ t 

iia^j  du  utc  vaiuc,  uyuiUAiut:  ui  taiuvuatc  di 


Sr.  Its  prepn  has  also  been  described  by 
Mellor  (Ref  7),  Gmelin  (Ref  9).  Audrieth  (Ref 
10)  and  others  (Refs  11,  15,  18,  19  & 25).  The 
cryst  structure  of  Sr(Ns)2  was  investigated 
to  a limited  extent  by  A. C. Gill  (cited  in  Ref 
1)  and  in  detail  by  Llewellyn  & Whitmore  (Ref 

1 e\ t .. L I * _l > J L_ 

1 j)  wuu  uunuumiu  I1«LLUV  as 

ionic,  with  a linear  sym  azide  ion,  N-N“ 
1.12A,  and  Sr  to  N distance  of  2.63  to  277-A. 
Kahovec  & Kohlrausch  (Ref  16)  detd,  from 
the  Raman  Effect,  both  on  cryst  powd  and  in 
soln,  frequencies  which  corresponded  to 
sym  oscillation  in  a linear  triatomic  molecule. 

'tl*  — 1 _ d« 

A ut  apema  cimucu  uuiiu^  c^piil  Vi  V-a,  uat 

Sr  & Zn  azides  were  photographed  by 
PetrikalnfRef  6).  According  to  Garner  & 

Maggs  (Ref  13)  the  threshold  for  absorption 
of  UV  light  by  N,  ions  in  soln  and  in  the 
solid  state  is  2600-2700A  and  that  for  photo- 
chemical reaction  is  in  the  same  region 


txpiosive  Properties.  Curtius  & Kissom  (Kef 


2)  reported  that  Sr  azide  decompd  violently 
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observed  a temp  of  169°  for  deton  of  a 0.02  g 


sample  in  5 sec.  Under  impact  of  a 2 kg 
falling  wt,  a compressed  Sr  azide  sample 
/ 0 oi  to  0 03^/  flsiTjCcl  but  did  now  civtonst^. 
Later  studies  by  Haid  et  al  (Ref  8)  showed 
that  Sr  azide,  in  contact  with  a direct  flame, 
behaved  similarly  to  Ca  azide  but  it  did  not 
ignite  as  easily  and  it  burned  more  slowly 
than  Ca  azide.  On  heating  a 0.2g  sample  on 
molten  Wood’s  metal,  it  ignited  between  190 

c.  aaaO ] .1 1 1 :.V>  — I 

tJK  aLIU  V1IVI1  LTU4-UVU  " iill  *-  Ap-1  V AV*^.  ■-»%-  *-  • 

A 300  g sample,  confined  in  an  iron  box 
6 x 6 x 6 cm  of  1 mm  wall  thickness,  ex- 
ploded in  % to  1 min  when  heated  in  a flame. 
Haid  et  al  (Ref  6)  also  reported  that  Sr  azide 
ignited  from  friction  on  rubbing  in  a mortar, 

it  exploded  on  impact  with  a hammer  and  in 
.1 1 1 n i 1.  - T in  I 
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Its  expl  strength  is  considered  approx  equal 
to  that  of  Ba  azide 

Thermal  Decomposition.  In  a study  of  the 
thermal  decompn  of  Sr  azide  between  99  and 
124°,  Maggs  (Ref  12)  observed  a marked  in- 
duction period,  followed  by  an  acceleration 
of  the  reaction.  Decompn  occurred  in  three 
stages,  with  an  activation  energy  value  of 
20  kcal/mol  causing  the  acceleration  reaction. 
This  process  was  unaffected  by  exposure  of 
Sr  azide  to  emission  from  Ra  or  UV  light. 

Garner  (Ref  14)  listed  the  three  stages  of 
thermal  decompn  as:  a)surface  reaction  from 
which  alkali  earth  atoms  result  b)subsequent 
reaction  within  the  crysts  and  c)  finally  the 
spreading  of  decompn  from  reaction  centers. 
Experiments  by  Garner  & Reeves  (Ref  22) 
showed  the  thermal  decompn  of  Ca  and  Sr 
azides  obeyed  a third-power  law,  whereas  Ba 
azide  obeyed  a sixth-power  law.  Electrical 
conductivities  of  these  azides  were  low  and  did 
not  change  during  thermal  decompn  until  the 
nuclei  came  into  contact 

Other  Properties  and  Uses.  Veenemans  & 
Loosjes  (Ref  17)  proposed  using  Sr  azide  in 
mixt  with  Ba  azide  as  the  cathode  for  elec 
(jiccJjflrop  tub  — S-  FlChcr?!ll!?  Si 

Kovache  (Ref  19)  reported  that  due  to  its  ex- 
treme  sensitivity  to  hydrolysis  and  because 
Sr  azide  reacts  with  C02  to  yield  Sr  C02, 
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these  props  make  it  difficult  to  raanuf  and, 
therefore,  Sr  azide  presents  no  advantage 
over  Ba  azide  for  use  in  vac  tubes 

Refs:  l)L.M.Dennis  & C.H.Benedict,  JACS 

20,  228  & 231  (1898);  ZAnorgChem  17,  22 
(1898)  & JCS  74  II,  426(1898)  2)T.Curtius 
& J.Rissom,  JPraktChem  58,  286  & 305(1898) 

& JCS  76  II,  91(1899)  3)E.Tiede,  Ber  49, 
1742-5(1916)  & CA  11,  2176(1917)  4)L. 

Wohler  & F. Martin,  Ber  50,  595(1917);  JCS 
112  I,  383-4(1917)  & CA  11,  2900(1917)  5) 
L.Wdhler  & F.  Martin,  ZAngChem  30  I,  33'9 
(1917);  JSCI  36,  570(1917)  & CA  11,  34  32 
(1917)  6)A.Petrikaln,  ZPhysik  37,  610-18 
(1926)  & CA  20,  2791(1926)  7)Mellor  8 
(1928),  350  8)A.Haid  et  al,  Jahresber  CTR 
8,  102-8  (1931)  & CA  26,  3669(1932)  9) 

Gmelin,  System  No  29(193D,  88-9  10)L.F. 
Audrieth,  ChemRevs  15,  198(1934)  11)L.F. 

Audrieth  & C.F. Gibbs,  InorgSynth  1(1939), 

79-91  & CA  36,  2488(1942)  12)J.Maggs,  Tr 
FaradSoc  35,  433-8(1939)  & CA  33,  4112  . 
(1939)  13)W.E.Garner  & J.Maggs,  PrRoySoc 
172A,  299-314(1939)  & CA  33,  8501(1939) 
14)W.E. Garner,  Chim  & Ind  45,  Suppl  to  No  3, 
111-18(1941);  ChemZtr  1942  II,  365-6  & CA 
37,  4571-2(1943)  15)F.T.Llewellyn  & F.E. 
Whitmore,  JCS  1947,  881-4  & CA  41,  7194 
(1947)  l6)L.Kahovec  & K.W.Kohlrausch, 
Monatsh  77,  180-4(1947)  & CA  42  , 6666-7 
(1948)  17)C.F.Veenemans  & R.Loosjes,  USP 
2463727(1949)  & CA  43,  4966(1949)  18)Kirk 
& Othmer  7(1951),  593*4  19)H.Ficheroulle 
& A.Kovache,  MP  33,  17-9(1951)  & CA  47, 
6617(1953)  20)S.M.Ariya  & E.  A.Prokof’eva, 
SbornikStateiObshcheiKhim,  AkadNauk  1 , 9- 
18(1953)  & CA  48,  12522(1954)  21)P.W. 

Jacobs  & F.C. Tompkins,  JChemPhys  23,  1445* 
7(1955)  & CA  49,  15336(1955)  22)W.E.Garner 
& L.E. Reeves,  TrFaradSoc  51,  694-704(1955) 

& CA  49,  15398(1955)  23)P.Gray  & T.C. 
Waddington,  PrRoySoc  235A,  106-19  & 481- 
95(1956)  & CA  50,  12627  & 15  203(1956)  24) 
Sax(1957)  25)H.Rosenwasser,  USArmyEngr- 
Res  & DevelopLabsRpt  1551-TR,  12&26-30 
(1958),  "Hydrazoic  Acid  and  the  Metal  Azides” 
(a  literature  survey) 


Sulfuryl  Diazide,  S02(N3)2,  mw  148-11,  N 
56.7%,  col  liq  first  prepd  in  1922  by  Curtius 
& Schmidt  (Ref  2)  by  the  interaction  of  sul- 
furyl chloride  and  finely  divided,  si  moist 
Na  azide:  S02Cl  + 2NaN,  ->  S02  (N,)a  + 2NaCl. 

It  explodes  violently  when  heated  and  often 
spontaneously  at  RT.  Sax  (Ref  9)  does  not 
list  this  compd  but  it  has  a suffocating  odor 
and  the  pronounced  physiological  effects  of 
hydrogen  azide  (qv) 

It  is  hydrolyzed  slowly  by  cold  ale  or 
water,  but  more  quickly  on  warming  the  solv. 
Alcoholic  AgNO,  reacts  with  $02(N,)2  in- 
stantaneously to  form  Ag  azide  (qv).  When 
heated  with  org  aromatic  hydrocarbons,  such 
as  benz  (Refs  3 & 4),  p-xylene  (Ref  2)  and 
p-cymene  (Ref  5),  sulfuryl  azide  completely 
decomposed  (Also  see  Refs  6,  7,  & 8) 

Related  to  sulfuryl  azide  are  the  salts  of 
azidosulfonic  acid,  HS03N3.  Traube  & 
Vockerodt  (Ref  1)  prepd  the  K salt  by  treat- 
ment of  a coned  aq  soln  of  potassium  nitrite 
with  finely  powdered  hydrazine  sulfonic  acid: 

NHjNHSO,H  + KNOj  -*  2H20  + KS03N, 

It  crystallized  from  soln  as  flat  prisms  which 
exploded  on  heating.  The  addn  of  mineral 
acid  yielded  hydrazoic  acid  and  sulfuric  acid. 
The  NH4,  Na  and  Ba  salts  have  also  been 
prepd,  but  their  props  were  not  described 

Refs:  1)W. Traube  & A.Vockrodt,  Ber  47,  938- 
44(1914)  2)T.Curtius  & F. Schmidt,  Ber  55B, 
1571-81(1922)  & CA  17,  1000  (1923)  3)F. 
Schmidt,  Ber  55B,  1581-3(1922)  & CA  17, 
1000(1923)  4)K.F. Schmidt,  Ber58B,  2409- 
12(1925)  & CA  20,  1081(1926)  5)A.Bertho 
et  al,  Ber  60B,  1717-20(1927)  & CA  22,  229 
(1928)  6)P. Walden  & L.F.  Audrieth,  Chem 

Revs  5,  339-59(1928)  & CA  22,  4396(1928) 
7)L.F. Audrieth,  ChemRevs  15,  216(1934)  8) 

Kirk  & Othmer  7 (1951),  594  9)Sax{1957) 

Thallium  Azide  (Formerly  called  Thallous 
Trinitride  or  Thallium  Azoimide),  T1N3,  mw 
246.41,  N17.05%,  pal  yei  tetrag  crysts  which 
form  as  wh  ppt;  mp  330-40°  (Refs  1 & 6),  ex- 
plodes 430°  (Ref  6);  Qexpln  232  cal/g  or 


A622 


c <r  /rt  I 1 / 1 /v»_f  ■>%  r,  r c-  t r 1 • ) 

jj.w  K.«.ai/iuui  :>/,  Vform  uta*/ 

mol  (av  value)  (Refs  17,18,19& 21);  lattice 
energy  164  keal/mol  (Ref  19)-  It  is  easily 
sol  in  hot  w,  si  sol  in  cold  w (Ref  1);  the 
Soly  Prod  calcd  by  Suzuki  (Ref  16)  is  2.19 
x 10  4 vs  2.88  * 10  9 for  AgN3.  According  to 
Sax  (Ref  24)  this  compd  is  highly  toxic 

Ttv?  — — t: i : _ i onK  i ^ 
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& Doan  (Ref  1)  by  adding  a thallous  sulfate 
soln  to  a coned  soln  of  KN,  contg  a little 
free  hydrazoic  acid.  Curtius  & Rissom  (Ref 
2)  used  essentially  the  same  procedure  while 
Brouty  (Ref  10)  prepd  the  compd  from  equi- 
molar proportions  of  NaN3  & TlN03  and 

r> /T>  C TlMA  o.  V\1 
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or  T1C1  & NaN}  solns.  Its  prepn  has  also 
been  described  by  Mellor  (Ref  7),  Gmelin 
(Ref  9)  and  others  (Refs  13,20  & 25)-  According 
to  Rosenwasser  (Ref  22),  Tl  azide  has 
numerous  cryst  habits  depending  on  its 
method  of  prepn.  Both  perfect  and  imperfect 
Maltese  crosses  and  rectangular  plates, 
which  transform  by  heat  to  acicular  prisms, 
were  obtd.  TIN,  forms  as  a fine  wh  cryst  ppt 
and  when  crystd  from  a hot  aq  soln,  it  sep- 
arates as  It-yel  orthorhombic  ndls  which,  on 
exposure  to  sunlight,  assume  a dk  brn  ap- 
pearance (Ref  1)  and  form  metallic  Tl  (Ref 


18) 

Delay  et  al  (Ref  12)  detd  IR  absorption 
spectra  in  the  ranee  3 to  19ti  and  from  the 
intensities  of  the  bands  concluded  that  the 
sym  form  was  more  abundant  in  the  azides 
of  Ag,  Cu,  Hg  & Na  but  the  reverse  was  true 
for  the  azides  of  Pb  & Tl.  Gray  & Waddington 
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phous  with  chose  of  Na  & Rb  azides.  The 
elec  conductivity  of  TIN,  is  5-9  x 10  * mho 
at  275°  (Ref  18).  Brouty  (Ref  10)  detd  the 
mean  activity  coefficient  of  TlN3  by  EMF+ 
measurements  and  calcd  ionic  radii  of  Tl  & 
N3~.  Conductivity  measurements  by  Brouty 
(Ref  11)  did  not  agree  with  Onsager’s  theory; 
deviations  were  found  at  very  high  dilutions. 
An  electro-chem  cell  used  by  Suzuki  (Ref  16) 

A T-«.r»  rtO  1 f C*/\  1 “T  1 1/ 1 £_^ 
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TIN,  vs  78.69  keal/mol  for  AgN3.  Nair  & 
Nancollas  (Ref  23)  derived  thermodynamic 


ion  pairs  T1N3,  and  of  other  thallous  ion 
pairs  with  univalent  anions,  at  10°,  25  & 40° 

Explosives  Properties  Dennis  & Doan  (Ref 
1)  who  first  prepd  TIN,  state  that  it  is  not 
expl,  resembling  K and  Na  azides  in  this 
particular.  However,  just  two  years  later 
Curtius  & Rissom  (Ref  2)  reported  that  TlN3 
exploded  when  struck  or  heated  strongly. 

TV  / V L 1 ^ a.  I i « /D  a C A \ /4a«- J ■'-*  m C vA  / T 
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as  low  as  320°  in  5 sec  for  a 0.02g  TlN} 
sample  and  obtd  deton  of  a 0.01  to  0.05g 
compressed  sample  under  a 2 kg  impact.  These 
investigators  also  detd  the  Temp  Developed 
on  Expin  on  TiN3  as  3307°,  its  Press  (own 
volume)  as  36900  kg/cc,  Work  Density  as 

70  n L -rtfjr'jr-  f rs  nd  t-rya  H £>-r>  cjVv  at-  1 IDO  Iro  /rf' 
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as  3.89  g/cc  and  its  Initiating  Efficiency 
for  various  HE's  (see  table  under  mercurous 
azide  and  Ref  5)*  Bowden  & Williams  (Ref 
14)  reported  a Rate  of  Detonation  of  1500 
m/sec  for  TiN3,  in  confined  layers,  when 

initiated  at  RT  by  impact  on  a grit  particle, 

r.:. .:_i I.: .1 <nr> o L 
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Pb  chloride,  borax,  bismuthnite  and  chalco- 
cite,  markedly  increased  the  impact  sensi- 
tivity of  TIN3 

T hsTwiczl  £)  Qvipos it  ioTi  of  T1N3  in  srs  stn)  of 
N2  at  any  press,  according  to  Audubert  & 

Racz  (Ref  8)  was  not  accompanied  by  any 
UV  radiation.  UV  light  was  emitted  in  02 
or  air  at  press  from  2-10  mm.  The  energy  of 
activation  for  thermal  decompn  at  temp  be- 
low 228  ± 8°  is  43  i 2.5  keal/mol  and  above 

1 nO  I _ m / _i  ^ r\  ^ T / 1 A «_  ^ 
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above  10  mm  02  or  air  the  value  is  65.8  ± 2 
keal/mol.  Audubert  & Racz  (Ref  8)  suggested 
that  Tl,  like  Na,  can  inhibit  photogenic  re- 
action and  in  02  there  are  two  processes  pro? 
ducing  UV  radiation.  Yoffe  (Ref  15)  observed 
that  there  was  very  little  decompn  when  T1N3 

rr’ a S hCStvd  lit  u V»Cuuui<  O C C Olupix  OCCUTiCd 

when  T1N3  was  heated  in  an  elec  furnace.  At 
420°  T1NS  melted  to  a col  liq,  at  490°  it  de- 
composed rapidly  and  when  the  Na  press  was 
17  cm  some  of  the  azide  ignited  with  a green 
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flash  after  2 sec.  At  500°  the  time  for  expln 
was  less  than  1 sec  and  at  530°  expln  oc- 
curred instantaneously.  At  530°  expln  oc- 
curred even  when  TlN3  was  dropped  into  an 
evacuated  vessel.  A bomb  calorimeter  was 


used  by  Met  wan  & Williams  (Kef  17)  to  de- 
comp  TIN,  at  24°  under  30  atm  of  He.  Gray 

/D=(  1 o\  ( A 
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TljS  increased  the  sensitivity  of  TIN,  to 
heat.  Evans  & Yoffe  (Ref  20)  attempted  to 
correlate  the  expl  sensitivity  of  the  inorg 
azides  with  their  cryst  structure.  They  found 
that  the  decompn  depended  on  the  formation 
of  neutral  azide  radicals.  The  expl  sensi- 
tivity was  therefore  detd  by  the  degree  of 
elec  neutrality  possessed  by  the  azide  group 
in  the  rrvst  larrir-e.  A rnneirferaf-inn  nf  rk«» 


refractive  indices  and  appropriate  cryst 
structure  led  them  to  the  conclusion  that  the 
expl  sensitivity  was  dependent  on  the  ioni- 
zation potential  of  the  metal  forming  the 
azide 


Refs:  1)L.M. Dennis  & M.Doan,  JACS  18, 
970-5(1896)  2)T.Curtius  & J.Rissom,  J 
PraktChem  58,  283  & 305(1898)  & JCS  76  II, 
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595(1917);  JCS  112  I,  383-4(1917)  & CA  11, 
2900(1917)  4)L. Wohler  & F. Martin,  ZAng 
Cbem  30  I,  37-8(1917);  JSC  I 36,  570(1917) 

& CA  11,  3432(1917)  5)L. Wohler  & F. Martin, 

SS  12,  1,18,39,54  & 74(1917)  & CA  12,  629 
(1918)  6)A.R.Hitch,  JACS  40,  1202-3(1918) 

& CA  12,  1951(1918)  7)Meiior  8 (1928)352 
8)R.Audubert  & C.Racz,  CR  208,  1810-11 


No  38,  Lieferung  2(1940),  234-5  10)M.L. 

Brouty,  CR  214,  258-61(1942)  & CA  37,  2640 
(1943)  11)M-L. Brouty,  JChimPhys  39,  152- 
8(1942);  CR  215,  61-2(1942);  ChemZtr  1943 
I,  2073  & CA  38,  4180-1(1944)  12)A.Delay 
et  al,  BullFc  12,  581-7(1945);  CR  219,  329- 
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Kirk  & Othmer  7(1  S^5 1),  594  14)F,P. Bowden 

& H.T. Williams,  PrRoySoc  208A.  17^88 
(195D  Si  CA  46,  5844-5(1952)  15)A.D. Yoffe, 

PrRoySoc,  208A,  188-99(1951)  & CA  46  , 5845 
(1952)  16)S.Suzuki,  JChemSocJapan,  Pure 


ChemSect  73,  150-2(1952)  & CA  46,  9952 
(1952)  I7)W.S.McEwan  & M.M. Williams, 
JACS  76,  2182(1954)  & CA  48  , 9174(1954) 
18)P.Gray  & T.C.Waddington,  Chem  & Ind 
1955,  1555-6  & CA  50,  6237(1956)  1 9)P- 
Gray  Si  T.C.Waddington,  PrRoySoc  235A  106- 
19  & 481-95(1956)  & CA  50,  12627-8  & 15203 
(1956)  20)B.L, Evans  & A. D. Yoffe,  PrRoy 

Soc  238A,  568-74(1957)  & CA  51,  15129-30 
(1957)  21)T.C-Waddington  & P.Gray,  Compt 
Rend  27e  Congr  Intern  Chimlnd,  Brussels  3 
(1954)  & CA  50,  16328(1956)  22)H.Rosen- 
wasser,  "USArmyEngrRes  & DevelopLabsRpt 


1507-TR,  24(1957)  23)V.S.Nair  & G.H. 
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(1957)  24)Sax  (1957),  1174  25)H.Rosen- 
wasser,  US  ArmvEngrRes  & DevelopLabsRpt 
1551- TR,  42(1958)  MHydrazoic  Acid  and  the 
Metal  Azides"  (a  literature  survey) 


Thallous-Thallic  Azide,  TlN3’Tl(N3)3,  mw 
5 76-87,  N29.12%,  bright  yel  triclinic  crysts 
highly  expl  by  heat,  percussion  or  even 
.gentle  friction.  This  compd  as  a double  salt 
was  first  prepd  in  1896  by  L.M.Dennis  & M. 
Doan  (JACS  18,  973*5)  by  dissolving  thallic 
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and  concg  the  soln  in  a vac  desiccator.  The 
thallium  content  was  detd  by  dissolving 
some  of  the  crysts  in  dil  HC1,  reducing  the 
thallium  to  thallous  by  H2S03,  removing  the 
excess  HjS03  by  heating,  and  then  titrating 
with  KMn04.  The  nitrogen  content  could  not 


- I.  


be  ucid  by  tne  same  metnou  used  ror  iii\3 
because  the  double  salt,  TIN3*T1(N3)3,  could 
not  be  dissolved  either  in  w or  dil  acids 
without  evolution  of  HN3.  A few  milligrams 
of  sample  spread  in  a long  porcelain  boat 
contg  granular  copper  oxide,  in  an  atm  of 
C02,  exploded  violently  when  the  temp  of 
the  boat  had  risen  but  slightly.  Another 
portion  when  mixed  with  very  fine,  freshly 
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composed  quietly  and  gradually  giving  a 
nitrogen  content  of  29.3%-  The  supposition 
that  this  compd  is  a double  salt  was  con- 
firmed by  its  behavior  when  treated  with  hot 
water.  No  further  work  appears  to  have  been 
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reported  on  this  azide  (Gmelin,  System  No 
38,  Lieferung  2 (1940),  235) 

Tin  Azide.  Curtius  & Rissom  (Ref  1)  prepd 
Sn(N3)a  only  in  a very  impure  state  from  a 
17%  HNj  soln  and  tin-foil.  A non-expl  wh 
cotnpd,  insol  in  w,  was  separated.  An  aq  soln 
of  stannous  chloride  and  NaN,  gave  a wh  ppt 
which  was  thought  to  be  a mixt  of  stannous 
azide  & hydroxide  which  when  heated  with 
HjS04  gave  off  HN3  (Ref  3).  Browne  & 
Houhelan  (Ref  2)  obtd  no  reaction  from  tin 
in  contact  with  NH4N3  in  liq  NH3  after  4 hrs 
Attempts  by  Wiberg  & Michaud  (Ref  4)  to 
prepare  Sn(N3)4  were  unsuccessful.  A tetra- 
hydrofuran  soln  of  SnCl4  refluxed  for  5 hrs 
with  excess  NaN}  resulted  in  a wh,  solid, 
complex  salt,  Sn(N3)4‘2NaN3  or  NaaSN(N3)6, 
insol  or  only  si  sol  in  eth  or  benz  and 
hydrolyzed  by  moist  air.  A tetrahydrofuran 
soln  of  the  complex  salt,  sodium  hexazido- 
stannate,  detonated  on  boiling  over  a free 
flame  but  it  was  not  sensitive  to  percussion 
(see  Ref  5) 

Refs:  1)T. Curtius  & J. Rissom,  JPraktChem 

58,  299(1898)  & JCS  76  II,  91-2(1899)  2) 

A.W. Browne  & A. E.Houlehan,  JACS  33,  1752 
(1911)  & CA  6,  579(1942)  3)Mellor  8(1928), 
352-3  4)E. Wiberg  & H. Michaud,  ZNaturforsch 
9b,  500(1954)  & CA  49,  7^8(1955)  5)H.Rosen- 
wasser,  USArmyRes  & DevelopLabsRpt  1551" 
TR,  48(1958),  "Hydrazoic  Acid  and  the  Metal 
Azides"  (a  literature  survey) 

Zinc  Diazide  (formerly  called  Zinc  Azoimide 
or  Zinc  Trinitride),  Zn(N,)a,  mw  149-43,  N 
56.25%,  wh  hygro  powd,  easily  hydrolyzed. 

It  was  first  prepd  in  1892  by  Wislicenus  (Ref 
1)  by  the  action  of  nitrous  oxide  on  Zn  amide 
at  150-250°.  Curtius  & Rissom  (Ref  2)  obtd 
the  basic  zinc  azide,  ZnOHN,,  by  dissolving 
the  metal  in  dil  HN3  and  allowing  the  soln 
to  evap  in  air.  The  product,  ill-defined 
anisotropic  crysts,  was  insol  in  w.  Dennis 
& Isham  (Ref  3)  prepd  Zn(N3)a-2NH,  and  Zn 
(Nj)j'2Cs  H,  N by  dissolving  Zn  in  alcoholic 
HN3,  adding  dry  NH3  or  pyridine  in  excess, 
and  allowing  the  soln  to  evap.  Both  products 
were  wh,  crystalline  ppts,  insol  in  w,  and 


decompd  without  exp  In  when  heated  but  when 
thrown  on  a hot  plate  they  produced  a bright 
flame  and  a sharp  report.  Zn  in  contact  with 
NH4N3  in  liq-NHj  did  not  react,  except  very 
slowly  when  Pt  was  present  (Ref  4).  By 
shaking  together  the  finely  divided,  dry  Zn 
carbonate  or  basic  Zn  azide  with  HNS  in 
ether  until  the  solid  became  entirely  sol  in 
HjO,  Wohler  (Ref  5)  obtd  Zn(N3)2  and  detd 
some  of  its  props.  The  toxicity  of  Zn(N,)2 
is  not  discussed  by  Sax  (Ref  16) 

According  to  Wohler  & Martin  (Ref  6),  Zn 
(N3)j  is  detonated  under  impact  of  a 2 kg  wt 
and  exploded  in  5 sec  at  289°  The  heat  of 
detonation  is  360  cal/g  (Ref  6)  and 
-50.8  kcal/mol  (Ref  14).  These  investiga- 
tors consider  Zn(N3)2  a rather  weak  expl 
approaching  in  its  expl  props,  the  alkaline 
earth  azides  which  are  not  as  powerful  as 
the  heavy  metal  azides 

Petrikaln  (Ref  7)  photographed  the  spectra 
of  Zn(N3)2  and  other  azides.  With  the  azides 
of  Ca,  Sr  and  Ba,  not  only  triplet  system 
lines  but  also  those  of  the  singlet  system 
were  emitted.  Zn(N3)2  emitted  only  triplet 
system  lines  of  the  diffuse  and  sharp  series. 
In  addn  the  oxide  bands  were  present  in 
all  the  spectra.  Kahovec  & Kohlrausch  (Ref 
13)  detd  the  Raman  spectra  of  basic  zinc 
azide  crysts. 

An  addn  compd  with  mercuric  cyanide, 
Hg(CN)a-Zn(N3)a,  which  deflagrated  but  did 
not  explode  when  heared,was  prepd  by 
Ricca  & Pirrone  (Ref  10)  from  aq  solns  of 
NaN,,  ZnS04  and  Hg(CN)2.  Strecker  & 
Schwinn  (Ref  12)  prepd  some  Zn  azide  com- 
plex salts,  [Zn(CsHj  N)2]  (N,)a  and  [Zn 
(CjH^NH^jjJ  (N3)2,  and  detd  their  props.  A 
group  of  mixed  Zn  halogen  azides  of  the 
type  [ZnNIaNa]  M were  prepd  by  Vournazos 
(Ref  8). 

For  addni  information  or  discussion  also 
see  Mellor  (Ref  9),  Audrieth  (Ref  11)  and 
Gmelin  (Ref  15) 

Refs:  1)W.  Wislicenus,  Ber  25,  2085(1892)  & 
JCS  62  II,  1151(1892)  2)T.Curtius  & J. 
Rissom,  JPraktChem  58,  292  & 305(1898)  & 
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JCS  76  H,  92(1899)  3)L.M.Dennis  & H. 
Isham,  JACS  29  , 20-1(1907)  & CA  1,  528 
(1907)  4)A.W.  Browne  & A.E.Houlehan, 

JACS  33,  1751-2(1911)  & CA  6,  579(1912) 
5)L. Wohler,  ZAngChem  271,  335-6(1914)  & 

CA  9,  1115(1915)  6)L.  Wohler  & F. Martin, 
Ber  50,  594-5(1917);  JCS  112  I,  384(19  1 7); 
ZAngChem  30  I,  33-9(1917);  JCS  I 36,  570 
(1917)  & CA  U,  2900  & 3432  (1917)  7)A. 
Petrikaln,  ZPhysik  37,  610-8(1926)  & CA 
20,  2791(1926)  8)A.C.Vournazos,  ZAnorg 
Chem  164,  263-73(1927)  & CA  21,  3841 
(1927)  9)Mellor  8 (1928),  350  10)B.Ricca 
& F.Pirrone,  Gazz  59,  564-8(1929)  & CA  24, 
309(1930)  11)L.F.  Audrieth,  ChemRevs  15, 

199-201(1934)  12)W.Strecker  & E. Schwinn, 
JPraktChera  152,  205-18(1939)  & CA  33,  5314 
(1939)  13)L.Kahovec  & K.W.Kohlrausch, 
Monatsh  77,  180-4(1947)  & CA  42,  6666-7 
(1948)  14)F.D. Rossini,  BurMinesCirc  500 

(1952),  182  15)Gmelin,  System  No  32(1956), 
834-5  & 32  (1924),  148  l6)Sax(1957) 
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AZIDES,  ORGANIC 

Azido  or  Triazo-  Compounds,  contg  one  or 
more  -Nj  groups,  are  the  org  derivatives  of 
hydrazoic  acid,  HN3.  These  compds  are 
usually  unstable  to  heat  and  often  decompose 
violently.  They  may  be  divided  into  four 
classes: 

a) Alkyl  Azides  — obtd  by  reacting  NaN3  with 
alkyl  sulfates  or  halides: 

RS04  + NaN,  ■+  RN3  + R*SOvNa 
The  azide  group  in  these  compds  usually 
hydrolyzes  to  form  HN3 

b) Aryl  Azide s(Diazoimides)  — obtd  by  reacting 
NaNi  with  aromatic  diazonium  salts  in  acid 
soln: 

ArNjCl  + NaNj  -*■  ArN,  + NaCl  + N2 

Most  of  these  azides  are  yel  liquids,  insol 
in  w,  more  stable  than  the  alkyl  azides  and 
do  not  hydrolyze 

c) Acyl  Azides  — prepd  by  the  action  of  HN02 
on  a hydrazide  or  of  an  acid  chloride  on  NaN3: 

R-CO-NH-NHj  + HN02  -»  RCOiN3  + 2H20 
R-C0C1  + NaN3  -*  RCON3  + NaCl 

These  compds  are  liquids  or  low  melting 
solids,  si  sol  in  w and  sol  in  common  org 
solvents 

d) Azide  Salts  — obtd  by  treating  org  salts 
with  metallic  azides: 

H2N*C-(:N11)-NH2«HC1  + AgN,  - 
H2N-C-(;NHKNH2-HN3  + AgCl 

For  purposes  of  org  nomenclature  the 
terms  ''azido"  and  "triazo"  are  used  syn- 
omously  in  the  literature.  The  aryl  azides 
are  often  called  in  German  diazoimides. 
Aliphatic  diazo  compds  contain  the  group 
= CN2,  represented  as  a resonance  hybrid  of 
the  structure 

= C = N - N and  = C «-  N = N 
The  monovalent  azide  group,  -JM3,  is  closely 
related  to  the  divalent  diazo  group  and  can 
be  regarded  as  derived  from  the  latter  by 
replacement  of  a tetravalent  carbon  atom  by 


a trivalent  nitrogen  atom.  The  structure  may 
be  represented  as  a resonance  hybrid 

R-N'NiNandR-N^NsN 

The  acyl  derivatives  of  hydrazoic  acid  can 
be  regarded  as  derivatives  of  acids  in  which 
the  acidic  hydroxyl  group  has  been  replaced 
by  an  azide  group 

The  literature  contains  reviews  of  the 
chemistry  of  org  azides  (Refs  5 & 11).  Smith 
(Ref  8)  has  reported  on  the  acyl  azides, 

Denson  (Ref  9)  on  those  a-azidoalkylidenimines 
which  undergo  cyclic  isomerizations  to  tet- 
razoles  and  Boyer  & Canter  (Ref  15)  made  a 
thorough  survey  of  the  available  information 
on  alkyl  and  aryl  azides.  Cirulis  & Straumanis 
(Ref  6)  prepd  a number  of  new  azides  of  org 
bases  but  none  of  these  azides  showed  expl 
props.  Schaad  (Ref  14)  obtd  a patent  for  the 
manuf  of  esters  of  hydrazoic  acid  based  on 
the  reaction  of  alkenes,  cyclic  olefins,  aryl- 
alkenes  & cycloalkylalkenes  with  HN3  in  the 
presence  of  an  acid  catalyst 

The  dipole  moments  and  structures  of  the 
org  azides  and  aliphatic  diazo  compds  were 
studied  by  Sidgwick  et  al  (Ref  4).  Sheinker 
& Syrkin  (Ref  13)  made  vibrational  spectra 
measurements  of  org  azides  and  deduced 
the  configuration  of  azide  compds.  UV  spectra 
confirmed  the  observations  made  on  Raman 
and  IR  spectra.  Heats  of  combustion  and  for- 
mation of  org  azides  were  detd  by  Murrin  & 
Carpenter  (Ref  16).  Patterson  et  al  (Ref  7) 
discussed  the  CA  method  of  naming  and  in- 
dexing org  azides.  For  addnl  info  and  dis- 
cussion of  org  azides  see  the  general  refer- 
ences (Refs  1,2,3,5,8,10  & 12) 

This  discussion  or  listing  of  org  azides 
is  based  on  the  following  conditions: 

a) \Vhen  an  azide  or  azido  compd  is  one  of 
the  derivatives  (others  are  nitro,  nitroso  etc) 
of  a parent  compd,  such  as  methane,  the 
azide  derivative,  as  well  as  others,  may  be 
located  under  the  parent  compd.  For  example, 
methyl  azide  is  discussed  under  Methane  and 
benzoyl  azide  under  Benzoic  Acid 

b) When  an  azido  compd  is  the  only  derivative 
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of  a parent  compd  or  if  the  compd  is  gener- 
ally known  as  azido,  for  example  azidodithio- 
carbonic  acid,  it  is  discussed  in  this  section 
if  it  has  expl  props 

c) Derivatives  of  acids  in  which  the  acidic 
hydroxyl  group  has  been  replaced  by  an 

azide  group,  for  example  acetazide,  ailophanyl- 
azide,  crotonylazide,  oxamyiazide,  phthalyl- 
azide  etc,  are  placed  in  alphabetical  order 
according  to  their  first  letter.  Therefore,  org 
azides  or  azido  compds  discussed  or  listed 
in  this  section  all  begin  with  letter  A.  Others 
will  be  found  and  discussed  under  their  ap- 
propriate alphabet  letter 

d) Some  azido  compds,  such  as  azidoaniline 
or  azidoanisole,  are  also  included  in  this 
section  when  considered  more  convenient 
than  to  list  them  under  their  parent  compd 

Refs  on  Org  Azides:  l)Beii stein  (see  under 

individual  compds)  2)T.Curtius  et  al,  JPrakt- 
Chern  50,  275(1894)  & 58,  190(1898)  3)M.O. 

Foster  & H.E.Fierz,  JCS  93  I,  72-85(1908) 

4)N. V.Sidgwick  et  al,  JCS  1933,  406-12  & 

CA  27,  3459(1933)  5)Sidgwick,  OrgChem  of 
N (1942),  363-77  6)A.Cirulis  & M.Straumanis, 
JPraktChem  161,  65-76(1942)  & CA  37,  5022-3 
(1943)  7)A.M. Patterson  et  al,  CA  39,  5917 

(1945)  8)P.A.Smith,  "The  Curtius  Reaction" 
in  Organic  Reactions,  JWiley  & Sons,  NY,  3 
(1946),  337  9)F.R. Benson,  Chem  Revs  41, 

1-61(1947)  10)Kirk  & Othmer,  2 (1948), 

213-4  ll)V.Grignard  & P.Baud,  "Azides" 
in  "Traite'  de  Chimie  Organique",  Masson, 
Paris,  15  (1948),  714-91  12)Degering(1950), 

258-91  13)Yu.N.  Sheinker  & Ya.K.  Syrkin, 

IzvestAkadN,  SerFiz  14,  478-87(1950)  & CA 
45,  3246  (1951)  14)R.E.Schaad,  USP  2557924 
(1951)  & CA  46,  1028(1952)  15)J.H.8oyer  & 
F.C.Canter,  ChemRevs  54,  1-59(1954)  16) 

J.W.Murrin  Si  G. A. Carpenter,  USNavalPowder 
Factory,  MemRpt  129(195  7) 


LIST  OF  ORGANIC  AZIDES 
OR  AZIDO  COMPOUNDS 

Acetonetetrazylazide.  See  under  Acetonyl- 
tetrazole  and  Derivatives,  p A47 
Acetylglyeineazide.  See  p A69 
Acryloylazide.  See  under  Acrylic  Acid  and 
Derivatives,  p A97 

Adipyldiazide.  See  under  Adipic  Acid  and 
Derivatives,  p A104 
Aleurityiazide.  See  p A 123-4 
Alkylazides.  See  pp  A129  & A130 
Alkyltetrazylazides.  See  p A133 
Ailophanylazide.  See  p A133-4 
Allylazide.  See  p A137 

o-Aminoazidoacetophenone  or  o-Aminophenyl- 
acylazide.  See  under  Aminoacetophenone  and 
Derivatives,  p A178 

Aminobenzazide  or  Aminobenzoylazide.  See 

under  Aminobenzoic  Acid  and  Derivatives, 
p A188-9 

i so-Amyl acetylazi de.  See  under  Amyl  Acetate, 
p A394 

Amylazide.  See  under  Amylamine  and  Deriv- 
atives, p A395 

Amyimalonylazide.  See  p A396 
iso-Amylureidoacetyl  Azide.  See  p A399 
Anil inobenzenediazonium  Azide.  See  under 
Anilinobenzenediazonium  Hydroxide  and 
Derivatives,  p A421 

Aniiinodinitrobenzoyl  Azide.  See  under 
Anilinobenzoic  Acid  and  Derivatives,  p A421 
Anisalani shydrazide  Azide.  See  p A 444 
Anisicazide  or  Anisoylazide.  See  p A456 
Anthranilic  Acid  Azide.  Same  as  Amino- 
benzazide (qv),  p A188-9 

Anthranoylazide.  Same  as  4-Aminobenzazide 
(qv),  p A189 

Anthraqui none  Azide.  See  under  Anthraquinone 
and  Derivatives,  p A459 

Azidine  or  Acetazidin  is  listed  in  Ref  1 as  a 
compd  of  formula  CH3C(:NNH2)‘N:NH.  No 
compd  of  this  formula  was  found  in  CA  through 
1957 

In  English,  azidine  is  the  name  suggested 
for  the  radical  — C(=NH)N3  by  analogy  with 
amidines  which  are  derived  from  the  amides 
by  replacement  of  oxygen  in  -CONHz  by  the 
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divalent  amido  residue  =NH  or  =NR.  Thus, 
for  the  structural  change  -CON3-* -C(=NH)NS 
the  nomenclature  should  be  azide  -♦  azidine, 
according  to  Scott  et  al  (Ref  4),  except  the 
term  azidine  does  not  appear  to  have  been 
used  previously  in  the  literature 
Carbamoyl  azides  (called  by  Scott  et  al 
carbamylazides),  R1RaNCONJ,  in  which  either 
R1  or  R2  is  H,  form  an  enolic  structure  which 
contains  the  hydroxy- substituted  azidine 
radical  and  thereby  become  resistant  to  the 
Curtius  rearrangement:  RCON}  -+  N2  + 

RCON  -»  RN  = CO.  The  carbamoyl  azides,  as 
a group,  were  classified  by  Bertho  (Ref  3) 
as  resistant  to  the  Curtius  rearrangement. 
However,  other  work  by  Stoll  e (Ref  2)  showed 
that  while  some  members  of  this  group  (Ra 
or  Rj  “ H and  Ra  or  Rj  “ alkyl/aryl)  failed  to 
become  rearranged,  others  (Rt  or  Ra  “ CSHS  ) 
did  so.  Scott  et  al  offered  a different  inter- 
pretation for  the  resistance  of  carbamoyl 
azide  to  such  change 

Refs:  l)Beil  2,  4 2)R.Stolle,  Ber  57,  1063 

(1924)  3 )A. Bertho,  JPraktChem  120,  89 
(1929)  & CA  23,  817(1929)  4)F.L.Scott  et 
al,  Nature  170,  922-3  (1952)  & CA  47,  9923 
(1953) 

Azidoacenaphthene.  See  under  Acenaphthene 
and  Derivatives,  p A 12 
Azidoacetaldehyde.  See  under  Acetaldehyde 
and  Derivatives,  p A 15 
Azidoocetamide.  See  under  Acetamide  and 
Derivatives,  p A 16 

Azidoacetamidophenol.  See  under  Acetamido- 
phenol  and  Derivatives,  p A20  & 21 
Azidoacetamidophenol,  Dinitro.  See  under 
Acetamidophenol  and  Derivatives,  p A21 

Azidoocetanilide.  See  under  Acetanilide  and 
Derivatives,  p A23 

Azidoacetate  (Triazoacetate)  Salts.  The 
normal  Pb,  Ag,  K or  uranyl  triazoacetate 
salt  has  been  proposed  as  an  ingredient  of 
priming  compositions.  For  example,  Pb 
triazoacetare/Pb  styphnate/Pb  thiocyanate/ 
Pb  nitrate/glass:  10/32/8/30/20% 

Ref:  P.H.Burdett  & G.M.Calhoun,  DSP 

2356211(1944)  & CA  39,  194(1945) 


Azidoacetic  Acid.  See  under  Acetic  Acid 
and  Derivatives,  p A27 

Azidoacetic  Anhydride.  See  under  Acetic 
Anhydride  and  Derivatives,  p A31 

Azidoacetone.  See  under  Acetone  and  Deri- 
vatives, p A39 

Azidoacetoneacetylhydrazide.  See  under 
Acetone  and  Derivatives,  p A39 

Axidoacetonitrile.  See  under  Acetonitrile  and 
Derivatives,  p A45 

Azidoacetonylditetrozole.  See  under  Acetonyl* 
tetrazole  and  Derivatives,  p A47 
Azidoacetonyltetrazole.  See  under  Acetonyl- 
tetrazole  and  Derivatives,  p A47 
Azidoacetophenone.  See  under  Acetophenone 
and  Derivatives,  pp  A47-8 
Azidoacetophenoneoxime.  See  under  Aceto- 
phenoneoxime  and  Derivatives,  p A49 
Azidoacetoxime.  See  under  Acetoxime  and 
Derivatives,  p A51 

Azidoacetyl-dl-alanine.  See  under  Acetylal- 
anine  and  Derivatives,  p A54 

Azidoacetyl-dl-alanine  Chloride.  See  under 
Acetylalanlne  and  Derivatives,  p A54 
Azidoacetyl  Chloride.  See  under  Acetyl 
Chloride  and  Derivatives,  p A57 

Azidoacetyidiphenylamine.  See  under 
Acetyldiphenylamine  and  Derivatives,  p A58 

Azidoocetylglycine.  See  Acetylglycine 
Azide,  p A69 

Azidoacetylhydrazide,  Acetone-.  See  under 
Acetone  and  Derivatives,  p A39 

Azidoacetylsalicylic  Acid.  See  under  Acetyl- 
salicylic  Acid  and  Derivatives,  p A87 

Azidoacrylic  Acid.  See  Acryloyiazide  under 
Acrylic  Acid  and  Derivatives,  p A97 
Azidoamide;(Carbamyl  Azide).  See  under 
Carbarn ic  Acid  and  Derivatives  and  Beil  3, 
129,  (59)  & [102] 

Azidoaminoacetophenone.  See  under  Amino- 
acetophenone  and  Derivatives,  p A 178 
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Azidoa  mi  no  benzoic  Acid,  See  Aminobeozazide 
under  Aminobenzoic  Acid  and  Derivatives, 
p A 188- 9 

Azidoami noethane.  See  under  Aminoethane 
and  Derivatives,  p A199 
Azidoaminomethylguanidine.  See  under 
Amino methylguanidine  and  Derivatives,  p 

A232 

Azidoaminopropane.  See  under  Aminopropane 
and  Derivatives,  p A250 
Azidoaminothiadiazole,  Nitroso.  See  5- 
Azido-2-nitrosamino-  1,3,4-thiadiazole  under 
Aminothiadiazole  and  Derivatives,  p A262 

AZIDOANILiNE  AND  DERIVATIVES 

Azidoaniline;  Aminodiazobenzeneimide; 
Aminotriazobenzene  or  Triozoaniline, 

N,-QH4-NH,,  mw  134.14,  N 41.77,  OB  to 
CO,  -179%.  The  following  isomers  are 
known: 

3- Azidoaniline,  yel  oil  of  unpleasant  odor; 
rap-explodes  on  heating;  volatile  with  steam; 
easily  sol  in  ale  or  eth.  It  was  prepd  by 
heating  3-azido-phenyloxamic  acid  with  coned 
KOH  soln 

Refs:  l)Beil  12,  772  2)P.Griess,  Ber  18, 

963(1885) 

4-  Azidoaniline,  Ifts  (from  eth),  mp  62-5°; 
volatile  with  steam  and  puffs  off  on  stronger 
heating;  very  sol  in  ale,  eth- or  chlf  & si  sol 
in  w.  It  was  first  prepd  by  heating  4- 
azidophenyloxamic  acid  with  coned  KOH 
soln  (Ref  2).  Silberrad  & Smart  (Ref  3)  prepd 
it  by  slowly  distilling  acetyl-p- azidoaniline 
in  40%  KOH  soln.  This  compd  forms  expl 
salts  (Ref  4) 

Refs:  l)Beil  12,  772  2)P.Griess,  Ber  21 , 

1559(1888)  3)0. Silberrad  & B.J.Smart, 

JCS  89  I,  171(1906)  4)S.Maffei  & A.M.Rivolta, 
Gazz  84,  750-2(1954)  & CA  49,  13925(1955) 

Azidoaniline  Perchlorate,  N1<C4H4*NH1HC104, 
mw  234.61,  N 23.88%,  OB  to  CO,  -78.4%; 
red  plates,  mp  - puffs  off  without  melting.  It 


can  be  prepd  by  treating  4-azidoaniline  with 
perchloric  acid.  It  is  very  sensitive  to  expln 
by  impact.  This  compd  was  prepd  and  in- 
vestigated by  the  duPont  Co  during  WW  II 

Refs:  I)Beil  — not  found  2)A.H.Blatt, 

OSRD  Rpt  2014(1944),  under  Azides 

p-Azidoanil ine  Picrate, 

HOCeH,(NO,),,  mw  363.26,  N 2 6.99%,  OB  to 
CO,  -107.9%;  mp  64-5°  (from  MeOH).  It  was 
prepd  in  75%  yield  from  4-azidoaniline  and 
excess  picric  acid  in  MeOH,  the  soln  freed 
of  picric  acid  by  treatment  with  aq  Na,C03. 

By  the  same  method  p-azidodimethylaniline 
picrate , mp  47%  (from  petr  eth)  was  obtd  in 
78%  yield.  These  compds  were  isolated  as 
picrate s to  identify  the  respective  azidor 
amines 

Refs:  l)Beil  - not  found  2)S.Maffei  & 

A.M.Rivolta,  Gazz  84,  750-2(1954)  & CA  49, 
13925(1955) 

AZID0ANIS0LE  AND  DERIVATIVES 

Azidoanisole  or  Methylazidophenylether, 

C,H7N,0,  mw  149.15,  N 28.18%,  OB  to  CO, 
-177.0%: 

2-Azidoanisole  (called  o-Merhoxy-diazobenzo- 
limid  in  Ger),  Nj-QlVOCHj,  yel  oil.  It  was 
prepd  from  o-methoxybenzenediazoniumper- 
bromide  and  NHS 

Refs:  » l)Beil  6,  293  2)H.Rupe  & K.  von 
Majewski,  Ber  33,  3405(1900) 

4-Azidoanisole  (p-Azidoanisole),  N3'C«Ht* 
OCH,;  yel  plates  (from  petr  eth  or  eth),  mp 
35-36°;  dec  at  150°  and  20  mm.  It  was  prepd 
from  p-methoxybenzenediazoniumperbromide 
and  NHS 

Refs:  l)Beil  6,  294  & (142)  2)H.Rupe  & 

K.vonMajewski,  Ber  33,  3405-6(1900)  3) 

M.D. Forster,  JCS  89  , 238(1906)  M.O.Forster 
& H. E.Fierz,  JCS  91,  862(1907)  4)0.Dimroth 
& K.Pfister,  Ber  43,  2763(1910)  5)H. 
Bretschneider  & H.Rager,  Monatsh  81,  970 
(1950)  & CA  45,  7973(1951) 
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4-N itro-2-Ai  idooni sole,  Ns 'QHjWCbJ'OCHj , 
mw  194.13,  N 28.86%,  OB  to  C0a  -115.3; 
yel  ndls  having  odor  of  bitter  almonds.  It 
was  prepd  by  Griess 

Refs:  l)Beil  6 , 294  2)P. Griess,  JCS  20, 

88(1867) 

Azidoanthraquinone.  See  under  Anthraquinone 
and  Derivatives,  p A459"60 

Azidoantipyrine.  See  under  Antipyrine  and 
Derivatives,  p A471 

Azidoazobenzene.  See  under  Azobenzene, 
p A647 

Azidoazomethine— Tetrazole  Equilibrium. 

See  under  Tetrazole  Equilibrium  and  J.H. 
Boyer  & E.J. Miller,  Jr,  J ACS  81, 4671(1959) 

p-Az idobenzoldehyde.  See  under  Benzalde- 
hyde  and  Beil  .7,  266  & (145) 

Azidobenz-anti-aldoxime,  Methyl  Ester. 

See  under  Benzaldoxime  and  Beil  7,  266 

Azidobenzene;  Triazobenzol;  Diozobenzoli- 
mide  or  Phenyl  Azide.  See  under  Benzene 
and  Beil  5,  276,  (141)  & [207] 

Az idobenzenedia  mmoniumhydroxid'e.  See 

under  Benzenediammoniumhydroxide  and 
Beil  16,  493 

Azidobenzenedioxime,  See  under  Benzene- 
dioxime  and  Beil  7,  266  & (145) 

Azidobenzenesulfonic  Acid.  See  under 
Benzenesulfonic  Acid  and  Beil  11,  80  & 

[37] 

Azidobenzfuroxan.  See  under  Benzfuroxan 
and  Derivatives 

Azidobenzoic  Acid.  See  under  Benzoic  Acid 
and  Beil  9,  418,  (168-9)  & [286] 

Azidobenzoic  Acid  Amide.  See  under  Benzoic 
Acid  Amide  and  Beil  9,  418 
Azidobenzoic  Acid  Hydrazonium  Hydroxide. 
See  under  Benzoic  Acid  Hydrazonium 
Hydroxide  and  Beil  16,  548 

Azidobenzoic  Acid,  Methyl  Ester.  See  under 
Benzoic  Acid  and  Beil  9,  418 

Azidobenzonitrile.  See  under  Benzonitrile 
and  Beil  9,  418-9  & (169) 


N-[(a~Azidobenzylidene)-N  -benzyl idene]- 
hydrazide.  See  under  Benzalazine  and 
Derivatives 

4-[4-Azidobenzylideneamino]-phenoi.  See 

under  Benzyl ideneaminophenol  and  Beil  13, 
(155) 

Azidobromobenzene  (l-Bromo-4-Triazobenzene). 

See  under  Bromobenzene  and  Beil  5,  277, 

(142)  & [208] 

l>Azido-2>Bromoethane.  See  under  Bromo- 
ethane  and  Beil  l,  (33) 

Azido-5>Bromonicotinic  Acid.  See  under 
Bromonicotinic  Acid  and  (Beil  — not  found) 
R.Graf  et  al,  JPraktChem  138,  244(1933) 

1-Azido-4(or  5)-Bromo-2-Nitrobenzene.  See 

under  Bromobenzene  and  Beil  5,  (143) 
l-Azidobutane-(2>Triazobutane).  See  under 
Butyl  Azide  and  (Beil  — not  found)  J.H. 

Boyer  & J. Hamer,  JACS  77,  951-4(1955) 
1-Azidobutanone  (1  -Triazobutanone-2).  See 
under  Butanone  and  Beil  1 , 671 

Azidobutanoneoxime.  See  under  Butanone- 
oxime  and  Beil  1,  671 

Azidobuttersaure  (Ger).  Azidobutyric  Acid 
a-Azidobutyric  Acid  or  a-Triazobutyric  Acid. 

See  under  Butyric  Acid  and  Beil  2,  287,299, 
(126)  & [257] 

Azidobutyric  Acid  Amide.  See  under  Butyric 
Acid  Amide  and  Beil  2,  287  & 299 

Azidobutyric  Acid  Azide.  See  Azidobutyryl- 
azide 

Azidobutyric  Acid,  Ethyl  Ester.  See  under 
Butyric  Acid  and  Beil  2,  287,299  & (126,130) 
Azidobutyric  Acid  Hydrazide.  See  under 
Butyric  Acid  Hydrazide  and  Beil  2,  (126) 

Azidobutyrylozide.  See  under  Butyric  Acid 
and  Beil  2,  (126) 

Azidocaffeine.  See  under  Caffeine  and  Beil 
26,  477 

3-Azido-d-camphor  or  Camphorylazide.  See 

under  Camphor  and  Beil  7,  133 

3-Azidocarbazole.  See  under  Carbazole  and 
Beil  20,  [290] 
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Azido  Carbon  Uisuifide.  See  under  Carbon 
Disulfide  and  Beil  3,  [160] 


Mziaocaroonyi  mazonium  nyaroxiae.  See 

under  Carbonyl  Diazonium  Hydroxide  and 


ZElectrochern  53,  383-7(1949)  & CA  44, 
4331-2(1950) 


Azidocarboxyphenyloxamic  Acid.  See  under 
Carboxyphenvloxamic  Acid  and  Beil  14,418 

Azidochloroethane  (1-  Azido-2-Chloroethane). 

See  Chloroethvl  Azide  under  Ethyl  Chloride 

and  Beil  1 , (33) 

2-Azido-3  ■cumaranone.  See  under  Cumaranone 
and  BeU  17,  [127] 

Azidocyanformamidine,  -See  under  Cyanform- 
amidine  and  Beil  3,  [102] 
Azidocyaniminoaminometbane,  See  under 
Cyaniminoaminomethane  and  Beil  3,  [102] 
Azidoeyelobopfane.  See  Cycloheptyl  Azide 
under  Cycloheptane  and  J.H. Boyer  et  al, 

JACS  78,  325-7(1956)  & CA  50,  12855(1956) 

Azidocyclohexane.  See  Cyclohexyl  Azide 
under  Cyclohexane  and  J.H. Boyer  et  al, 

JACS  78,  325-7(1956)  & CA  50,  12855(1956) 
Azidocyclopentane.  See  Cyclopentyl  Azide 
under  Cyclopentane  and  J.H. Boyer  et  al, 

JACS  78,  325-7(1956)  & CA  50,  12855(1956) 

2-Azido-4-diazobenzenesulfonic  Acid.  See 

under  Diazcbenzenesulfonic  Acid  and  Beil 
16,  565 

l-Azido-1 ,2-dibromoethane.  See  under  Di- 
bromethane  and  Beil  1,  (33) 

Azidodiethylether.  See  under  Diethylether 
and  Beil  1,  (171) 

Azidodiethyl succinate  (Azidobernstein- 
sauredialthylester  in  Ger).  See  under  Diethyl- 
succinate  and  Beil  2,  (270) 
Azido-3,4-dihydroxy-2,5-furandicarbonyl. 

See  Dihydroxyfurandicarbonyl  and  A.Darapsky 

M u n.  1 in  1 1 i / 1 a/1  a-^/\ 

« M.oiauoer,  jr'raKC^ncm  w, 

& CA  31,  396(1937) 

Az  idoai  methyl  am  inobenzerieazotf  id  zoie.  See 
under  Dimethylaminobenzeneazotriazole  and 
R. Stolid  ^ VP, Dietrich , jPralctChern  139, 


202(1934)  & CA  28,  2714(1934) 

Azidodimethylazobenzene.  See  under  Di- 
methylazobenzene  and  Beil  16,  63,65  &06 
Azidodimethylbenzaldehyde.  See  under  Di- 
methylbenzaldehyde  and  Beil  7,  313 
Azidodimethylbenzene.  See  Xylyl  Azide  under 
Dimethylbenzene  (Xylene)  and  Beil  5,  389 
& (188) 

Azidodimethylbenzoic  Acid.  See  under  Di- 
methylbenzoic  Acid  and  Beil  9,  538 
Azidodimethyldinitrobenzene.  See  under 
Dimethylbenzene  (Xylene)  and  Beil  5,  382 
& ( 188) 

Azidodimethyldinitrobutyl benzene  or 
Azidodinitrobutyixyiene.  See  under  Butyixyiene 
and  Beil  5,  448  & [340] 

Azidodimet'hyiindazoie.  See  under  Dimethyl- 
indazole  and  Beil  23,  [166] 

Azidodimethylnitrobenzene.  See  under  Di- 
methylbenzene (Xylene)  and  Beil  5,  381-2 

4-Azido-3,5-dimethylpyrozole.  See  under  Di- 
methylpyrazole  and  Beil  23,  (25) 
Azidodinitroacetamidophenol.  See  under 
Acetamidophenol  and  Derivatives,  p A21 

Azidodinitrobenzene  (Dinitrophenyl  Azido). 

See  under  Benzene  and  Beil  5,  279  & [209] 

2-Azidodinitrobiphenyl . See  under  Biphenyl 
and  P. A. Smith  & B.B. Brown,  JACS  73,  2438 
(1951)  & CA  46,  494-5(1957) 

Azidodinitronaphthalene.  See  under  Naphthalene 
and  Beil  5,  565-6  & [460] 

2- Azido-4,6-Dinitrophenol.  See  under  Phenol 
and  (Beil  — not  found)  A.H.Blatt,  OSRD  Rpt 
2014(1944) 

3- Azido-2,4-Dinitrophenylhydrazone  Propionate. 

See  under  Phenylhydrazone  Propionate  and 
J.H. Boyer,  JACS  73,  5248(1951)  & CA  47, 

48  9-90(1953) 

Azidoa'iniiraioiuene.  See  under  Toluene  ana 

Beil  5,  350-1,  (174)  & [350] 

Azidodinitroxylene.  See  under  Xylene  and 
Beil  5,  382  & (188) 
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Azidodiphenylamines.  See  under  Diphenyl- 
amine  and  Beil  12,  [4291 


AZIDODITHtO CARBONIC  ACID 
AND  DERiVATiVES 


At  ^ A *■  JmJ  ■ ■ aIavim  i ^ 

' — 

Acid)  (called  Azidodithioameisensaure  or 
Dithiokohlensaiureazide  in  Ger), 

H-SC  -N=NsN,  raw  119.17,  N 35.27%;  wh  or 

si  vel  rrvst.  mn  so-^^0  fd  prl  pirn  I nrl  pr  iir 

j ~~  — / — r ■ - *■  ' y » — i — — 

70°;  sol  in  ale,  methanol,  eth,  benz  & AcOH 
and  fairly  sol  in  w.  It  was  first  prepd  by 
Sommer  (Ref  2)  by  treatment  of  a cold  coned 
soln  of  Na  azidodithiocarboxylic  acid  with 
coned  HCi,  but  no  evidence  was  offered  to 
identify  the  compd.  It’s  prepn  has  been  de- 

c r* r i K Arl  Ku  DlitfOfuLlQnrlala  of  QinifU 

v -'/J 

et  al  (Refs  4 & 9),  Audrieth  (Ref  8)  and 
others.  Azidodithiocarbonic  Acid  can  be  prepd, 
according  to  Smith  et  al  (Refs  4 & 9),  by 
refluxing  for  48  hrs  at  40°  pure  CS^  and  a 
coned  aq  soln  of  recry std  NaNs,  filtering  the 

soln,  washing  the  crysts  with  chilled  coned 
u/'-f  o.  : ... i j~.:_ _ -k  „ i. 1 1 

i ivi  w.  ivc  w aiiu  Uiyiii^  m«*-  ^ivuu^i.  u 


HSCSNj  is  stored  in  a desiccator  in  the  dark, 
below  10°,  it  is  stable  for  several  days 
This  compd  is  sensitive  to  light  and  heat. 

At  RT  it  decomposes  at  a rate  characteristic 
of  monomolecular  reactions.  Decompn  is 
catalyzed  in  the  dry  state,  but  not  in  aq  solos, 


i : ^ j * ^ _ i ? _ ? _ 

uy  <>u  in ici in cui cue  piuu  ut  uy  uic  uuucy  ami; 

acid  formed: 


ucrcv  . ucrw  ±Cj.w  ♦ 

i i 1^2  1 

In  aq  soln  the  compd  is  much  more  stable 
(Ref  A),  Elec  conductivity,  potentiometric 
titration  and  cryoscopic  detns  all  show  that 
HSCSNi  is  an  acid  comparable  in  strength 
to  H2S04  (K-2.14  x 10“a)  (Ref  7).  The  elec- 
trode potential  of  an  a zidocarbondi sulfide- 

_1 I- / J 

n^iuvuiuiiutiiujuiidic  cicLiiuu c was  lumiu 

to  be  0.275V  (Ref  10).  The  diln  (in  I/mol) 
at  which  the  salt  is  completely  dissociated 
in  CH}CI,  the  ratio  of  this  diln  to  that  of 
AcOH  taken  as  l.and  the  ratio  of  the  dissocn 
constant  to  that  of  AcOH  taken  as  l,was 


found  by  Hantzsch  & Voight  (Ref  6)  to  be  as 
follows:  1450,  24160  & 1290 

r\__.  — : j — 1 r * l. ; L — ~ : J 

LSI  y a^iuuuiLiiiULaiuuiiiL  a^iu  10  vcijr  owioi” 

tive  to  expln  by  friction,  impact  or  heat.  It 
detonates  with  a puff  on  contact  with  a hot 
wire  below  red  heat.  It  is  easily  oxidized  by 
various  reagents  to  a more  expl  solid, 

(SCSN})i,  azidocarbondisulfide  (Ref  4) 

Browne  & Smith  (Ref  5)  discussed  several 
possible  methods  for  detg  the  presence  of 
SCSNs-  ion: 

a) titration  of  the  free  acid  using  methyl  red 
indicator 

b) gravimetric  detn  as  the  Ag  salt  or  as  AgCl 
or  equiv 

c) titration  with  AgNO,  as  in  the  Gay-Lussac 
or  Volhard  method  for  titrating  Cl  ioo  and 

d) titration  with  iodine  dissolved  in  ale 

Of  these  methods  the  Volhard  titration  method 
was  preferred 

Many  derivs  and  salts  of  azidodithiocarbonic 
acid  are  known  some  of  which  are  expl  (see 
below) 


Refs ; l)Beil  3,  (86)  & [159J  2)F. Sommer, 

Ber  48,  1833(1915)  & CA  10,  342-3(1916) 
3)E.Oiiveri-Niandaia,  Gazz  52 II,  139  (1922) 

& CA  17,  1642(1923)  4)G.B.Smith  et  al, 
JAGS  45,  2604(1923)  Sl  CA  1ft,  27-8(1924) 
5)A.W. Browne  & G.B. Smith,  JACS  47,  2698 
(1925)  & CA  20,  28(1926)  6)A.Hantzsch  & 

W. Voigt,  Ber  62A,  975(1929)  & CA  23,  4200 
(1929)  7)G.B. Smith  et  al,  JACS  56,  1116 
(1934)  & CA  28,  3643(1934)  8)L.F. Audrieth, 
ChemRevs  15,  196-7(1934)  9)G.B. Smith, 
1moxo\  Q^-A  tri  W “moo 

(1942)  10)R.Ullman,  G.B.Smith,  JACS  68, 
1479(1946)  & CA  40,  6006(1946) 


Acyl  and  Aryl  Derivatives  of 
Azidodithiocarbonic  Acid: 

Aliy l Azidodiihiocarbonaie,  CjH*  -SCSNj,  mw 
159.24,  N 26.39%;  unstable  and  undergoes 
fairly  rapid  decompn.  It  was  prepd  by  the  inter- 
action of  allyl  bromide  and  Na  azidodithio- 
carbonate  in  acet.  No  careful  study  of  the 
props  of  this  compd  was  made 
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Benzohydryl  Azidodithiocarbonate, 

(CgHj  )2CH-SCSNj,  raw  285.40,  N 14.72%; 
col  crysts,  mp  67°;  very  sol  In  acet,  EtOAc, 
benz,  CS3,  CHClj  or  CC14,  moderately  sol 
in  ale,  MeOH  or  eth.  It  was  prepd  by  the 
interaction  of  benzohydryl  bromide  and  Na 
azidodithiocarbonate.  After  filtering  to  re- 
move the  pptd  NaBr,  the  yel  liq,  separated 
by  the  addn  of  w,  was  dissolved  in  eth  and 
benz  which,  after  drying  and  cooling,  sep- 
arated in  small  col  crysts 

Benzoyl  Azidodithiocarbonate,  C6H5  C0‘" 
SCSN},  raw  223.28,  N 18.82%;  col  raonocl 
plates,  mp  92-4°(dec);  very  sol  in  CHC1,, 
moderately  sol  in  eth,  benz,  CS2  or  CC14 
and  si  sol  in  acet,  EtOAc,  ale  or  MeOH.  It 
was  prepd  by  the  interaction  of  benzoyl 
chloride  and  Na  azidodithiocarbonate,  either 
in  aq  soln  or  in  acet.  The  product  was  puri- 
fied by  crystn  from  chlf 

Benzyl  Azidodithiocarbonate,  CeHs  CHj-SCSN,, 
raw  209.30,  N 20.08%;col  monoclinic  prisms, 
mp  66;  very  sol  in  acet,  EtOAc,  CSa  or  CHC13; 
si  sol  in  ale  or  MeOH  and  moderately  sol  in 
eth  or  benz.  It  was  prepd  by  the  interaction 
of  benzyl  chloride  and>Na  azidodithiocarbonate 
in  acet  at  RT.  The  ppt  NaCl  was  removed 
by  filtration  and  the  crude  prod  which  sep- 
arated on  addn  of  water  was  purified  by  re- 
crystn  from  chlf 

p-Bromobenzoyl  Azidodithiocarbonate, 

BrC6H4CO*SCSNj,  raw  302.19,  N 13.91%;  col 
rhmb  plates,  mp  99-  101°(dec);  very  sol  in 
CHC1,,  moderately  sol  in  CSa  or  CC14  and  si 
sol  in  acet,  EtOAc,  ale,  MeOH,  eth  or  benz. 
This  compd  was  pptd,  together  with  NaCl, 
by  the  interaction  of  p-bromobenzoyl  chloride 
and  Na  azidodithiocarbonate  in  acet.  The 
prod  was  purified  by  crystn  from  chlf 

Methyl  Azidodithiocarbonate,  CHj*SCSN3,  raw 
133.20,  N 31.55%;  col  rhmb  prisms,  mp  34°; 
moderately  sol  in  ale,  MeOH,  or  eth  and  si 
sol  in  acet,  EtOAc,  benz,  CS3,  CHC1S  or  CC14. 
This  prod  was  obtd  by  the  interaction  of  methyl 
bromide  and  Na  azidodithiocarbonate  in  acet 
and  was  purified  by  crystn  from  chlf.  It  is 
slowly  attacked  by  coned,  aq  alkalies 


T riphenylmethyl  Azidodithiocarbonate, 

(CSHS  )jC-SCSN3,  mw  361.50,  N 11.63%;  col 
orthorhmb  tablets  or  bipyramides;  mp  102-4° 
(dec);  very  sol  in  CHC15;  moderately  sol  in 
benz  or  CS2;  si  sol  in  acet,  EtOAc,  ale, 

MeOH  or  eth.  It  was  prepd  by  the  interaction 
of  triphenylmethyl  chloride  and  Na  azido- 
dithiocarbonate in  acet.  The  ppt  was  recrystd 
from  chlf 

Remarks  on  Acyl  and  Aryl  Derivatives 

All  of  the  above  org  azidodithiocarbonates 
were  wh  crystn  compds  which  at  RT  undergo 
slow  spontaneous  decompn  with  ultimate 
quant  formation  of  the  corresponding  thio- 
cyanate or  isothiocyanate,  sulfur  and  nitrogen. 
The  velocity  of  this  decompn  is  sufficiently 
retarded  at  low  temp  to  permit  storage  of 
samples  at  0°  for  several  days  without  de- 
teriorat  ion 

Unlike  the  inorganic  salts  of  the  azido- 
dithiocarbonic  acid,  the  org  derivs  are  not 
particularly  expl.  They  puff  midly  when  held 
in  a flame  or  when  heated  rapidly  on  a hot 
plate.  On  exposure  to  light  they  show  no 
photosensitivity  and  undergo  no  coloration 

Refs:  l)Beil  — not  found  2)L.F.Audrieth 

et  al,  JACS  52,  1928-35(1930)  & CA  24,  3221 
(1930) 

Alkali  and  Alkaline  Earth  Salts  of 
Azidodithiocarbonic  Acid 

The  azidodithiocarbonates  of  the  alkali 
and  alkaline  earth  metals  are  all  wh,  deliq 
crystalline  compds;  sol  in  w,  ale,  eth  or  acet 
and  insol  in  C&j,  CC14,  chlf  or  benz.  These 
salts  usually  contain  w of  hydration  which 
makes  them  more  stable  than  the  anhyd  heavy 
metal  salts.  However,  they  decomp  slowly  at 
RT  and  rapidly  on  heating.  They  have  been 
prepd  by  three  methods: 

a) direct  interaction  of  a metallic  azide  with 
carbon  disulfide 

b) action  of  the  free  azidodithiocarbonic  acid 
upon  the  hydroxide  or  carbonate  of  a metal  or 

c) double  decompn  of  Ba  azidodithiocarbonate 
and  an  alkali  sulfate 
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Their  sensitivities  to  friction  and  their 
brisance  increase  with  increasing  atomic  wt. 
The  Amm,  K,  Rb  & Cs  salts  are  characterized 
by  their  peculiar  sensitivity  to  light.  All 
change  color  when  exposed  to  sunlight.  The 
Cs  salt  may  even  decomp  violently  during 
the  process  of  crystn  from  aq  soln.  The  alkali 
salts,  especially  Na,  can  be  used  to  prepare 
the  heavy  metal  salts,  such  as  Pb(SCSN3)2, 
and  the  alkyl  or  aryl  derivatives  of  azido- 
dithiocarbonic  acid 

Although  many  of  the  alkali  and  alkaline 
earth  salts  have  been  prepd,  studied  and 
found  to  be  explosive  (Refs  1,2  & 3),  only  the 
more  important  ones  are  described  here 

Refs:  l)Beil  3,  (86)  & [159-60]  2)F.Sommer, 

Ber  48,  1833-41(1915)  & CA  10,  342-3(1916) 
3)A.W. Browne  et  al,  JACS  49,  917-25(1927) 

& CA  21,  1940(1927) 

Ammonium  Azidodithiocarbonate,  NH4SCSN3, 
raw  136.21,  N 41. 14%;  wh  cryst,  non-deliq 
solid;  mp-turns  red-org  at  90°,  begins  to  de- 
comp at  110°  and  melts  with  gas  evolution 
at  120°;  readily  sol  in  w,  ale,  MeOfj  or  acet, 
somewhat  sol  in  eth  and  practically  insol 
in  benz  or  xylene.  It  was  prepd  by:a)prolonged 
treatment  of  NH4N3  in  aq  soln  with  CS2  b) 
neutralizing  free  azidodithiocarbonic  acid 
with  aq  NH4OH  or  c)bubbling  NH3  gas  through 
an  ethereal  soln  of  the  azido-acid.  The  third 
procedure  was  adjudged  the  most  satisfactory 

On  exposure  to  direct  sunlight  the  salt 
undergoes  coloration,  within  a few  minutes, 
to  a very  light  orn  tint.  A partial  reversal  of 
this  color  change  takes  place  slowly  in  the 
dark 

When  strongly  heated  the  salt  suddenly 
decomps  with  considerable  flame  and  a puff 
of  smoke.  On  heating  in  a sealed  tube  the 
salt  explodes  violently 

Refs:  l)Beil  3,  [1591  2)L.F. Audrieth  et  al, 

JACS  49,  2130(1927)  & CA  21,  3326(1927) 

Potassium  Azidodithiocarbonate,  KSCSNj,  mw 
157.27,  N 26.72%;  wh  deliq  crysts,  mp  126° 
(dec  with  evolution  of  gas);  very  sol  in  w, 
fairly  sol  in  acet  or  MeOH;  very  si  sol  in  eth 


and  practically  insol  in  ale,  benz,  CC14,  CS2 
or  chlf.  It  was  prepd  by  the  action  of  an  aq 
soln  of  KN3  on  CS2  at  40°,  The  coned  clear 
filtrate  was  slowly  cooled  over  ice  until 
crystals  formed 

The  K salt  is  rather  sensitive  to  expin  by 
shock,  heat  or  friction.  Crysts  may  expl 
violently  when  broken  or  rubbed  in  an  agate 
mortar.  When  heated  rapidly  in  air  the  subst 
detonates  with  a sharp  expln,  but  less  vio- 
lently than  the  heavy  metal  azides.  On  expln 
in  air,  a spectacular  flame  is  produced  with 
the  liberation  of  much  heat  and  the  formation 
of  numerous  products: 

2KSCSNj  + 502  - K2S  + 3S02  + 2C02  + 3Na 
Slow  thermal  decompn  takes  place  in  ac- 
cordance with  the  equation: 

KSCSNj  KSCN  + S + Na 

Aq  solns  of  K azidodithiocarbonate  are 
quite  stable  at  10°  or  lower,  as  is  the  dry 
salt  itself.  At  somewhat  higher  temps  the  aq 
solns  gradually  become  turbid.  Samples  of 
the  dry  salt  stored  in  a desiccator  at  RT 
gradually  turn  yel.  Solns  of  the  K azido  salt, 
when  treated  with  various  oxidizing  agents 
or  when  subjected  to  electrolysis,  yield  the 
more  expl  wh  ppt,  azidocarbondisulfide, 
(SCSNj)2.  An  important  catalytic  effect  is 
exerted  by  the  K azido  salt  in  the  reaction 
between  aq  KN3  and  I2  in  the  presence  of 
CS2 

Refs:  l)Beil  3,  [160]  2)F, Sommer,  Ber  48, 

1837-8  (1915)  & CA  10,  342-3(1916)  3)A.W. 
Browne  & A.B.Hoel,  JACS  44,  2109-13  & 
2315-20(1922), & CA  16,  4154(1922)  & 17,  65- 
6(1923) 

Sodium  Azidodithiocarbonate,  NaSCSN3,  mw 
141.16,  N 29-77%;  col  powd  of  no  distinct 
cryst  form;  mp  explodes  between  139*43°.  It 
was  prepd  by  dehydration  of  either  the  tetra- 
hydrate  or  the  dihydrate  at  RT  over  P2Oj  in 
a vac  desiccator.  SI  decompn  takes  place  as 
evidenced  by  the  development  of  a pink  color 
on  the  cryst  surface.  This  color  disappeared 
on  exposure  to  air 
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The  anhyd  Na  salt  explodes  violently 
when  tubbed  vigorously  on  a porous  plate 
or  when  thrown  upon  a hot  plate.  It  is  not 
very  sensitive  to  shock  (Ref  4) 

Sodium  Azidodithiocarbonate  Dihydrate, 
NaSCSNs.2HjO,  mw  177.19,  N 23.72%;  col 
orthorhrab  prisms,  rap  75°(dec).  It  was  obtd 
by  crystn  from  aq  so  In  of  the  anhyd  Na  salt 
at  RT 

This  compd  is  very  similar  to  the  tetra- 
hydrate  salt  in  its  lack  of  sensitivity  to 
friction  or  impact,  and  in  its  behavior  on  a 
hot  plate  (Ref  4) 


Sodium  Azidodithiocarbonate  Tetrahydrate, 
NaSCSNs*4H,0,  mw  213.26,  N 19.71%;  col 
ndls,  rap  45*50° (dec  with  evolution  of  gas). 

It  was  first  prepd  by  Sommer  (Refs  la  & lb) 
on  treating  aq  NaN3  at  40-50°  with  CS2 , 
filtering,  concdg  over  P2Os  and  slowly  cooling 
to  0°.  Although  fairly  stable  at  RT  the  tetra- 
hydrate salt  gradually  assumes  a yel  tint  on 
long  standing  (See  also  Refs  2 & 3) 

It  does  not  det  when  rubbed  on  a porous 
plate  or  when  struck  with  a hammer.  When 
thrown  upon  a hot  plate  it  explodes  with  a 
si  puff  (Ref  4) 

V * (Y* -t  e\ I HI- Jt*L:_ 

Ruaiciaov  \x\ci  j)  uscu  inw  a^mouiuiio- 


carbonate  and  its  derivs  to  increase  the  sharp- 
ness of  color  tests:  for  example.  In  neutral 
soln  the  anhyd  Na  salt  gives  a yel  color  in 
the  presence  of  Cu.  Hofman-Bang  (Ref  6) 
found  that  dll  solns  of  Ij  & NaN}  were  cat- 
alyzed by  Na  azidodithiocarbonate  and  pro- 
posed a chain  reaction  mechanism.  The  Na 
salt  is  used  primarily  to  prepare  the  heavy 


are  very  sensitive  expl  compds 


Refs:  la)Beil  3,  (86)  & tl6Q]  lb)F. Sommer, 

Ber  48,  1837-8(1915)  & CA  10  , 342-3(1916) 
2)E.01iveri-Mandala,  Gazz  52  II,  139(1922) 


& CA  17,  1642(1923)  3)A. J.Currier  & A.W. 
Browne,  JACS  44,  2849-54(1922)  & CA  17, 


501-2(1923)  4)A.W. Browne  & L.F.Audrieth, 
JACS  49,  919-20(1927)  & CA  21,  1940(1927) 


C\l7  T V.., __ _1_  1 A 1 3\T  cn  O')  1 D/lnACX 
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& CA  43,  4174-5(1949)  6)N.Hofman-Bang, 
ActaChemScand  4.  856-60(1950)  & CA  45.936 
(I95D 


Bromine  Azidodithiocarbonate,  BrSCSN,,  mw 
198.08,  N 21.22%;  wh  amor  prod,  unstable 
above  -5°,  turns  yel  to  brn  on  standing  or 
when  rapidly  heated  to  200°  Attemps  to  prep 
Br  azidodithiocarbonate  by  interaction  of  liq 
Br2  and  solid  azidocarbondisulfide  at  RT  re- 

/'ll!*  rl  • n «(  « a 1 A 

OUULU  4il  VlUlVlil  \,A^lV>3J|Ulia»  111  Ulg  OV71  ¥ □ 

more  controllable  reactions  take  place  with 
the  probable  formation  of  BrSCSN,.  Bromine 
reacts  with  Ag  azidodithiocarbonate  in  eth 
to  form  a tribromo  azidodithiocarbonate, 
BrjSCSNj,  and  in  chlf  or  CC14  to  form  a mixt 
of  the  monobromo  and  tribromo  compds 
Due  to  the  extreme  instability  of  these 
compds,  their  complete  isolation,  exact  detn 
of  their  comp d 2nd  preps  were  not  eccq  mr\1  icKprl 


Refs:  DBeil  3,  [1591  2)W. H. Gardner  & 

A.W. Browne,  JACS  49,  2761-3(1927)  & CA 
22,  200(1928) 


rLI._!_.  i_‘J.  I-»L» L _ . . _ 

v-mormc  M£iaoanniocDrDDnaie#  v-ic>v^oinb? 

mw  153.62,  N 27.35%;  wh  solid,  changing 
gradually,  even  at  temp  below  — 1 5°  to 
viscous  yel  oil;  insol  in  w or  chlf.  The  vapor 
of  the  oil  affects  the  eyes,  appears  to  act 
as  a heart  depressant,  and  causes  blistering 
on  contact  with  the  skin.  It  was  formed  by 
passing  Cl2  gas  through  an  anhyd  soln  of 
azidocarbondisulfide  in  chlf  at  “15°,  after  re- 

1 _ l n i - r ^ r 

uiuvai  ui  anu  va[jz.u  pau  ui  me 

solv 

Dry  azidocarbondisulfide  in  contact  at  RT 
with  Cl2)  either  in  gaseous  form  or  in  coned 
aq  soln,  causes  a violent  expin.  Only  a few 
degrees  rise  in  temp  can  cause  this  reacting 
mass  to  explode,  almost  immedy,  yielding  the 
usual  prods  of  aecorapn  of  the  nalogenoia  compd 

Refs:  l)Beil  3,  [160]  2 )W.H. Gardner  & 

A.W.Browne,  JACS  49,  2760-1(1927)  & CA 
22,  200(1928) 


Cyanogen  Azidodithiocarbonate,  NC-SCSNs, 
mw  144.19,  N 38.86%;  wh  crysts,  stable  at  0°; 
a large  sample  explodes  at  65-70°;  a smail 
sample  becomes  yel  at  60°  and  at  81°  fusion 

taVpc  wirH  ^pr/\mnn  nnrl  f/spmarmn  r» f ^ 

r*’ ')  Vi  H 

yel-orn  residue;  very  si  sol  in  w,  CC14  or  CS2, 
sol  in  most  org  solvs,  especially  acet  or 
ethyl  acetate  at  0°.  It  is  formed  by  the 
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interaction  of  azidocarbondisulfide  and  mer- 
curic cyanide  in  acet,  but  is  best  prepd  by 
reacting  cold  aq  soln  of  Na  azido  dithio- 
carbonate  with  an  etheral  soln  of  cyanogen 
bromide 

Cyanogen  azidodithiocarbonate  is  insen- 
sitive to  impact  and  is  much  more  stable  than 
azidocarbondi sulfide.  On  expin  by  heat  it 
develops  a dk  orn  vapor  comparable  in  odor 
to  thiocyanogen  and  to  cyanogen  thiocyanate. 
It  undergoes  spontaneous  decompn  at  RT, 
with  the  liberation  of  N2,  leaving  a solid 
residue  of  sulfur,  thiocyanogen  and  cyanogen 
thiocyanate.  As  the  temp  is  raised,  the 
velocity  of  decompn  undergoes  marked  ac- 
celeration. At  40°,  for  example,  complete 
decompn  takes  place  within  80  hrs 

When  a current  of  NH,  gas  is  brought  into 
contact  with  the  dry  solid  corapd,  expl  de- 
compn occurs  immedy.  Bubbled  through  an 
ethereal  soln  of  the  CN  salt,  NHj  gas  ppts 
a wh  solid  consisting  chiefly  of  NH*  azido- 
dithiocarbonate. The  CN  salt  and  coned 
HaS04  react  with  explosive  violence.  Other 
dil  acids  react  more  slowly  than  coned  acids 
but  all  eventually  effect  soln  of  cyanogen 
azidodithiocarbonate 

Refs:  l)Beil  — not  found  2)L.F.  Audrieth 

& A.W.  Browne,  JACS  52,  2799-2805(1930) 

& CA  24,  3963(1930) 

Guanidine  Azidodithiocarbonate,  HNC(NH2)2- 
HSCSNj,  mw  178.25,  N 47.15%;  col  prisms, 
mp  88-90°  (dec);  readily  sol  in  w or  acet,  sol 
in  ale  and  almost  insol  in  eth.  It  was  prepd 
by  interacting  aq  guanidine  carbonate  with 
freshly  prepd  solid  azidodithiocarbonic  acid 
or  by  reacting  aq  guanidioe  azide,  HNCfNHj^*- 
HNS,  with  purified  CSj 

Like  the  inorg  compds  of  the  azido  acid, 
and  unlike  the  alkyl  and  aryl  derivs,  the 
guanidine  salt  is  photosensitive.  In  the  dark 
it  may  be  stored  below  10°,  in  vacuo,  for 
days  without  appreciable  decompn.  On  long 
standing  at  RT,  the  salt  decomps  quanty, 
yielding  N2,  sulfur  and  guanidine  thiocyanate. 
In  aq  soln  the  azido  salt  reacts  with  AgNOj 
to  form  the  insol  Ag  azidodithiocarbonate 


Wheo  heated  on  a Pt  foil,  guanidine 
azidodithiocarbonate  decomposes  rapidly, 
with  evolution  of  much  gas,  but  without  deton 

Refs:  l)Beil  — not  found  2)J.Craik  et  al, 

JACS  56,  2380-1  (1934)  & CA  29,  700(1935) 

Heavy  Metal  Salts  of  Azidodithiocarbonic 
Acid.  Some  heavy  metal  salts  of  azido- 
dithiocarbonic acid,  such  as  Ag,  Cu++,  Hg+, 
Hg+  + , Cd,  Bi,  Fe+++  & Zn,  were  prepd  and 

studied  in  1915  by  Sommer  (Refs  la  & lb) 
before  the  acid  was  identified.  He  obtd  these 
salts  by  reacting  the  appropriate  aq  metal 
azide  with  CS2  at  40-50°  or  by  reacting  Na 
azidodithiocarbonate  with  the  metal  nitrate 
or  chloride.  No  ppts  were  obtd  with  Sn,  Al, 
Cr,  Fe4^,  Ni,  Co  & Mn  salts.  The  heavy 
metal  salts  prepd  by  Sommer  (Refs  la  & lb) 
were  considered  to  be  of  a complex  nature 
and  fearfully  expl.  Many  were  sol  in  org 
solvents,  insol  in  acids  and  gave  a color  in 
solns  different  from  that  of  the  metallic  ion 
Rathsburg  (Ref  2)  obtd  some  of  these  salts 
by  the  procedures  of  Sommer  and  proposed 
their  use,  when  they  were  phlegmatized  with 
resin  or  paraffin  solns,  in  priming  compos. 
The  Pb  azidodithiocarbonate  was  considered 
of  special  importance  and  was  prepd  by 
treatment  of  the  Na  salt  with  Pb(NOs)2.  Smith 
et  al  (Ref  3)  prepd  and  studied  the  chem  and 
expl  props  of  the  a zidodithio carbonates  of 
Cu,  Ag,  An,  Zn,  Cd,  Hg+,  Hg++,  Tl,  Pb  & Bi 
for  their  value  as  primer  or  detonator  expls 
These  heavy  metal  salts  were  prepd  by 
treating  a fresh  aq  azidodithiocarbonic  acid 
soln  with  an  aq  soln  of  the  respective  metal 
ion.  The  following  list  of  salts  studied  in- 
cludes the  props  which  were  detd  by  Smith 
et  al  (Ref  3): 

Bismuth,  formula  not  established;  yel  to 
reddish  orn  ppt,  highly  sensitive  and  may  det 
under  water 

Cadmium,  Cd(SCSN})2’*2H20;  long,  fine  ndls 
which  undergo  slow,  spontaneous  thermal 
decompn.  The  anhyd  salt  is  very  sensitive 
and  may  det,  even  under  water  on  si  mechan- 
ical shock 

Copper,  a mi xr  of  cupric  & cuprous 


A637 


azidodithiocarbonates;  yei  ppt  which  under- 
goes slow  thermal  decompn,  forming  an  inert 
prccJ.  This  s 2!  t may  dst  violently  undsr  al 
mechanical  shock 


Gold,  a mixt  of  aurous  azidodithiocarbonate 
& azidocarbondisuifide;  bulky  wh  fibrous 
ppt  which  changes  to  om  on  standing 
Lead,  Pb(SCSNj)a,  it  grn-yel  crysts,  fairly 
stable  but  may  det  under  si  mechanical  shock 
Mercuric,  Hg(SCSN,)2;  silky  ppt  which  under- 
goes spontaneous  thermal  decompn  at  RT, 
yielding  mercuric  thiocyanate.  This  salt 
may  det  violently  under  si  mechanical  shock 


Mercurous,  HgSC$Ns;  dk  brn  when  first 
formed  but  becomes  wh  when  the  suspended 

: i tl * _ _ _ 1 

ppL  10  xiiio  aan  may  uci  viui^nuy 


under  si  mechanical  shock 

c A ncrQw  ■ t,,u 

either  in  aq  suspension  or  in  the  dry  state, 
which  darkens  on  exposure  to  light.  It  may 
detonate  violently  under  si  mechanical  shock 
Thallous , T1SCSN*;  it  yel  crysts  which  may 
det  violently  under  si  mechanical  shock 


Zinc,  formula  not  established;  yel, reg  octa- 
hedra  crysts  which  are  exceedingly  sensitive 
to  friction  and  shock,  even  under  water 


Remarks:  Azidodithiocarbonates  of  the  heavy 
metals  in  the  first  and  second  groups  of  the 
periodic  system  show  a sensitivity  to  mechan- 
ical impact  that  varies  inversely  with  atomic 
wt,  while  the  brisance  of  expin  varies  di- 
rectly with  the  atomic  wt.  The  sensitivity  of 


^.vuipvio  vy  1 


varies  directly  and  the  brisance  inversely 
with  the  atomic  wt.  Certain  of  these  compds, 
suitably  stabilized  and  partially  desensitized, 
should  prove  useful  in  primer  or  detonator 
compns 

Refs:  la)Beil  3,  (86-7)  & [ 160}  lb)F. 

Sommer,  Ber  48,  1833*4 1(1915)  & CA  10, 
342-3(1916)  2)H.Rathsburg,  BrtiP  188302 
(1922);  CA  »8,  588(1924)  & JSCI  42,  688 A 
(1923)  3)G.B. Smith  et  al,  JACS  52,  2806-10 

o.  r~~  a 'iA  la/L'ir  i nin\ 


I etramethyiammonium  Azidodithiocarbonate, 

(CH3)4N-SCSNs,  mw  192.32,  N 29.13;  wh 


r 1 1 C.  n I 1 ■ n < 
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color  change  to  dk  grn  and  then  dec);  very 
sol  in  w,  sol  in  MeOH  or  acet;  si  sol  in  eth 
and  insol  in  CC14,  CS2  & chlf.  It  can  be  prepd 
by  three  methods:  a)neutralization  of  azido- 
dithiocarbonic  acid  with  aq  tetramethylam- 
monium  hydroxide  b)double  decompn  of  Ba 

' J.  J!.l  ? I ^ _ _ _l  * _ ^ ^ 1_  _ I 
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sulfate  and  c)digestion  of  aq  tetramethyl- 
ammonium  azide  with  a si  excess  of  CSj  as 
reqd  by  the  equation 


The  third  method  of  prepn  was  considered 
most  satisfactory 

This  salt  does  not  explode  when  struck 
with  s hammer;  when  thrown  on  a hot  plate 
or  heated  directly  in  a flame,  it  suddenly 
dec  with  a puff.  The  salt  gradually  dec  at  RT 
with  the  formation  of  the  thiocyanate,  sulfur 
and  nitrogen. 

Refs:  l)Beil  — not  found  2)L.F.Audrieth 

et  al,  JACS  49,  2131*2(1927)  &CA21,  3326 
(1927) 


Triethyilead  Azidodithiocarbonate,  (C2H5  V 
PbSCSNj,  mw  412.56,  N 10.19%;  mp  (ignites 

wiinOut  Jc tOii aii On}-  It  Can  be  prerpii  by  tiic 
action  of  aq  Na  azidodithiocarbonate  on 
triethyilead  acetate,  yielding  about  80%  prod 
This  compd  may  be  used  as  a component 
of  ignition  compns  for  elec  blasting  caps 


Refs:  l)Bei!  — not  found  2)L. A.  Burrows 

et  al.  DSP  2105635(1938)  & CA  32.  2357-8 
(1938) 

Azideethane  (Tfiozoethone).  See  Ethyl  Azide 
under  Ethane  and  Beil  1,  [71] 


A _ ; J * X i*\  *1 IV  0 _ _ i 
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Ethanol  and  Beil  1,  340  & (171) 


Azido-p-ethoxyphenyi  letrozoie.  bee  under 

Ethoxyphenetyl  Tetrazole  and  R.Stolle'  et  al, 
id«u  11.1  oooJz  0.  a,  t-  a 

j j.  1UM  ^AI^IIX  I v-r,  y I-*  yvj 


26,  5565  (1932) 


l 
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Azidoethylaicohoi  or  Azidoethanol  (Tri- 
azoethanol). See  under  Ethanol  and  Beil  1, 

340  & (171) 

Azidoethylamine.  See  under  Aminoethane  and 
Derivatives,  p A199 

Azidoethylazidoacetafe  (Triazoethyl  Tri- 
azoacetate). See  under  Ethyl  azidoacetate 
and  Beil  2,  229 

Azidoethylbenzamide.  See  under  Ethylbenz- 
amide  and  Beil  8,  (97) 

Azidoethylbenzene,  NjCgfVCjHs . See  under 
Ethylbenzene,  and  P.A.Levene  et  al,  JBiol 
Chem  120,  777(1937)  & CA  32,  484-5(1938) 

Azidoethylene  (Vinyl  Azide),  CH2*CH*N3, 
mw  69.07,  N 60.84%;  yel  liq,  bp  26°  at  760  mm 
Hg;  it  was  prepd  by  the  action  of  alcoholic 
KOH  or  NHj  on  2- iodoazido ethane 

Refs:  l)BeU  1,(82)  2)M.O.Forster  & S.H. 

Neuman,  JCS  97  II,  2574(1910) 

Azidoethylenediurethane.  See  under  Ethylene- 
diurethane  and  Beil  4,  (450) 

Azidoet hylmethylket one— Semicarba zone.  See 

under  Ethylmethylketone— Semicarbazone  and 
Beil  3,  102 

Azidoethylnitrate  (Triazoethanolnitrate).  See 

under  Ethyl  Nitrate  and  (Beil  — not  found) 
A.H.  Biatt,  OSRD  Rpt  2014(1944) 

N-[j8-Azidoethyl]-N'-Phenylurea.  See  under 
Ethylphenylurea  and  Beil  12,  (23) 

Azidoethylurea.  See  under  Ethylurea  and  Beil 

4,  (360) 

[a-Azidoethyl]-Urethane.  See  under  Ethyl- 
urethane  and  Beil  3,  (11) 

[/3-Azidoethyl]-Urethane.  See  under  Ethyl- 
urerhane  and  Beil  4,  (360) 

Azidofiuorenone.  See  under  Fluorenone  and 

Beil  7,  [4103 

Azidoformamide.  See  Carbamyl  Azide  under 
Formamide  and  Beil  3,  129  & (59) 

Azidoformamidine  or  Guanyl  Azide.  See  under 


Formamidine  and  Beil  3,  130  & (60) 

Azidoformamidine  Dinitrate.  See  under 
Formamidine 

Azidoformamidine  Nitrate.  See  under  Form- 
amidine 

Azidoformodine,  N-Nitro.  See  under  Formadine 

Azidoformamidine  Perchlorate.  See  under 
Formamidine  ■ 

Azidoformamidine  Picrate.  See  under  Form- 
amidine 

Azidoformic  Acid.  See  under  Formic  Acid 

Azidoformic  Acid  Dimethylamide.  See  under 
Formic  Acid  Dimethyl  Amide  and  Beil  4, 

[5751 

Azidoformic  Acid,  Ethylester.  See  under 
Formic  Acid  and  Beil  3,  129  & [101] 

Azidoformic  Acid,  Methyester.  See  under 
Formic  Acid  and  Beil  3,  129  & [ 101] 

a-Azidoformylbutyrylglycine  Azide,  (formerly 
called  in  Ger  " Azidoglutarsaureglycinazid), 
Nj<CO(CH2)j-CO*NH-CH2*CO*Nj,  mw  239.21, 

N 40.99%;  thick  oil  which  explodes  when 
touched  with  a flame 

Refs:  l)Beil  4,  [79l]  2)T.Curtius  et  al, 

JPraktChem  105,  324(1922) 

2-Azidoformylphenyl isocyanate  (2-Isocyanate 
Benzoyl  Azide),  0C:N*C6H4‘C0Nj,  mw  188.15, 
N 29.78%;  Needles  (from  benz),  mp  60°  (dec) 
on  careful  heating;  explodes  violently  on 
rapid  heating  or  on  impact.  It  can  be  prepd 
by  heating  phthalic  acid  diazide  in  benz 

Refs:  I)Beil  14,  [2253  2)H.  Lindemann  & 

W.Schultheis,  Ann  464,  250(1928) 

/3-Azidoformylpropionylglycine  Azide  (formerly 
called  in  Ger  “Azidosuccinylglycinazid”), 
Nj-CO-CHj-CO-NH-CH^CONj,  mw  211.15, 

N 46.44%;  leaflets  which  explode  when 
touched  with  a flame 

Refs:  i)Beil  4,  [79ll  2)T.Curtius  et  al, 

JPraktChem  105,  305(1922) 
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Azidogal (acetophenone.  See  under  Gallaceto- 
phenone  and  Beil  8,  (686) 

Aiidoglutaricacideglucine  Azide.  Same  as 
fl^Azidoformylbutyrylgiycine  Azide  (qv) 

Azidoglycolic  Acid.  See  under  Glycolic 
Acid  and  Beil  3,  244,  (94)  & [175] 

Azidoguanidine  Perchlorate.  See  under 
Guanidine 

Azidoguanidine  Picrate.  See  under  Guanidine 

3- Azidoheptane  (3-Triazoheptane).  See  under 
Heptane  and  P.A.  Levene  et  al,  JBiolChem 
20,  759(1937)  & CA  32,  486-7(1938) 

6-Aztdo"2,3,5,2,4,(5,'Hexamethyiazobenzene. 

(CH3)1(Nj)'C6H-N:N-C6Ha(CH3)3>  raw  307.39, 

N 22.7$)%;  red  needles  (from  eth),  mp  90-1° 
(dec);  explodes  mildly  on  rapid  heating  or  on 
contact  with  coned  H2S04.  It  can  be  prepd 
from  6-amino-2,3,5 ,2’, 4’, 5 ’-hexamethyl azo- 
benzene as  described  in  Ref  2 

Refs:  l)BeiI  16,  76  2)T.Zincke  & H. 

Jaenke,  Ber  21,  546(1888) 

Azidohemimellitine  or  Azido-1,2, 3-trimethyl- 
benzene.  See  under  Hemimellitine  and 
Derivatives 

Azidohexane  (Triazohexane).  See  under 
Hexane  and  P.A. Levene  et  al,  JBiolChem 
120  , 759(1937)  & CA  32,  486-7(1938) 

Aztdohydrin.  See  individual  azido  derivatives 
of  the  hydrogen  acid  ester  of  a polyatomic 
alcohol,  such  as  glycol  glycerol,  etc 

Azidohydrocinnamic  Acid.  See  under  Hydro- 
cinnamic  Acid  and  Beil  8,  (205-6) 

Azidohydroquinone.  See  under  Hydroquinone 
and  Beil  6,  (419) 

Azidohydroxyacetophenone.  See  under  Hydroxy- 
acetophenone  and  Beil  8,  [87] 

Azidohydroxymethoxybenzoldehyde.  See 

under  Hydroxymethoxybenzaldehyde  and  Beil 
8,  262 


5-  A z i do-3-  [(2- H y drox  y- 1 - Naphth  y I )-  a zo]*  1 , 
2,4-Triazole.  See  under  Hydroxynaphthyl- 
azotriazole  and  R.StoIle  & W. Dietrich,  J 
PraktChem  139,  193-210(1934)  & CA  28, 
2714(1934) 

Azidohydroxyphenylpropionic  Acid.  See  under 
Hydroxyphenylpropionic  Acid  and  Beil  10, 

[ 152  & 156] 

Azidohydroxytetrazole.  See  under  Hydroxy- 
tetrazole  and  A.H.Blatt,  OSRD  Rpt  2014 
(1944) 

Azidoiminomethanediazonium  Hydroxide.  See 

under  Iminomethanediazonium  Hydroxide  and 
R.Hofsommer  & M.Pestemer,  ZElectrochem 
53,  383(1949)  & CA  44,  4331(1950) 

l-(Azido-iminomethyl)-4-GuanyJ-l-Tetrazene. 

See  under  Iminomethylguanyltetraze  ne  and 
R.Hofsommer  & M.Pestener,  ZElectrochem 
53,  383U  949)  & CA  44,  4331(1950) 

1-Azido-2-iodoethane.  See  under  Iodoethane 
and  Beil  1,  (33) 

Azido-4-iodopicolinyl.  See  under  Iodopicolinic 
Acid  and  R.Graf  et  al,  Ber  64B,  21-6(1931) 

& CA  25,  2429(1931) 

Azidoiodosobenzene  (Triazoiodosobenzene). 

See  under  Iodosobenzene  and  Beil  5,  (142) 

Azidoiodoxybenzene  (Triozoiocfoxybenzene). 

See  under  lodoxybenzene  and  Beil  5,  (142-3) 

Azidolactic  Acid.  See  under  Lactic  Acid  and 
Beil  3,  (110) 

Azidomethane  (Methyl  Azide).  See  under 
Methane  and  Beil  1,  80  & [48] 

Azidomesitytene  or  Azido- 1 ,3, 5-Tri methyl- 
benzene.  See  under  Mesitylene  and  Deriva- 
tives 

Azidomethoxyacetophenone.  See  under 
Methoxyacetophenone  and  Beil  8,  [87] 

Azidomethoxytoluene.  See  under  Methoxy- 
toluene  and  Beil  6,  (181,195  & 207) 
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i-Azidomethylani line  (4-Methyl-4-azido- 
aniline).  See  under  Methylaniline  and  Beil 

12,  [4293 

Aiidomethylani sole.  See  under  Methylanisole 
and  Beil  6,  (181,  195  & 207) 

Azidomethyl  benzene  (Azidotoluene).  See 

Tolyl  Azide  under  Toluene  and  Beil  5,  349, 
(174)  & [2733 

Azidomethylbutane.  See  Amylazide  under 
Amylamine  and  Derivatives,  p A395 

Azidomethylbutanone.  See  under  Methyl' 
butanone  and  Beil  1,  (353) 

Azidomethylcarbimide.  Same  as  Azidomethyl 
Isocyanate  (qv) 

Azidomethyldi nitrobutylbenzene.  See  under 
Methylbutylbenzene  and  Beil  5,  439 

Azidomethylcarbamyl  Azide,  See  under  Methyl* 
carbamic  Acid  and  Beil  3,  (17) 

Azidomethyiethylketone  Semicarbazide.  See 

under  Methylethylketone  Semicarbazide  and 

Beil  3,  102 

Azidomethylethyl  Ketoxime; (T riozomethyl- 
ethyl  Ketoxime).  See  under  Methylethyl- 
ketoxime  and  Beil  1,  671 

Azidomethyl  formate  (Azidoformicacid,  Methyl 
Ester)  (called  Carbazidsauremethylester  in 
Ger),  Nj-CCVCH,,  raw  101.07,  N 41.58%;  col 
liq,  bp  102-3°,  explodes  on  heating  near  bp. 

It  can  be  prepd  by  the  action  of  ammonium 
nitride  on  chloromethylformate  in  ether 

Ref:  l)Beii  3,  129  & [101]  2)T.Curtius  & 

K.Heidenreich,  JPraktChem  52,  480(1895) 

& JCS  70  I,  143(1896) 

Azidomethylfuroyl.  See  Methylfuroyl  azide 
under  Methylfuroic  Acid  and  H.B.  Stevenson 
& J.R. Johnson,  JACS  59,  2528(1937)  & CA 
32  , 937-8(1938) 

Azidomethyl  Isocyanate;  Azidomethyl 
Carbimide  or  Triazomethyl  Carbimide  (called 
Azidomethylcarbonimid  in  Ger),  N}-CH3*N:CO, 
raw  98.07,  N 57.14%,  OB  to  CO,  -65-3%;  col 


sharp  smelling  oil,  bp  44-5°  at  32  mm, 
d 1.2580  at  18°.  It  can  be  prepd  from  azido- 
acetyl  chloride  and  NaNs  in  ether.  Explosions 
often  happened  during  its  prepn 

Refs:  l)Beil  3,  (17)  & 26,  (77)  2)M.O. 

Forster  & R. Muller,  JCS  97l,  1062(1910) 

1- Azido-3-Methylpentane  or  3*Methyl-l- 
triazopentane.  See  under  Methylpentane  and 
P.A.Levene  & A.Rothen,  JChemPhys  5, 
985(1937)  & CA  32,  1151(1938) 

N-Azidomethyl'N'-phenylureo.  See  under 
Methylphenylurea  and  Beil  12,  (233) 

Azidomethylurea  or  Triazomethylcarbamide 

(called  Azidomethylharnstoff  in  Ger),  H2N* 
CO'NH*CH3*Nj,  mw  115.10,  N 60.85%,  OB 
to  COj  -76.5%;  cry st  (from  acet),  mp  56°; 
easily  sol  in  acet,  in  sol  in  benz  & chlf.  It 
can  be  prepd  from  azidomethylisocyanate  and 
NHj  in  dry  ether.  Its  expl  props  were  not 
investigated 

Refs:  l)Beil  3,  (27)  2)M.O.Forster  & R. 

Muller,  JCS  971,  1065(1910) 

Azidonaphthalene.  See  under  Naphthalene 
and  Beil  5,  565,  (265)  & [4591 

Azidonitroa cetyl  Chloride.  See  under  Acetyl 
Chloride  and  Derivatives,  p A56 

Azidonitrobenzene.  See  under  Benzene  and 

Beil  5,  278,  (143)  & [2093 

2- Azido-4-nitrobenzene sulfonic  Acid.  See 

under  Benzene  sulfonic  Acid  and  Beil  11,  81 

5-Azido*6»Nitro-Benzofgrazan-3-oxide.  See 

under  Benzofurazan  and  R.J.Gaughran  et  al, 
JACS  76,  2233  (1954)  & CA  49,  6238(1955) 

5-Azido-6-nitrobenzfuroxan.  See  under 
Benzfuroxan  and  J.R.Gaughran  et  al,  JACS 
76,  2235(1954) 

2-Azido*6>nitro*1 ,4-benzoquinone-4-trimethyi- 
imide  or  Trimethyl-[3-azido-5-nitro~4-hydroxy- 

phanylj-ammonium  Hydroxide, 

N,-C~COH=C-NOa 

II  I 

H -C-C  = CH, 

N(CHj)j-OH 


mw  255.23,  N 27.44%, 
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OB  to  C03  -128=  5%;  red  needles  or  scales 
(from  w),  mp  becomes  brn  ca  100°  and  then 
explodes.  It  can  be  prepd  from  2,6-dinitro- 
l,4-benzoquinone-4-trimethylamine  by  re- 
duction [with  (NH^Sl,  diazotization  and 
treatment  with  NaNs 

Refs:  l)Beil  13,  (198)  2)R.Meldola  & W.F. 

Hollely,  JCS  105  I,  1477(1914);  PrRoySoc 
30,  159*60(1914)  & CA  8,  3026-7(1914) 

1-Azido-N-Nitroformamidine.  See  under 
Formamidine 


Azi  dodxytetrazole.  See  under  Qxytetrazole 
and  (Beil  — not  found)  A.H.  Blatt,  OSRD  Rpt 
2014  (1944) 


Azidopentone.  See  Amyl  Azide,  p A395 


Azidopheno!  (Hydroxypnenyiazoimide).  See 

under  Phenol  and  Beil  6,  293-4 


Azidopheno!,  Methyl  Ester.  Same  as  Azido- 
anisole  (qv) 

Azidophenylacetic  Acid.  See  under  Phenyl- 
acetic  Acid  and  CA  51,  17816  (1957) 


Azidonitromesityiene.  See  under  Mesitylene 
and  Beil  5,  [3I6] 

Azidonitronaphthalene.  See  under  Naphthalene 
and  Reil  5.  U59] 


Azidophenylacyl  Azide.  See  under  Amino- 
acetophenone  and  Derivatives,  p A178 

5-Ax i do- 1 -Phenyl-5- Azidobenzene  (1-Phenyl- 
5-Azidotetrazole).  See  under  Phenyltetraznl  e 


Azidonitrophenol.  See  under  Phenol  and 

r>~:i  H onx 

UCU  Wt  47-1 

Azidonitrotoluene.  See  under  Toluene  and 
Beil  5,  330  Si  (174) 

6-Azido-2-nitro-4-trimethylammoniom*l- 
benzoquinone.  Same  as  2-Azido-6-nitro-l- 
benzoquinone-4-trim ethyl imide  (qv) 

Azidooxalicacid  Ethylester  or  Oxalylethyl- 
ester  Azide  (called  Azido-oxalsaure-athyl- 
ester  or  Oxals'aure-athylester-azid  in  Get), 
NrCO-CCVCjH, , mw  143.10,  N 29.37%,  OB 
to  COa  -83.9%;  col  oily  iiq,  bp  explodes  very 
violently  on  heating;  sol  in  eth,  insol  in  w 
Ortrj  (i^cOmpd  by  Hot  sic 4 It  csn  be  prepci  from 
the  hydrazide  of  oxalylethylester  and  NaNOj 
in  well  cooled  aq  soln 

Refs : l)Beil  2,  (244)  2)T.Cuitius  & K. 
Hochschwender.  JPraktChem  91.  434(1915) 

& JCS  1081,  787-8(1915) 

Azi wOvAMinCitv*  See  OxSiTiylssidv  under 
Oxamic  Acid  and  Beil  2,  (244) 

Azidooxaniiic  Acid.  See  Oxanyiaziae  under 
Oxanilic  Acid  and  Beil  12,  772 

Azidooxomethane  Diazonium  Hydroxide.  See 

under  Oxomethanediazonium  Hydroxide  and 

/n  . 'f  _*.r_  _1\  n 1 » _ f o.  U D- 

— nut  luunu;  ix.nuisviumci  c*  ivj.r  colciuci, 

ZElectrochem  53,  383(1949)  & CA  44,  4331 
(1950) 


5-Azido-2-phenyl-1,3,5-oxadiazole  (2-Azido- 

C 1 O J 1.^ I ? I ^ \ xt  r r r 11 

j-p ncruy  i-  b f«ir«t*ivruuiuiuiv;  i\3 

li  II 

N — N 


mw  187.16,  N37.42%;  leaflets  (from  ale),  mp 
89°,  decomp  at  high  temp  and  sometimes 
explodes  midly;  easily  sol  in  ale  or  eth,  in- 
sol in  w.  It  can  be  prepd  by  reduction  of  5- 
nitro  so  amino- 2-phenyl- 1, 3, 4-oxadiazoie 

Refs:  l)Beil  27,  [6333  2)R.  Stolid  & K. 

Fehrenbach,  JPraktChem  122,  315(1929)  & 
CA  24,  115(1930) 


Azidophenyl  Propionic  Acid  (oAzidohydro- 


einnn  m i 4“  AiBiial\ 

* 

Acid  and  Beil  9,  (205) 


j-j  ydro  cir.n  3.m  i o 


fi<l  1 I I . . I /Fit  I 1 _ . t 

3-Mzigo-  i-pnenyi-Teirazoie  \r  nenyi-  i-aziao- 
5-tetrazole).  See  under  Phenyl  Tetrazole  and 
PS  to  lie,  JPraktChem  134,  282-3  Si  297(1932) 


(l'-Azidophtholazine^^S1  )-5,l-tetrozole; 

/T  _ m _ ft  . 1 ^ _ - I.  i LzL_l  . • . . 10 

V 1 eiraxoio*  i ^z-aziao-^-pninuiazine-  i 
di  hydride). 


H4Q' 


i /XT  W.  XT 
/V-V*’S  J iji 


■N-N  mw  212.18.  N52.81% 

II 

N 


jt  ^ i c nO. :i  _ 1 i_  -i  _ Jiff 

iiccuicb,  nip  , ctii>iiy  &ui  m cue,  um  s>ui 

in  eth,  nearly  insol  in  w.  It  can  be  prepd  by 
boiling  for  3 hrs  under  reflux,  5 e of  1,4- 
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dichlorophthalazlne  (mp  163°)  dissolved  in 
eth,  with  5g  of  NaN3 

Refs:  l)Beil  — not  found  2)R.StolIe  & 

H.Storch,  JPraktChem  135,  128  & 131(1932) 

& CA  27,  725(1933) 

Azidopropane  (Propyl  Azide).  See  under  Pro- 
pane and  R.E.Schaad,  USP  2557924(1951)  & 
CA  46,  1028(1952) 

Azidopropanedicorbonic  Acid.  See  under  Pro- 
panedicarbonic  Acid  and  Beil  2,  (276) 

3-Azido-l, 2-propanediol  Dinitrate.  See  under 
Propanediol 

Azidopropane  Oxime.  See  under  Propane- 
oxime  and  Beil  1,  661 

Azidopropanol.  See  under  Propanol  and  C.A. 
Vander  Werf  et  al,  JACS  76,  1231-5(1954)  & 
CA  49,  5284-5(1955) 

Azidopropanone.  See  Azidoacetone  under 
Acetone  and  Derivatives,  p A39 

3-Azido-l-propene.  See  Allylazide,  p A137 

Azidopropionaldehyde.  See  under  Propional- 
dehyde  and  J.H.Boyer,  JACS  73,  5248-52 
(1953)  & CA  47,  490(1953) 

Azidopropionic  Acid  (arTriazopropionic  Acid). 

See  under  Propionic  Acid  and  Beil  2,  263 
(114  & 115)  & [234] 

Azidopropionic  Acid  Amide.  See  under  Pro- 
pionic Acid  Amide  and  Beil  2,  263-4  & (114) 

Azidopropionic  Acid,  Ethyl  Ester.  See  under 
Propionic  Acid  and  Beil  2,  263*4  & (114) 

Azidopropionic  Acid,  Methyl  Ester.  See  under 
Propionic  Acid  and  J.H.Boyer,  JACS  73, 
5248-52(1951)  & CA  47,  489-90(1953) 

Azidopropionitrile.  See  under  Propionitrile 
and  J.H.Boyer,  JACS  73,  5248-52(1951)  & 

CA  47,  489-90(1953) 

Azidopropionylazide.  See  under  Propionic 
Acid  and  Beil  2,  (115) 

Azidopropylamine.  Same  as  Azidoamino- 
propane  described  under  Aminopropahe  and 
Derivatives,  p A250 


Azidopropyleneglycol  Dinitrate.  See  under 
Propyleneglycol  and  A.H.Blatt,  OSRD  Rept 
2014(1944) 

l-[Azido-i$0'propylidene]'Semicarbazide. 

See  under  Propylidenesemicarbazide  and  Beil 

3,  102 

Azidopropylurea.  See  under  Propyiurea  and 
Beil  4,  (368) 

1 -Azidopseudocumene  or  Azidotrimethyl- 
benzene.  See  under  Pseudocumene  and  Beil 
5,  405 

Azido-2,5-pyrazinedicarbonyi.  See  under 
Pyrazinedicarbonyl  and  P.E.Spoerri  & A. 
Erickson,  JACS  60,  400-2(1938)  & CA  32, 
2535(1938) 

Azidoquinazolinetetrazoie.  See  under 
Quinazolinetetrazole  and  R.Stolle  & F. 
Hanusch,  JPraktChem  136,  10,12  & 120(1933) 

Azidosolicylic  Acid.  See  under  Salicylic  Acid 
and  MJ, Sullivan  & C.K. Banks,  USP  2633470 
(1953)  & CA  48,  2107(1954) 

Azido-iso-succinic  Acid.  See  under  Succinic 
Acid  and  Beil  2,  (272) 

Azido-iso-succinic  Acid  Diamide.  See  under 
Succinic  Acid  Diamide  and  Beil  2,  (272) 

Azido-iso-succinic  Acid,  Diethylester.  See 

under  Succinic  Acid,  and  Beil  2,  (272) 

Azidosuccinic  Acid,  Diethylester.  See  under 
Succinic  Acid  and  Beil  2,  (270) 

Azidosuccinic  Acid,  Dihydrazide.  See  under 
Succinic  Acid  and  Beil  2,  (271) 

Azidosucc inyldiaz ide.  See  under  Succinic 
Acid  and  Beil  2,  (271) 

Azidosulfonic  Acids.  See  under  names  of 
individual  sulfonic  acids 

Azidotetramethylazobenzene.  See  Tetramethyl- 
azobenzene  and  Beil  16,  74 

Azidotetrazole.  See  Tetrazolylazide  under 
Tetrazole  and  Beil  26,  347,  (110)  & [197  & 
361] 

cu-Azidotoluene.  See  Benzylazide  under 
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Toluene  and  Beil  5,  350,  (174)  & [274] 

Azidotoluene.  See  Tolyl azide  under  Toluene 
and  Beil  5,  349(174)  & [2731 

Azidotriazolr.  See  under  Triazole  and  Beil 
26,  21 

2-Azido-3,5,6-trichloro-1,4-  benzoquinone. 

See  under  Trichlorobenzoquinone  and  A. 
Korczynski  & St.  Namyslowski,  BullFr  35, 
1186(1924)  & CA  19,  644(1925) 

Azido-1 ,2,3-trimethylbenzene  or  Azido- 
hemimeliitene.  See  under  Hemimellitene  and 
Derivatives 

Azido-1 ,2,4-trimethylbenzene  or  Aztdopseudo- 
cumene.  See  under  Pseudocumene  and 
Derivatives 

Azido-1 ,3, 5- trimethyl  benzene  or  Azidomesity- 
lene.  See  under  Mesitylene  and  Derivatives 

1 - Azido- 2,4, 6-tri  nitrobenzene;  (T  ri  nitrophenyl 
Azide  or  Picryl  Azide).  See  under  Benzene 
and  Beil  5,  279,  (144)  & [2093 

Azidotrinitiomethcme.  See  under  Methane 

Azido-iso-valeric  Acid.  See  under  Valeric 
Acid  and  Beil  2,  318 

Azido-iso-voleric  Acid  Amide.  See  under 
Valeric  Acid  Amide  and  Beil  2,  318 

Azido-iso-voleric  Acid,  Ethylester.  See  under 
Valeric  Acid  Ethyl  Ether  and  Beil  2,  318  & 
(139) 


Azimid.  A heterocylic  compd,  CjHjN^, 


N 


NH-C-NH. 
/ " x 


or 


C-N^ 


N 


HN 


/ 

\ 


N=C— NH 


\ 


N 


N=C— N 


✓ 


listed  in  Beil  26  , 601  as  Triazole-4'. 5' :4. 5- 
triazol  or  4.5-Azimino-1.2.3-triazol 


Azimide.  Same  as  Benzazide  or  Benzoyl  Azide 

Azimido-  or  Azimino-.  The  bivalent  group, 

— NH‘N:N— , called  triazene  in  this  work  (See 
Nomenclature,  pill) 

Azimidobenzene,  C«H5  Nj.  The  p-amidobenzene 
is  the  parent  compd  of  anhydro-p-amino- 
diazo-compds  (Beil  26,  55) 

Azimido-;  Azinitroso-;  Oxazimido-;  Oxaz- 
nitroso-  and  Nitrosoazimido  Compd s.  See  H. 

Conrad  & C.Willgerodt,  JPraktChem  55,  375- 
98(1897)  & JCS  72  I,  518(1897) 

Aztmidol-4,5-dicarboxylic  Acid  or  1-Hydroxy- 
1,2,3-triazole-4,5-dicarboxylic  Acid  [called 
l-Oxy-1.2.3-triazol-dicarbonsaure-(4,5)  in 
Ger].  See  under  Triazoles 


5, 6»Azimino-benzi midazole  or  2-Hydroxy-5,6- 
ozimino-benzimidazole  (called  5,6-Azimino- 
benzimidazolon  or  2-Oxy-5.6-azimino- 
benzimidazol  in  Ger); 


NH 

/ \ 


/ \ 

OC  c6h2 


NH 


VNH 


or 


Azido-iso-voleryl  Azide.  See  under  Valeric 
Acid  and  Beil  2,  316 

Azidoxylene  or  Dimethylphenyl  Azide.  See 

under  Dimethylbenzene  and  Beil  5,  [296  & 
3031 


Aziethane.  Same  as  Diazoethane 


/% 

HOC  C.H,  nN; 


mw  175.15,  N 39.99%; 


yel  Ifts,  mp  >300°;  sol  in  cold  dil  NaOH  or 
coned  NHS  with  It  yel  col;  diffc  sol  in  ale; 
insol  in  water;  prepn  described  in  Ref  2 
Refs:  l)Beil  26,  (193)  2)0. Kym  & L.Ratner, 

Ber  45,  3249(1912)&CA  7,  1184-5  0913) 


Aziethylene.  Same  as  Diazoethane 
Azimethane.  Same  as  Diazomethane 
Azi methylene.  Same  as  Di azomethane 


3,3r-Azjminobis  [4-methyl]  furazan  (called 
l,3-Bis-[4-methyl-1.2.5-oxidiazoiyl-(3)]- 
triazen  or  4.4'-Dimethyl-[3*3  -diazoamino- 
furazan]  in  Ger), 
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H,CC ON:N-N:C- — C-CH* 

li  II  I li 

N-O-N  HN-O-N 

HjC-C C-N:N-NH-C C-CH, 

H II  ll  II 

N-O-N  N-Q-N 

mw  209.17,  N 46.88%;  yel  lfts,  hyd  (from  dil 
ale)  decompg  in  light;  mp  114°,  decomg  at  a 
higher  temp;  the  anhyd  subst  is  sol  cold  ale, 
eth  or  acet  and  in  hot  ligroin,  chlf  or  benz. 

The  silver  salt,  separating  from  the  alco- 
holic soln  on  adding  AgNOj,  explodes  vio- 
lently on  heating.  It  is  sol  in  NH,,  pptd  by 
dil  nitric  acid  and  is  in  sol  in  org  solvs 

Refs:  l)Beil  27,  [868]  2)G.Ponzio  & G. 

Ruggeri,  Gazz  53,  305(1923)  & CA  17,  3873-4 
(1923) 

Azine.  This  term  has  the  following  meanings: 
a)Pyridine(Ref  2)  b)Sym  di-ylidene  derivs 
of  hydrazones  of  ketones  or  aldehydes,  such 
as  acetone  azine , (CHj)jC:N*N:C(CHj)2 (Ref  3) 
c)The  group  (N3)a  is  called  free  "azine”  or 
nitrine.  According  to  Walden  & Audrieth 
(Ref  1),  ehe  halides  of  azine  are  extremely 
espl  subst s which  undergo  spontaneous  de- 
compn  at  RT 

Refs:  1)P. Walden  & L.F. Audrieth,  ChemRevs 
5,  354(1928)  & CA  22,  4396(1928)  2)Hackh’s 
(1944),90  3)CA  39,  5925(1945)  (Nomenclature) 

Azinep urine  (A  term  applied  to  a hypothetical 
subst);  one  deriv  is  called  6-Oxo-2'-imino- 
S.^dimethyl-tetrahydro-tpyrimidino^1 .5'  :2.3- 
pyrazin]  in  Ger  , C#HjN60,  mw  205.20, 

N 40.96%;  yel  ndls,  sublimes  without  melting. 
An  isomeric  compd  which  forms  a yel  crystn 
Ag  picrate  salt,  AgC8H#N*  O 

Refs:  l)Beil  26,  494  & 586  2)F. Sachs  & 

G.Meyerheira,  Ber  41,  3 965(1908)  & CA  3, 
436-7(1909) 

Azine  of  Tetrabromodintraminobenzaldehyde. 

See  3,3  ,5,5  -Tetrabromo-4,4-dinitramino- 
benzal  azine 

Azino.  The  tetravalent  radical,  =N»N= 

Azione  dirompente  o Azione  frarrtumonte 
(Ital).  A shattering,  fragmenting  or  brisant 
action 

Azirane.  Same  as  Echylenimine 


AZOCOMPOUNDS 

Org  compds  having  two  hydrocarbon  rad- 
icals attached  to  the  azo  group,  — N=N— , and 
having  the  general  formula  R*N:N*R’  are 
called  azocompds.  Jf  the  radicals  R and  R 
are  the  same,  azo  is  usually  prefixed  to  the 
name  of  the  compd  from  which  the  radical  is 
derived:  for  example,  CH3'N:N*CHj  is  called 
azomethane.  However,  there  appears  to  be  no 
uniform  and  consistent  system  of  naming 
azocompds,  especially  when  the  radicals  R 
and  R1  are  identically  substituted  aromatic 
or  aliphatic  derivatives.  For  example,  the 
prefix  "bis**  or  "diM  is  used  in  the  literature 
for  both  aromatic  and  aliphatic  azocompds  in 
addition  to  the  azo  designation 

In  this  work  we  have  usually  listed  the 
azocompds  without  any  prefix,  as  a first 
name,  unless  the  compd  is  known  and  found 
in  the  literature  only  as  an  azobis-or  azodi- 
derivative, for  example  azobis-formic  acid 

When  the  radicals  R and  R1  are  different 
substituents,  azo  is  placed  between  the 
names  of  the  compds  from  which  the  radicals 
are  derived:  for  example,  C6H5  *N:N*CH3  is 
called  benzene-azo-methane.  This  system 
suffices  for  naming  the  simpler  compds,  but 
is  impracticable  for  the  complicated  dye- 
stuff compds  which  are  commonly  known  by 
trivial  names.  For  example,  amino-cresotinic 
acid  can  be  converted  into  its  p-nitrobenzoyl 
deriv,  the  nitro  group  reduced,  and  the  re- 
sulting amino  group  diazotized  and  coupled 
with  p-amino-benzdyl-J  acid.  The  resulting 
dye,  called  "Diazo  Light  Scarlet  5BI"  can 
be  coupled  with  /3-naphthol  to  give  a complex 
azo  dye-stuff  which  can  be  given  no  simple 
name  (Ref  6,  p 450): 


OH 


OH 


A645 


The  azocompds  differ  markedly  from  the 
diazocompds.  The  latter  also  contain  doubly 

i * _ i i _ : l ..  „ 

llllf^eu  lllUUgCll  aiuiiici  uujl  nicy  ait  auaLU^u 

to  the  same  carbon  atom,  as  represented  by 
the  characteristic  diazo  structural  formula, 
>C=N—  N or  >C*-N=N.  As  a group,  azo  compds 
are  more  stable  and  less  reactive  than  the 
diazo  derivs 

Azo  compds  may  be  divided  into  the  fol- 
lowing classes; 

a) Aliphatic  — in  which  both  radicals  are 
«liphst  [ c 

b) Mixed  — in  which  one  radical  is  aliphatic 
and  the  other  aromatic 

c) Aromatic  — in  which  both  radicals  are 
aromatic 

d) Hydroxy  - aromatic  compds  contg  a hydro xyl 
substituent  and 

e) Amino  — aromatic  compds  contg  an  anuno 
substituent 

The  last  rwo  classes  inetude  the  largest 
group  of  synthetic  org  compds  known,  the 
azo  dyes.  The  aromatic  azocompds  (class 
c,  above)  which  are  all  colored  solids, 
ranging  from  red  to  violet,  are  the  most  im- 
portant to  the  expi  industry. 

Aromatic  azocompds  can  be  prepd  by; 
u)rwuCtiCii  of  2rorris.tic  nitro  derivatives  in 
alkaline  soln 

i^MU.MUi 

i ^ yiumiir  , . 

4>-N02  - — 1 ► 0-N:N*<A 

Alkali 

b) oxidation  of  the  corresponding  hydrazo 
compd 

Ar-NH-NH-Ar ► Ar-N:N-Ar  and 

c) condensation  of  an  amine  with  a nitroso 
compd 

Ar*NO  + HjN*At * Ar«fJ:NJ»Ar 

These  compds  can  be  oxidized  by  peracetic 

: j . — i_  xi 

aLiVi  w ctc-i/AY  vuitjpuo.  a uv  y uo  u^f  *.  **- 

duced,  first  to  hydrazo  compds  and  then  to 
two  primary  amines.  Azocompds  are  un- 
affected by  aqueous  acids  and  alkalies.  They 
are  sol  in  coned  HC1  or  HF  acids  and  compds 
can  be  obtd  from  these  solns  which  contain 
the  acid 


Rathsburg  (Ref  5)  proposed  the  use  of 
nitrated  aromatic  azocompds  and  their  heavy 
metal  salts  as  a top-charge,  and  singly  or 
together  with  other  ingredients  for  priming 
compns  in  blasting  detonators.  Clarke  (Ref 
11)  sensitized  Mg  pdr  by  coating  it  with  azo- 
compds to  increase  flammability.  The  list 
of  azocompds  and  their  metal  salts  given 
after  these  refs  includes  the  more  important 
ones  from  the  viewpoint  of  their  possible  use 
in  the  expl  industry 


«e/s; 


I)P.Lemouit,  AnnChimPhys  [S]  «4; 


289-310(1908)  & CA  2,  3298-9(1908)  2)W. 


Qti/i  i 


7kP,.^F; 41 


920-5(1909)  & CA  5,  1414-5(1911)  3)W. 
Swiecoslawski,  Ber  43,  1479-88,  1488-95  & 
1767-73(1910)  & CA  4,  2488-90,  2638-9  & 
2801(1910)  4)W.Swietoslawski,  Ber  44- 
2429-45(1911)  & CA  5,  3816-7(1911)  5)H. 
Rathsburg,  BritP  177744(1921)  & CA  16, 

^ -»  r\r,/  1 V i-»  - 1 nr  r r r / 1 r\n1  \ A i 

oner 

147-8(1923);  BritP  190215(1921)  & CA  17, 
3101(1923);  GerP  411574(1923)  * JSC!  44. 

B 739(1 925);  USP  1511771(1925)  & CA  19, 
178-9(1925)  and  USP  1580572(1926)  & CA 
20,  1907(1926);  and  with  W.Friederich,  BritP 
195344(1922)  & CA  17,  3609(1923)  6) 
Sidgwick,  OrgChemofN(1937),431  7)Uavis 
(1943), 127  8)V.O. Lukashevich,  ZhObshch- 

ltl:  IT  oAo-TOf  1 c\A~r\  c*  A A T /:T/Ci/inXo\ 

IVlliUJ  ■ * J ywLT44:^/t//  w I ^ V 

9)Kirk  & Othmer  2 (1948),  224-6  10)Degering 
(1950),  414,839,908,1128,1159,1192,1441  & 
1896  11)R.G. Clarke,  USP  2718463(1955) 

& CA  50,  2174(1956) 
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LIST  OF  AZOCOMPOUNDS 

Azoaminobiphenyl.  See  Azobis(p-amino- 
biphenyl) 

Azo-aminotetrazole  or  5-Azo-5  -aminotetrazolyl. 

See  Di(tetrazolyl-5):M‘,N1-triazene 

Azoaniline;  Azobisaniline  or  Azodianiline, 

H1N«C6H4-N:N-QH4-NH2,  raw  212.25,  N 26.40%. 
Three  isomers:  o,o'-,  n^m*  - and  p,p'-  are 
described  in  Beil  16,  303,305,334(309,319) 

Si  [146,149,1741.  There  are  aiso  isomers, 
diaminoazobenzenes,  C„H,  -NrN-QH^NHjV 

TKpy  arp  described  ilfldff  D 

No  azido- , diazido-,  nitro-,  dinitro-,  etc 
derivs  of  azoaniline  were  found  in  Beil  or 
CA  through  1956,  but  there  exist  nitrated 
compds  of  diaminoazobenzenes 

AZOANISOLE  AND  DERIVATIVES 
AzoanisoJe  or  Azobisanisole  (called 
Dimethoxy-azobenzol  in  Beil),  CHj-0-CcH4-N:- 
N*CsH4-O.CH5,  mw  242.27,  N 11.56%.  Three 
isomers  are  described  in  the  literature:  o,o'  - 
Azoanisole  (Ref  1);  m,m'  — Azoanisole  (Ref 
2)  and  p.p1  — Azoanisole  (Ref  3).  The  nitro 
derivs  of  Azobisanisole  may  be  of  interest 
as  expl  ingredients 

Refs:  l)Beil  16,  92,(233)  & [33l  2)Beil 

16,  95  & [37]  3)Beil  16,  112,(237)  & [43l 

Dinitroazoonisole  or  4,4'- Azobis-(3- 
nitroani  solo),  CH, *0 ■C<sH,(NO,)-N:N-- 
(NOjJC^Hj-O-CHs,  raw  332.27,  N 16.86%; 
bright  orn  prisms  (frora  nitrobenzene),  mp 
259°.  It  was  prepd  by  diazotizing  3-nitro-p- 

anisidine,  02N(CHjO)CeH,NHj,  and  treating 
^ J! : i ~ **  r.,nu  tu:. 

Liter  uia/iUmiiJu  dui it  wim  ovj  vuvu*  z mo 

action  yielded  2,2'—  dinitro-p,p’ -bisanisole 
and  a considerable  amt  of  the  azobisnitro- 
anisole  obtained  from  the  acetic  acid  insol 
residue.  See  also  Ref  2 for  prepn  by  oxidation 
of  4-methoxy-2-nitroaniline 
Refs:  l)W.C.Lothrop,  JACS  64,  1700(1942) 

& CA  36,  5805(1942)  Z)K.H.Pausacker  & 
J.G.Scroggie,  JCS  1954,  4501  & CA  49, 

12’7'5/^/inSS’l 

T etranitroazoanisole,  CH,-0*CeH2(N02)3-- 

Nf-TU.mn.Vr  H .n.CT-L  _ nnr  frmnd  In  Rei1 
w » 

or  CA  through  1956 


Hexdnitroazoanisoie  or  3,3' -Azobis-(2,4,6- 
trinitroanisoie)  (called  2.4.6.21  .4 .6*- 
Hexanitro-3.31 -dimethoxy-azobenzol  in  Ger), 


rH..n.r.H/Nn.i..M=w.r.wfMn  . n.ru  ■ 
raw  512.28,  N 21.88%;  dk  red-yel  cryst 
(from  AcOH)  or  red-brn  cryst  (from  MeOH), 
mp  126-7°,  explodes  on  strong  heating;  easily 
sol  in  glacial  acetic  acid,  sol  in  cold  ale 
or  eth,  insol  in  w.  It  was  prepd  by  nitration 
of  m,ml- azoanisole  with  KNOs  and  coned 


u cn 


Refs:  l)Beil  16,  [38]  2)K.Elbs  & O.H. 

]PraVtn,flm  12(1  ? 1 K,  t t ( 1 O'? CN  «, 

CA  22,4508(1928) 


Azobenzaldehyde;  Azobisbenzaldehyde  or 
Azodibenzaldehyde,  OHC-Qf^dNhN-CjR*-- 

✓~T_J  r"N 020  1A  XT  1 T -1/1  Or  

viav/,  mw  a--x t ix  ii./u/a,  i wu  laumcrb 

are -described  in  the  literature:  orn- 

colored  plates,  mp  150°  and  p.p' red-orn 
cry sts,  mp  237-9°.  No  azido-,  di azido-  and 
nitrated  derivs  were  found  in  Beil  or  CA 
through  1956 
Ref:  Beil  16,  209-10 


AZOBENZENE  AND  DERIVATIVES 

Azobenzene;  Azobenzole  or  Diphenyl- 
diimide  ( also  called  Benzene  azobenzene  in 
CA),  C6Hj  -N:N-C6H5.;  mw  182.22,  N 15.37%, 

OB  to  C02  “254.6%;  orn  monoclinic  crysts, 
mp  68°,  bp  297°  and  d 1.203  at  20c/4°; 

1544.6  keal/mol  (Ref  4);  Temp  of  Expln 

r .{no  /n  _ f ■»  \ . \ n * ? ^ _ 

jhv  v apui  ness  cii  vauuuji  tcmp5 

(Ref  9);  si  sol  in  eth,  ligroin  & ale  (4.2  g 
in  100  g ale  at  20°).  Azobenzene  is  quite 
toxic  to  animals  (Refs  6 & 8)  but  its  effect 
on  humans  is  not  known  (Ref  10).  It  can  be 
prepd  by  reduction  of  nitrobenzene  with  Na 
stannite,  Fe  in  aq  NaOH  or  by  other  methods 
(Ref  1).  The  industrial  prepn  is  described 
in  Ref  7 

There  are  many  other  references  in  the 
literature  on  the  physical  & chemical  props 
of  azobenzene 

Azobenzene  was  used  in  France  in 
“Cheddite”  type  expls  (Ref  2) 
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Cheddite  Type  Explosives 


(% 

by  weight) 

Composition 

1 

2 

3 

4 

Azobenzene 

11,17 

13.89 

7.68 

17.5 

KClOj 

66.66 

66.66 

79.12 

- 

NaCIOj 

- 

- 

- 

75.0 

Azobenzene  picrate 

16.61 

- 

- 

- 

NG 

2.78 

13.89 

- 

- 

Castor  oil 

2.78 

2.78 

1.10 

7.5 

Dinitrocellulose 

- 

2.78 

1.10 

Mononitro  benzene 

_ 

11.00 

— 

It  was  also  proposed  as  a sensitizer 
for  AN  expls  (Ref  5).  Many  of  the  salts  and 
other  derivs  of  azobenzene  are  expl  (see 
below) 

Refs;  I)Beil  16,  8-12,(218-20)  & [4-7]  2) 

Daniel  (1902),  742  3)R.L.Datta  & N.R. 
Chatterjee,  JCS  115,  1008(1919)  4)W. 
Swietoslawski  & J.Bobinska,  RoczCh  9,  723 
(1929)  & CA  24,  1790(1930)  5)W.O.Snellin g 
& J.  A. Wyler,  DSP  1827675(1932)  & CA  26, 
601(1932)  6)M.l,Smith  et  al,  USPublic 
HealthRpt  1943,304  7)Kirk  & Othmer  2 
(1948),  224  8)H.B. Elkins,  "The  Chemistry 

of  Industrial  Toxicology,"  Wiley,  NY(1950), 
168  9)T.E. Jordan,  "Vapor  Pressure  of 

Organic  Compounds,"  Interscience, NY 
(1954),  Chapt  7,  pp  178,  199&  plate  11  10) 
Sax  (1957),  326 

4-Azidoazobenzene,  N3'C5H4*N:N*C6H5 ; 
raw  223.23,  N 31.38%;  It  yel  needles  (from 
dil  ale),  mp  91-93°;  sol  in  most  org  solvents; 
can  be  prepd  by  treating  diazotized  4- 
aminoazobenzene  with  NaN3  soln.  Its  explo- 
sive properties  were  not  investigated 
Refs:  l)Beil  16,  60&[l9l  2)A.Korczynski 

& S.Namyslowski,  BullFr  [4]  35, 1192(1924) 

& CA  19  , 644(1925) 

Azobenzene  Addition  Compounds 
and  Salts 

Azobenzene- Dipotossium  Hydra  zobenzene, 

C6H5  -NrN-QR,  +C6H9  'NK‘NK*C6HS ; dk  violet 
crysts;  prepd  from  azobenzol  and  4-phenyl 
benzophenone  K salt  in  ether.  It  is  readily 
oxidized  in  air  to  form  azobenzene.  This 


compd  is  probably  very  unstable  although  no 
expl  props  are  given 

Refs:  l)Beil  16,(220)  2)W.Schlenk  et  al, 

Ber  47,  485(1914)  & CA  8,  1580-1(1914) 

Azobenzene  Nitrate,  C6H5  -NrN-QR,  +HNO,, 
red  crysts,  very  unstable 

Refs;  l)Beil  16,  (219)  2)G.Reddelien, 
JPraktChem  91 , 241(1915)  & CA  9,  1910-11 
(1915) 

Azobenzene  Perchlorate,  C^Hj  ♦N:N*C6Hj  + 
HC10«;  yel  plates  with  bluish  tinge;  explodes 
ca  208°;  easily  hydrolyzed 
Refs:  l)Beil  16,  (219)  2)K.A.Hofmann  et  al, 

Ber  43,  1083U910)  & CA  4,  2464(1910) 

Azobenxene  Picrate,  C6Hj  dNhN'QHj  +HO*- 
C6H2(N02)3;  red  crysts,  very  unstable;  ex- 
plode on  strong  heating  (Refs  1&3).  It  was 
used  in  some  "Cheddite"  type  composite 
expls  in  France  (See  under  Azobenzene)  (Ref 
2) 

(Refs:  l)Beil  16,  (219)  2)Daniel  (1902), 

742  3)G.ReddeIien,  JPraktChem  91 , 242 
(1915)  & CA  9,  1910-11(1915) 

Azobenzene-1, 3, 5-Tri nitrobenzene,  C6HS  •- 
N:N‘CfiHs +2CftHJ(N02)i;  orn  plates,  explode 
on  strong  heating;  sol  in  ale,  eth,  & benz 
Refs:  i)Beil  16,  (219)  2)K. A. Hofmann  & 

H.Kirmreuther,  Ber  43,  1767(1910)  & CA  4, 
2801(1910) 

Azobenzene-2,4,6-Trinitrotoluene,  CsHj  •- 
N:N*C#HS  +2CHs-C9Hj(N02X;  crysts,  mp  ca 
65°,  explodes  on  strong  heating 
Refs:  l)Beil  16,  [7]  2)M.Giua  & G. 

Reggiani,  Gazz  55,  654(1925)  & CA  20, 
1062(1926) 

Nitroso-  and  Nitrocompounds  of  Azobenzene 
Mononitroazobenzene,  QHs  •N:N'C6H4*N03; 
raw  227.22,  N 18.49%,  OB  to  C02  -186.6; 
three  isomers  are  described  in  the  literature: 

2- Nitroa zobenzene.  Blood-red  crysts  (from 
ale  or  eth),  mp  105-6°;  readily  sol  in  chlf, 
benz,  hot  ale,  hot  ligroin  & hot  glacial 
acetic  acid 

Ref:  Beil  16,  50-1  & [16] 
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3- Nitroozobenzene.  Orn-red  ndls  (from  ale); 
mp  95.5-96°  (sinters  ca  94°,  prior  to  melting; 
readily  sol  in  hot  ale,  hot  ligroin  & hot 
glacial  acetic  acid 

Ref:  Beil  16,  52  & [17] 

4- Nitroazobenzene.  Reddish-orn  lfts  or  ndls 
(from  ligroin),  mp  135°;  readily  sol  in  chlf, 
acet,  benz,  hot  ale,  hot  ligroin  & hot  glacial 
acetic  acid  and  very  si  in  cold  ligroin 

Ref:  Beil  16,  54,  (226)  & [17] 

Nitrosortitroazobenzene  (called  2-Phenyl- 

5- nitro-benztriazol-3~oxyd  in  Ger),  QHj  ♦- 
N:N«C#Hj(NO)«(NOa);  raw  256.22,  N 21.87%; 
yel  ndls,  mp  175°;  its  sublimate  melts  at 
160°.  It  was  obtd  by  heating  2,4-dinitrohydra- 
zobenzene  with  glacial  acetic  acid 

Refs:  l)Beii  26,  45  2 )C.  Willgerodt  & B. 

Hermann,  JPraktChem  40,  254(1889)  & JCS 
56  11,1160-1(1889) 

Dinitroozobenzene,  N0J-CeH,-N:N-C6H4-N03; 
raw  272.22,  N 20.58%,  OB  to  C02  -141.0%; 
five  isomers  are  described  in  the  literature: 
2,2' •Dinitroozobenzene.  Yel  crysts  (from 
toluene),  mp  209-10°;  readily  sol  in  hot 
glacial  acetic  acid  or  toluene,  diffc  sol  in 
ether,  petr  eth,  ale  or  carbon  tetrachloride 

Ref:  Beil  16,  51,  (225)  &[  16] 

3,3'>Dinitroazobenzene.  Orn  ndls,  mp  153°; 
100  g ale  dissolves  0.1  g at  15°  and  2.2  g in 
boiling  ale,  100  g ether  dissolves  0.5  g 
at  15°  and  0.8  g in  boiling  eth,  100  g benz 
dissolves  3.8  g at  15°  and  36.4  g in  boiling 
benz 

Ref:  Beil  16,  52  & [17] 

2,4' 'Dinitroozobenzene.  Orn-red  lfts  (from 
ale),  mp  131*2°; 

Ref:  Beil  16,  54 

4,4* -Dinitroozobenzene.  Orn-red  ndls  (from 
xylene)  & scarlet  ndls  (from  glacial  acetic 
acid)  mp  222-3°;  readily  sol  in  hot  glacial 
acetic  acid,  moderately  sol  in  hot  acet,  100  g 
benz  dissolves  1.8  g at  15°  and  5.2  g in 
boiling  benz;  nearly  insol  in  eth,  petr  eth 
and  cold  ale 

Ref:  Beil  16,  54,  (226)  & [17] 


2,4-Di nitro azobenzene,  (N02)2 'C„  H,  -N : N • - 
QHs  ; red  ndls  (from  ale)  mp  116-9°;  prepd  by 
reacting  yel  mercuric  oxide  with  a hot  alco- 
holic soln  of  2,4-dinitro-hydrazobenzene. 
Treatment  with  fuming  nitric  acid  gives,  ac- 
cording to  the  exptl  conditions,  either  2,4,4  - 
tr initro- azoxybenzene  or  2,4,4  -trinitro- 
azobenzene 
Ref:  Beil  16,  58 

Nitrosodinitroazobenzene  (called  2-phenyl- 
4.6-dinitro-benztriazol-l-oxyd  in  Ger),  CgHj  — 

N:N-C6H1(N0)-(N02)2;  raw  301.22,  N 23.25%; 
golden-yel  lfts,  mp  249-50°;  prepd  by  boiling 
picrylhydrazobenzene  with  ale  or  acetic  acid. 
According  to  Freund  (Ref  3)  this  compd  is 
identical  with  the  dinxtrosonitro azobenzene 
(qv)  of  Willgerodt  & Ferko  (Ref  2)  to  which 
the  formula  C12H,N5  04  had  been  erroneously 
assigned 

Refs:  l)Beil  26,  50-1  2)C. Willgerodt  & 

M. Ferko,  JPraktChem  37,  347(1888)  & JCS 
54  H,  829(1888)  3)M.Freund,  Ber  22,  1664 
(1889)  & JCS  56 II,  977(1889) 

Dinitrosoazobenzene,  (0N)-CsH4-N:N-CtH4- 
(NO);  mw  210.33,  N 19.98%;  wh  crysts,  mp  — 
sublimes  at  140°  and  melts  at  178°.  It  can 
be  prepd  by  heating  2,4-dinitrochlorobenZene 
with  phenylhydrazine  and  ale  in  a sealed 
tube  at  120-30°  or  by  heating  dinitrohydrazo- 
benzene  with  ale  and  also  by  mixing  a soln 
of  phenylhydrazine  hydrochloride  in  dil  ale 
with  caustic  alkali  and  adding  an  alcoholic 
soln  of  2,4-dinitrochlorobenzene 
Refs:  l)Beil  — not  found  2)C. Willgerodt 

& M. Ferko,  JPraktChem  37,  345(1888)  & 

JCS  54  U,  830(1888)  3)C.  Willgerodt  & B. 

Hermann,  JPraktChem  40,  252(1889)  & JCS 
56  II,  1160-1(1889) 

Dinitrosonitroazobenzene,  C6H5  -N:N*- 
C*H2(N0)2-N02;  mw  285.22,  N 24.56%;  golden- 
yet  scales,  mp  247.5°;  prepd  by  boiling 
picrylhydrazine  with  acetic  acid,  strong  HC1 
or  dil  H2S04  for  a short  time.  A subst  of 
brownish  color,  melting  at  145°,  was  also 
formed  (See  Nitrosodinitroazobenzene) 

Refs:  l)Beil  — not  found  2)C.Willgerodt 

& M. Ferko,  JPraktChem  37,  345(1888)  & JSC 
54  11,829(1888) 
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Trinitroazo benzene,  CjiHyNjC^;  raw  317.22, 

N 22.08%,  OB  to  COa  -108.5%;  five  isomers 
are  described  in  the  literature: 

2,4,2' -Trinitroazobenzene,  (NO^a'QHj-- 
N:N;C6fV(N02);  reddish  ndls  (from  ale),  mp 
173°;  readiiy  soi  in  hoc  benz  or  chlf,  sol  in 
ale  or  acet,  diffc  sol  in  eth  and  insol  in 

peu  V.L11 

Ref:  Beil  16,  58 

a a <1 1 ▼ * i /\m  \ _r  u . m.w._ 

• mniiroozQD^n^vnv! 

C6H,*(NOj);  red  ndls  or  plates  (from  benz), 
mr.  1 77- 3° ■ cnl  in  hnr  olaeial  acetic  acid. 

“•f  J o 

benz  or  chlf 
Ref:  Beil  16,  58 

2,4,4,-Trinitroazobenzene,  (N02)2‘C4H3-N:N  — 
C4R.*(N02);  red  ndls  (from  ale),  mp  170-2°; 
readily  sol  in  hot  ale,  eth,  chlf,  benz  or 
glacial  acetic  acid 
Ref:  Beil  16,  58 

2, 6,4'-  Tri  nltroozebentene.  (NOjlj'CeHj  • ** 
WN’QH^NOj);  red-yel  ndls  (from  chlf  + 
ale),  mp  168°;  readily  sol  in  glacial  acetic 
acid  or  chlf,  diffc  sol  in  ale  or  eth 
Ref:  Beil  16,  (227) 

2,4,6-Trtnitroazobenzene,  (N02X*CeH2  ‘N:N- 
C*H*  i dk-red  prisms  (from  ale),  mp  142°; 
readily  sol  in  chlf  or  benz  and  diffc  sol  in 
hot  ale;  prepd  by  reacting  yel  mercuric  oxide 
with  a hot  alcoholic  soln  of  2,4,6-trinitro- 
hydr  azobenzene 

r*»  t tii  * i 1 / e r\ 

tie/;  oei i iw,  jy 


Tetranitroaxobenzene,  C12H*N6Os,  raw  362.22, 
N 23-20%,  OB  to  C02  ”83-9%;  two  isomers 
are  described  in  the  literature: 


2,4,2!  ,4!  — Tetranitroazobenzene,  (NOjV- 
CaHj'NrN-CftHjCNOjX;  pale  orn  ndls  (from 

x _1_\  ^^1 3 4AL  1 // 

4LC  l aiL  / %jl  %Jl  i I tuiuicu  tauiCLd  (UOHl 


glacial  acetic  acid),  mp  220-2°;  readily  sol 
in  benz.  chlf  or  glacial  acetic  acid:  diffc 
sol  in  ale  or  ether;  the  ale  or  acetone  soln 
turns  blue  on  treatment  with  caustic  soda 
soln.  Green  & Rowe  (Ref  2)  prepd  this  compd 
both  by  nitration  of  2,2  -dinitroazobenzene 
with  mixed  nitric- suif uric  acid  and  by  oxidn 
of  2, 4-dinitro aniline  in  tetrachloroethane 

O a1  n tiiiftl  An  Art  rnln  of  kirtxyv  aKI  m Plcln#- 


/Ul_  IUV/A11W 


field  et  al  (Ref  3)  investigated  the  latter 


method  and  found  that  the  yields  were  low 
(40%  max)  in  small  runs  and  even  lower  in 
larger  runs 

Refs:  l)Beil  16,  59  & (227)  2)A.G.Green, 

JCS  101,  2450(1912)  3)R.C.Elderfield  et 
al,  OSRD  Rpt  No  158(1941)  or  PBL  Rpt  No 
31094(1941),  25 

2,4, 6,4' -Tetranitroazobenzene,  (N02)j-C4H2‘- 
N:N-C4H4-(N02);  orn-yel  ndls  (from  coned 
HNOj),  mp  163-4;  diffc  sol  in  alkalies, 
turning  the  soln  red.  Ciusa  (Ref  2)  prepd  this 
compd  by  trsstin^  tHc  dipot— ssium  — — It  of 
2, 4, 6,4'  - tetranitrohydrazobenzene , C12H604N8K2, 
with  coned  nitric  acid 

Refs:  l)Beil  16,  59  & (227)  2)R.Ciusa, 

AttiAccadLinceiRend  18  II,  66(1909)  & CA 

4,  1740(1910);  Gazz  41  I,  694(1911)  & CA 

5,  3804(1911) 


Pentanitroaxobenzene,  CuHsN-,Ol0;  raw  407.22, 

N 24.08%,  OB  to  C02  “64.8%;  one  isomer  is 
described  in  the  literature: 


2, 4,6,2'  ,4' -Pentanitroaxobenzene,  (N02)3-- 
C6H2*N:N-C4Hs*(N02)a;  orn  colored  ndls  (from 
glacial  acetic  acid;  mp  213°,  explodes  on 
heating  above  its  mp;  readily  sol  in  acet. 


h1v»»l 

“V1 


y\  r mVr/\kAn*r/mi 


^ i f cn  1 in 


ale,  eth  or  benz.  It  was  prepd  by  heating 
an  acetonic  soln  of  2, 4, 6, 2'  .^-pentanitro- 
hydrazobenzene,  [(N02)2‘C4H3'NH‘NH‘C4H2*- 
(N02)J,  with  an  excess  of  lead  peroxide  for 


% hr 


Refs:  l)Beil  16  , 60  2)H.Leemann  & 

E.Grandmougin,  Ber  41,  1307(1908)  & CA 
2,  2257(1908) 


Hexonitroazobenzene,  Cl2H4N4Ol2;  mw  452.22, 

T 2 TOW  AD r*A  A f\  C (Tt  . ^ f 4.4^4.  ? — . 

1^  44.  1 0/0  > V-/-U  IU  “t  y*JSQi  UliC  laviilCi  ia 

described  in  the  literature: 

2,4,6, 2' ,4  , 6 -Hexonitroazobenzene,  (NOjV“ 
C4H2*N:N*C4H2’(N02)s;  blood-red  prisms 
(from  NBj  ^Is.ci— I acetic  ^cid  or  coned  HNO^ )’ 
mp  215*6°;  diffc  sol  in  eth,  ale  or  benz.  It 
can  be  prepd  by  oxidn  of  2,4,6, 21 ,4r,6  - 
hexanitrohydrazobenzene  with  HN03  (d  1.3) 
orN  oxide  gases  (obtd  from  HNOa  and  As2Oj) 
In  glacial  acetic  acid  soin.  The 
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hexanitrohydrazobenzene  can  be  obtd  by 
rreatino  nif'rvl  chloride.  (NO..)*  *C*H-»*C1 . with 

C?  1 * ' 

hydrazine,  H2N-NH2,  or  in  two  stages: 

a) by  suspending  a mixt  of  dinitrochlorbenzene, 
(N02)2-C6Hj-CI,  with  hydrazine  in  hot  w contg 
Na  or  Ca  carbonate  to  form  tetranitrohydrazo- 

/wn  .r  u .\iu.MH.r  h fwnv 

b) on  treating  the  latter  compd  with  coned 
HN03,  two  addnl  N02  groups  are  introduced 
and  the  “NH-NH-  group  is  oxidized  to  a 
-N:N“  group 

Hexanitroazobenzene  is  a very  power- 
ful and  brisant  high  expl.  Its  Power 
as  measured  by  the  Traitzl  test  is  113%  PA 
or  123%  TNT  and  its  Impact  Sensitivity  is 
between  that  of  tetryl  and  PA;  the  FI  value 
is  67%  PA.  According  to  Davis  (Ref  3)  this 
expl  is  suitable  for  boosters  and  compound 
detonators.  The  presence  of  the  azn  group 
in  hexanitroazobenzene  makes  it  more  power- 
ful  and  brisant  than  hexanitrodiphenylamine 
(qv) 

Refs:  l)Beil  16,  60  2)E.Grandmougin  & 

H.Leemann,  Ber  39,  4385U906)  & CA  I „ 861 
(1907);  Ber  41,  1295(1908)  & CA  2,  2256-7 
(1008)  3)Dayis(1043)T  189L?0  4)A,H.Blatt, 
OSRD  2014(1944) 


AZ0BENZENEDIA20NIUM 

DERIVATIVES 


Azobeniene-4-diazonium  Chloride,  C6Hs  •* 
N:N*C6H4*N2C1;  mw  244.68,  N 22.90%;  orn 


prismatic  crysts,  mp  dec;  explodes  when 
touched  with  a red  hot  rod;  sol  in  w,  si  sol 


- .1  T. I — J Lo 

in  At  <_»u  uc  vy  ^ 


one  of  which  is  diazotization  of  p-aminobenzene 
with  NaNO,  in  HC1  (Refs  1,3&4) 


Azobenzene-4-diazonium  Di chromate, 

[C.H.  •N:N-CH.-N,l?Cr20?;  mw  624.47, 

N 17.94%;  yel  solid,  mp  explodes  ca  134°. 

It  can  be  prepd  by  treating  azobenzene-4- 
diazonium  chloride  with  K dichromare  (Reis 

2 & 3) 


Azobenxe-4-diaxoniiim  Hydroxide,  QHs  •" 

N:N*C6H4-N(;N)OH;  known  only  in  soln  and 
in  the  form  of  «;alrs;  many  of  which  are  expl. 
One  expl  deriv  of  the  hydroxide  is  the  compd 


c al  led  anhydro-i  4-  bydroxybenzene-3-c  ar  boxy  lie 
acid-4  -diazonium  hydroxide ) (qv) 

An  isomer  of  the  hydroxide,  called 
azobenzene-4-isodiazobydroxide , C6 Hs  •- 
N:N'C#HS  -N:NOH;  is  known  only  in  the  form 
of  its  sodium  salt  (Ref  1) 

n t «Vn  * 1 1 / /■I  £ A r 1 1 a1  Y-i 

fte/iv  i^oeii  iw,  <x  ljj-luj 

Meldola  & L.Hynon,  JCS  87,  4(1905)  3)J.T. 
Hewitt  & F.B. Thole.  JCS  97.  514(1910)  4) 

A. C. Sircar  & E.R. Watson,  JSC1  31,  970(1912) 

AZOBENZENECARBOXYLIC  ACIDS 
AND  DERIVATIVES 

Azobenzenecorboxyiic  Acid  or  Benzene- 
azobenzoic  Acid,  QH5  NiN-QH^-COOH, 
mw  226.23,  N 12.38%.  Three  isomers:  o-, 

m-  and  p-  are  described  in  Beil  16,  225,229, 
ry «n  oco\  ro*7_ol 

Nitrobenzenecarboxylic  Acids , Qjl^NjO^ 
mw  271,23  N 15,49%=  Various  isomers  axe 
described  in  the  literature,  but  none  of  them 
seems  to  be  expl 

Refs:  l)Beil  16,  238  2)L.Chardonnens 

& P. Heinrich,  Heiv  23,  1410  & 1416(1940)  & 
CA  35,  2122(1941)  3)E.Hecker,  ChemBer 
88,  1673(1955)  & CA  50,  10028(1956) 

Note:  No  higher  nitrated  derivs  of  azobenzene- 
carboxylic  acid  as  well  as  azido-  ^nd  diazido- 
comtids  wmp  found  in  Beil  or  CA  throii"h 
1956 

Azobenzenedicarboxylic  Acids.  See 

Azobenzoic  Acids 

AZOBENZOIC  ACIDS  AND  DERIVATIVES 

Azobenzoic  Acid;  Azodibenzoic  Acid  or 
Azobenzenedicarboxylic  Acid,  HOOO- 
C6 H, • N: N ■ CSH4 ■ COOH,  mw  270.24,  N 10.37%. 

T-l  * 4 4mm 

i-nree  isomers:  0,0  -,  m,m-  andp,p'-  are 
described  in  Beil  16,  228,232,233,236  & 

(287).  Of  these  only  the  para-isomer  is  of 
interest  because  its  nitro-  and  dinltro-  derivs 
form  expl  salts  (see  below) 

Azobenzene-4,4' -dicarboxyl ic  Acid  or  p- 

Azobenzoie  Acid  (called  p.p'-Azobenzosaure 
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in  vjtr;,  ;iv '^i^^uun, 

mw  270.24,  N 10.37%;  orn  or  red  crysts;  mp 
dec  ca  330°.  without  melting.  It  can  be 
nitrated  to  mono  and  dinitro-derivs  (Ref  1, 
pp  236-7) 

x-Mononitroazobenzene-4-4'  - dicarboxyl  ic 
Acid  or  Nitro-p-azobenzoic  Acid,  H02C>~ 
C6H,-N:N‘C6H,(N02)*C0jH;  mw  315.24, 

N 13-33%;  It  yel  platelets  (from  ale);  mp  dec 
ca  270°,  without  meiting.  its  silver  salt, 
Ag2Ci4H7N308,  yel  amor  powdr,  insol  in  w, 

tuac  rpnnrfprl  r rt  p vh  1 r\rlp  rtn  fiPPf  mo  1 

- -r -9 

p 238  & 2) 

I r\r_!*. L A Jl  J- I ls_ 

x,x  -viniirouxQiwiiienif-H,**  -aicaruuxyuc 

Acid  or  Dinitro-p,pl-Azobenzoic  Acid, 

H0,C-CHj(N0,)-N:N'CHj(N0:)C02H; 
mw  360.24,  N 15-55%;  yel  ndls  (from  ale); 
mp  dec  ca  257°,  without  melting.  Beil  (Ref 
1,  p 238)  lists  several  of  its  salts  without 
mentioning  whether  or  not  they  are  expl. 

Its  silver  Suit,  AgjC^HsN^Oj,  die  yel  amor 
powdr,  insol  in  w,  is  undoubtedly  an  expl 
compd 

Refs:  l)Beil  16,  236-8  2)A.Rodzianko, 

ZhRusFiz-KhimObshch  20,  20  & 25(1888)  & 

JCS  56,  141-2(1889) 

Azobenzoi.  Same  as  Azobenzene 

Azobis'(p-aimnobiphenyl)  (called  41 -Azo-4- 
amino-biphenyl  or  Diaminoazobiphenyl  in 
Ger),  H2N*C6H4-C6H4-N:N-QH,-QH4-NH2, 
mw  364.45,  N 15-38%;  yei-red  ndls  (from 
benz),  mp  287;  sol  in  hot  acet,  hot  benz  or 
chlf;  si  sol  in  eth  and  in  sol  m w.  Tts  prepn 
and  props  are  described  in  Refs  1 & 2.  The 
chloride  salt,  (CIN2C6H4C6H4N:)2,  called 
azodiphenyldiazonium  chloride  by  Willstatter 
& Kalb  (Ref  2),  prismatic  crysts  with  a 
vioiet  lustre  (orn- red  when  powd)  expl  at  ca 

95° 

n / i \ n . *i  1 / ->  rv^  w?*i  i a 

s\efs:  x/Dcii  io,  joj  i/iv,  win  scatter  oc 
L.Kalb,  Ber  39  , 3480(1 906)  & CA  l,  300-1 
(1007) 

Azobisanisole.  See  Azoanisole  and  Derivatives 


3-(CI  ilJICM^IIIlIVSVillMMIc/f  Vjll  V ■ 
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CH,CH3N:N-CH,‘CHj*ONO?,  mw  240. 14,  N 23-33% 
mp  126-8°  (after  washing  with  petr  eth).  It 
was  prepd  by  treating  ethylene  in  CC14  & 
dioxane  with  nitrogen  tetroxide  at  0-10u 


In  a similar  manner  there  were  prepd: 

Z-»  * e/  »o  A •\t1  o o i # c*.  i fu  r.rucnKjn 

LI  JJ  v>  '“'A  / 

T 

CH2«N!l2,  mp  131-2°,  from  propylene  and  bis 


amylenemtrosonitrate ) lti5L,2-t_tH.UlNU2;*  — 

-H.0 

H'N§*,  mp  102-4°,  from  amylene.  He  also 
claimed  the  prepn  of  bis( isobutylene)  and 
bis(  1-octene)  derivs;  no  props  are  given 


Dtrcause  vi  tneix  teaci lvity,  uicsc  niirusu 


nitrates  are  useful  in  the  prepn  of  compds 
contg  OH,  NH2,  COOH  and  NOH  groups 


Refs:  l)Beil  — not  found  2)J.  A.  Crowder, 

USP  2402315(1946)  & CA  40,  6092(1946) 


AZOBISFORMIC  ACID  OR 
AZuDiFORMiC  ACiD  AND  DERIVATIVES 


Azobisformic  Acid;  Azodiformic  Acid  or 
Azodicarboxyl tc  Acid  (called  Diimid- 
dicarbonsaure,  Azoameisensaure  or  Azodi- 
carbonsaure  in  Ger);  HOOC-N:N-COOH, 
mw  118.05,  N 23-75%.  Its  prepn  and  props 
are  described  in  Beil.  The  potassium  salt, 
K2CaN204,  a yel  powd,  explodes  when  heated 
above  100° 

Refs:  l)Beil  3,  122,  (58)  & [97]  2)J. Thiele, 

Ann  271,  130(1892) 

Azobis-(methylformate)  or  Azobisformic  Acid, 
Dimethyl  ester,  H3CCO-N:N-COOCH,, 
mp  122.08,  N 22.95%;  orn-yel  oil,  bp  96°  at 
25  mm;  explodes  on  rapid  heating.  It  can  be 
prepd  by  treating  the  dimethylester  of  hydrazo- 
dicarboxylic  acid  with  fuming  nitric  acid 

Refs:  i)Beii  3,  (58)  & [97- 8l  2)0. Diels  & 

P.Fritzsche,  Ber  44,  3026(1911) 


Azobisformamide  or  Azodicarboxamide  (called 
A zodi carbon saurediaroid  or  Azodicarbonamid 


r - s~* \ it  \t  /"rv  \t.\7  viit  1 1 /■  AO 

in  vjcw,  njiv ’win •wwnj,  mw  nu.vo, 

N 48.27%;  orn  prismatic  ndls,  mp  225-30° 
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(dec-depending  on  rate  of  heating);  Picard 
& Boivin  (Ref  4)  reported  a mp  of  180°  with 
decorapn;  Qc(av)  254.83  kcal/mol  (Ref  5) 

Qf  69.91  (Ref  5).  It  was  prepd  by  oxidg 
hydrazodicarboxamide,  (NHCONH2)2,  with 
K2Cr207  in  dil  H2SO*.  This  compd  when 
heated  with  aniline-HCI  to  220°  gives  4- 
phenylurazole,  mp  202*3°  (Ref  3) 

Refs:  l)Beil  3,  123,  (58)  & [99]  2)J.Thiele, 

Ann  271,  127(1892)  3)A.T.  d'Arcangelo, 
RevFacuItadCiencQuim  (La  Plata)  18,  81- 
93(1943)  & CA  41,  948(1947)  4)J.P. Picard 
& J.L. Boivin,  CanJChem  29,  223-7(1951)  & 
CA  45,  9469(1951)  5)M.M.  Williams  et  al, 
JPhysChem  61 , 264(1957)  & CA  51 , 9284 
(1957) 

Azobisformamidine  or  Azodicarboxamidine 

(called  Azoforma  midin  A zodi  carbon  saure- 
diamidin  or  Azodicarbonamidin  in  Ger), 
H2N*C(:NH)*N:N*C(:NH)*NH2,  mw  114.12, 

N 73.65%.  Its  prepn  and  props  are  described 
in  Refs.  Some  of  its  salts  are  explosive. 

The  dinitrate,  CjH^Nj  + 2HNOs,  yel  platelets 
(from  warm  w)  explodes  at  180-4°  without 
melting.  It  can  be  prepd  by  treating  a nitric 
acid  soln  of  aminoguanidine  nitrate  with  an 
aq  KMn04  soln.  The  picrate  is  also  explo- 
sive 

Refs:  l)Beil  3,  123  2)J.Thiele,  Ann  270, 

39(1892)  3)H.Lieber  et  al,  AnalChem  23, 
1594(1951)  & CA  46,  3857-8(1952)  4)G.F, 
Wright,  CanJChem  30  , 62-70(1952)  & CA  47, 
3793-4(1953)  5 )J.C. Mackenzie  et  al,  JOrg- 
Chem  17,  1666(1952)  & CA  48,  686(1954) 

Azobis(nitroformamidine)  or  2,5-Din*tro- 
azobisformamidine,  H2N*C(:NN02)*N:N— 
C(:NN02)-NH2,  mw  204.12,  N 54.89%;  red  or 
orn-yel  cryst  which  decomp  explosively  at 
165°.  This  compd  was  obtd  by  Wright  (Ref 
2)  on  nitrating  azobischloroformamidine, 
HaN‘C(:NCI)*N:N‘C(:NCI)-NH2,  with  98.8% 
HNOs,  in  the  presence  of  acetic  anhydride. 
The  latter  compd  was  obtd  by  treating 
azobisformamidine  di nitrate,  OjN-H2N*- 
C(:NH)-N:N-C(:NH)-NH2-N01,  with  aq  NaOH. 
Azobis(nitroformamidine)  seems  to  be 


identical  with  the  product  prepd  by  Thiele 
(Ref  1).  Henry  et  al  (Ref  3)  prepd  azobis- 
nitroformamidine  by  oxidation  of  1,6- 
dinitrobiguanidine  with  calcium  permanganate 
and  obtd  an  orn-yel  prod  of  mp  171-2° 

(decomp) 

The  expl  props  of  this  compd  were  not 
detd  but  Kumler  (Refs  4 & 5)  established  its 
structure,  dipole  moment,  UV  and  IR  spectra 

Refs:  1)J. Thiele,  Ann  270,  39(1892)  2) 

G.F. Wright,  CanJChem  30  , 65-8(1950)  & CA 
47,  3793-4(1953)  3)R.A.Henry  et  al,  JACS 
75,  958(1953)  & CA  48,  2050(1954)  4)W.D. 
Kumler,  JACS  75,  3092-3(1953)  & CA  48, 
6962-3(1954)  5)W.D.Kumler,  JACS  76,  814-6 
(1954)  & CA  48  , 8051(1954) 

aja'-Azobis-lchioroformamtcline);  Chi  oroaxi  dine; 
Axochloramide  or  N'N'-Dichloroazodicarbox- 
amidine,  H2N(C1N:)C.N:N-C(:NC1)NH2, 
mw  183-02,  N 45.92%;  bright  yel  ndls  or 
plates;  mp  152°  (from  HaO)  (Ref  8),  155.5° 

(from  EtOAc)  (Ref  2)  and  157-8°  (from  dioxane) 
(Ref  8);  soly  in  w at  1°-150,  20°-280  , 40°- 
610  and  61°  1490  mg/1  and  in  many  org  solvs 
was  detd  (Ref  2);  triethylacetylacetate  is  a 
suitable  solvent  (Ref  9);  in  sol  in  dil  alkali 
(Ref  8);  its  toxicity  and  expln  hazards  are 
discussed  by  Sax  (Ref  11) 

Azobischloroformamidine  was  first  prepd 
in  1934  by  Schmelkes  & Marks  (Refs  2 & 3) 
by  careful  chlorination  of  azodicarboxamidine 
or  hydrazodicarboxamidine  with  NaOCl  or 
Cl  gas.  Braz  et  al  (Ref  5)  and  Takagi  et  al 
(Ref  6)  prepd  this  compd  by  converting 
guanidine  nitrate  into  nitroguanidine,  re- 
ducing it  to  aminoguanidine,  oxidg  to  azodi- 
carboxamidine, [:NC(:NH)NH212,  and  finally 
•chlorinating  with  NaOCl.  Braz  et  al  obtd  a 
42-5%  yield  of  prod,  96-8%  pure,  melting  at 
146-7°  while  Takagi  obtd  yel  ndls  decomg  at 
155° 

Explosive  and  other  props  of  a pure  sample 
were  detd  at  PicArsn  in  1936  by  Aaronson 
(Ref  4): 

Brisance  (using  tetryl  and  MF  as  initiator) 

29-7  g sand  crushed  vs  43g  for  TNT 
Explosion  Temp , °C  (5  sec)  183° 
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Hygroscopicity  at  31°C  and  90%  RH  0.10% 
Ignitibility  by  flame- flame  of  match  causes 
burning  at  point  of  contact  but  does  continue 

to  propagate  flame 
Sensitivity  to  detonation - 

>not  detond  by  spit 

of  BkPdr  fuze,  0.4  MF  in 

a No  6 blasting 

cap  caused  only  partial  deton 

Sensitivity  to  impact 

f II  1 ill  r 

J Vb  i.4*  IOI  ll\l 

(2  kg  wt) 

Solubility  at  25° 

g/100  g solvent 

water 

0.03 

alcohol 

1.25 

ether 

0.4 

acetone 

4.0 

Stability  Tests: 

65.5°  KI  Heat  test 
100°  Heat  test 

4 min 

% Loss  1st  48  hrs 

47.7 

art  * J Art  1 

/0  LUbb  4I1U  *40  III 3 

a -i  n 

**  * •y 

120°  Vac  Stab  test 

11+  cc  in  3 hrs 

Azobischloroformamidine  is  sensitive  to 
expln  by  impact  and  has  a fairly  high  bri- 
sance  value  but  due  to  its  poor  stability  at 
elevated  temps,  it  appears  unsuitable  for 
use  in  military  expls 

Kumler  (Ref  10)  detd  the  dipole  moment, 
UV  & IR  spectra  and  structure  of  azobis- 
chloroformamidine; Wright  (Ref  8)  studied  its 
X-ray  diffraction  pattern 

Most  of  the  studies  reported  in  the  liter- 
ature have  been  directed  to  the  antiseptic, 
disinfect  an  z , dossgt  or  sterilizing  action  of 
azobischloroformamidine.  Galvin  (Ref  7) 
froze  the  compd  with  H20  into  a cake,  sheet 
or  film  for  application  as  a disinfectant  or 
germicidal  agent 


Refs:  l)Beil  — not  found  2)F.C.Schmelkes 

& H.C. Marks,  JACS  56,  1610-2(1934)  & CA 
28,  5046(1934);  USP  1958371(1934)  & CA 

28,  4074(1934);  USP  2016257(1935)  & CA 

29,  8008(1935)  ana  Brier  436093(1935)  & 

CA  30,  1520(193 6)  3)Wallace  & Tiernan 
Prods, Inc,  FrP  765611(1934)  & CA  28,  6948 
(1934);  FrP  804450(1936)  & CA  31,  3641 
(1937);  GerP  633561(1936)  & CA  31,  507-8 
(1937)  and  GerP  657378(1938)  & CA  32,4180 


(138)  4)H.A.  Aaronson,  PA  Chem  Lab  Rpt 
47658,  Nov  1956  5)G.I.Sraz  et  ai,  ZnPrikl- 
Khim  17,  565-9(1944)  & CA  40,  2267-8(1946) 
6)S.Takagi  et  al,  Jap  an  JP  harm  & Chem  20, 
132-4(1948)  & CA  45,  5628(1951)  7)T. 
Galvin,  USP  2521358(1950)  & CA  44,  11042 
(1950)  8)G.F. Wright,  CanJChem  30,  62-70 
(1952)  & CA  47,  3793-4(1953)  9)R.L.Evans 


& E.G.  McDonough,  USP  2618584(1952)  & 

CA  47,  11245(1953)  10)W.D.Kumler,  JACS 

7C  lftno  i /irvc?\  o.  a A Q Krt/Zi.  i / 1 c*l  A \ 3 

# j \f  j \ a y j j ) ol  tv  j u/ua'j  anu 

JACS  76,  814-6(1954)  & CA  48,  8051-2(1954) 
ll)Sax  (1957).  326 


Azobis(ethylformamide)  or  Azodicarboxy- 

: J_  / ii_j  a j: ,1 k... u: 

vri  iviiinuu  ^Laiivu  <ia;ui\.aiL/vuoauiv  uu' 

athylamid  in  Ger),  H«  Ca-NH*CON:N*CONH- 
C.Hm  , mw  172.19,  N 32.54%;  orn-red  Ifts, 
mp  133°.  Its  silver  salt,  AgaC6H10N4O2j  red- 
yel  powd,  explodes  mildly  ca  144°.  It  was 
prepd  by  the  action  of  ammoniacal  AgNOs 
on  azodicarboxyethylamide  in  ale 

Refs:  l)Beil  4,  (354)  & L609J  2)0. Diels  & 

M.Paquin,  Ber  46,  2000-7(1913) 

Azobis(methylformamide)  or  Axodicarboxy* 
me+hylamide  (called  Azodicarbonsaure-bis- 
methylamid  in  Ger),  HsC*NH*CO*N:N*CO*NH*- 
CH3,  mw  144.14,  N 38.87%;  yel  powd,  mp 

i*>nO  / i \ r . I.  _ . **. _1 

i / u (accomp/*  i(5  <uc  nut  luciniuncu 

in  Refs  1 & 2 (below)  bur  it  seems  possible 
that  if s Ao  <?alt  mioht  he  Dreod  in  the  manner 

’ ~ - - - O'--  C>  T ’ II" 

described  for  the  prepn  of  the  Ag  azobis- 
ethylformamide  salt  in  Ref  2,  p 2006  (above). 
Since  the  Ag  salt  of  the  ethylamide  is  expl, 
it  is  likely  that  the  Ag  salt  of  the  methyl- 
amide  would  also  be  expl 
Refs:  l)BeiI  4,  [572]  2)H.E. Cooper  & 

E.H. Ingold,  JCS  1926,  1895 

Azobis-(isobutyronitrile)  (called  ata{- 
Azoisobuttersaure-dinitril  in  Ger),  NC*- 
C(CH,)2N:N-C(CHs)aCN,  mw  164.21,  N 34.12%; 
wh  ndls  or  prisms  (from  cth);  mp  103*4.5° 
(decomp);  readily  sol  in  ale  or  eth,  insol  in 
w:  the  rate  of  deeompn  in  toluene.  Isobutyl 
alcohol,  t-amyl  alcohol  and  aniline  (all  at 
80.2°)  has  been  shown  by  Overberger  et  al 
(Ref  4)  to  be  independent  of  solvent  type; 
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Q activation  54  kcal/mol  (Ref  4);  Q£  1217 
kcal/mol  and  54.63  kcal/mol  (Ref  6).  This 


compd  was  first  prepd  in  1896  by  Thiele  & 
Heuser  (Refs  1 & 2)  on  treating  a cold  soln 
of  hydrazoisobutyronitrile  with  Br2  water  in 
HCi.  Rohm  & Haas  (Ref  7)  obtd  a patent  for 
the  simple  and  inexpensive  prepn  of  this  compd 
find  rsl  derivatives  from  ths  rs  sc  tie  n of 


Na,  Ca  or  alkyl  hypochlorites  on  the  corre- 
sponding amino  compd.  Thus,  by  adding 
(CH3)aC(NH2)CN  with  stirring  at  5-10°  to  a 
soln  of  NaOCl  and  pptg  with  H20,  a,af- 
azobisbutyronitrile  was  prepd 

Carlisle  (Ref  3)  reported  an  expin  occurred 


lined  steam  jacketed  vessel.  The  cause  of 
this  expin  was  not  detd  but  examination  of 
the  subst  showed  that  it  was  slightly 
flammable  but  did  not  explode  when  un- 
confined. Therefore,  on  heating  in  a closed 
system  a pressure  release  valve  should  be 
provided 

On  heating  azobis-isobutyronitrile  in  water, 

r»  o r>  ■ O OflrJ  fli  Aro  < c ^rkrm/irl 


methylsuccinonitrile,  mp  170°  (Refs  2 & 7). 
This  decompn  of  azobisnitriles,  as  shown 
by  Thiele  & Heuser  (Ref  2)  is  a convenient 
synthetic  method  for  obtg  terras ubstituted 
succinonitriles.  Three  new  such  compds, 
decompn  products  of  azonitriles,  were  prepd 

i _ 1 I i /-v  i _ i /n  _ e.  a \ 

w-uu  t lieu. at. uy  wvctoctgct  ci  cu  \,a\ci 


Azobisisobutyronitrile  is  reported  useful 

Ac  A Klriu/ino  A o^nf  fnr  tV if*  nrn^iirrinn  nf 

— £,  l 

polymer  foams  and  as  a polymerization 
catalyst  (Refs  4 & 7).  The  tetramethyl- 
succinonitrile  product  of  its  decompn  is 
toxic  (Ref  5) 


Refs:  l)Beil  4,  563  & (566)  2)A.Thiele  & 

N.Heuser,  Ann  290,  30(1896)  3)P.J. Carlisle, 
ChemEngNews  27,  150(1949)  & CA  43,  8681-2 
(1949)  4)C.G.Overberger  et  al,  JACS  71, 


Watson  et  al,  USBurMinesRptlnvest  Mo  4777 
(1951)  & CA  45.  3190-1(1951)  6)W.S. 
McEwan  & M.W.Rigg,  JACS  73,  4726(1951)  & 
CA  46,  4350(1952)  7)Rohm  & Haas  Co, 
BritP  672106(1952)  & CA  47,  3868-9(1953) 


3,3'  -Axobis-(4-methyl)  furazan  (called  4.41- 
Dimethyi-L3 .3  -azo-i.2.5-oxdiazol  or  4.4  - 
Dimethyl-3- 3' -azofurazan  in  Ger), 


N-O-N 


li 


N-O-N 


i , mw  194.16, 


N 43.29%;  orn-yel  lfks,  mp  107°;  sol  in 
common  org  solvs,  insol  in  w.  It  can  be 

ro  tt.  /-J  Kit  rt  n m jafKt  r 1 <3m  ■ rtA^nr  ^ *rttn  U 

C:N-0'N:C*NHa,  in  30%  H2SQ4  with  dry 
KMn04  at  60-70° 


Refs:  l)Beil  27,  [866]  2)G.Ponzio  & G. 

Ruggeri,  Gazz  53,  304(1923)  & CA  17,  3873- 
4(1923) 

F/inv l.cvm.lpinTni^^  3.3 

r.wr/.  - / »-#  — 

Diprop  yl-5, 51  -azo- 1,2,4-  triazole, 

N =C’N:N-C  ~---N 


c2h5  -ch2-c=n-nh  hn-n=och2-c2hs 


mw  248.29,  N 45.13%;  pale  yel  crysts;  mp- 
dec  without  melting;  easily  sol  in  alk  and 

»y]  k*T  »ir  A nlj  n a i aa.1  I aa  a aJ  LI 

iXppLU  ujf  wc  OtN.  a^lUO,  D^l  Ul  CUUVU 


giving  a yel  soln,  and  pptd  by  w.  It  was 
prepd  by  oxide  5- amino-3- n-propyl- 1,2,4- 
triazole  with  KMn04  in  alk  soln.  Reduction 


of  azobispropyltriazole  with  SnCl2  in  acid 
soln  gave  a col  soln  of  the  hydrazo-compd 
which  easily  reverted  to  the  azo-compd  on 
oxidn 

From  a coned  soln  of  chloroauric  acid  and 


diazo tized  aftiinopropyltriazole,  there  was 
separated:  5-diazo-3-fi-propyl-l t2, 4-triazole 
chloToaurate,  [(Q  HtNj  • AuCl2)2-H20],  which 
darkened  on  heating  and  melted  at  135°  (dec) 
and  5-diazo- 3- isopropyl- 1 ,2,4-triazole  chloro- 
amate,  LCS  H7N5  -AuClj],  as  a yel  ppt,  stable 
at  RT  but  exploded  violently  on  heating  and 
uCCOIup  ili  «'  «! c soln 


Refs:  l)Beil  26,  [ 190] 


n 


C/l  UU4IJ I J 


7T~C  IOOX  1 111 
J — » '“w> 


2)J. Reilly  & P.J. 


3293-4(1926) 

Azobi  s-(stilbene).  See  Aznsfilhene  and 


Derivatives 


Azobutyronitrile.  See  Azobis-(isobutyronitrile) 


Azoderivatives  of  Eulite.  See  under  Eulite 
and  Derivatives 


Azodicarboxamide.  See  Azobisformamide 
under  Azobisformic  Acid  and  Derivatives 
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Azodicarboxamidine.  See  Azobisformamidine 
under  Azobisformic  Acid  and  Derivatives, 
Azodicarboxyethylamide.  See  Azobisethyl- 
formamide  under  Azobisformic  Acid  and 
Derivatives,  p A653 

Azodicarboxyhydrazide  (called  4- Amino-3. 5- 

dioxo-1.2.4-triazolin  in  Ger),  0=C N— NH2, 

N=N-C=0 

mw  114.07,  N 49.12%;  violet  powd,  very  un- 
stable, exploding  ca  72° 

Refs:  l)Beil  26,  (64-5)  2)R.Stolle,  Ber 

45,  288(1912)  & CA  6,  1005(1912) 

Azodicarboxylic  Acid.  See  Azobisformic 
Acid,  p A65l 

Azodicarboxymethylamide.  See  Azobismethyl- 
formamide  under  Azobisformic  Acid  and 
Derivatives,  p A653 

Azodiformic  Acid.  See  Azobisformic  Acid 
and  Derivatives 

Azodimethylbenzene.  See  Azoxylene  and 
Derivatives 

Azodiphenyldiazonium  Chloride.  See  under 
Azobisaminobiphenyl 

Azoethone(called  in  Ref  3 Azobisetbane), 

CaHs  ♦N:N‘CaHs , mw  86.14,  N 32.53%.  Col 
liq,  bp  58°,  n D 1.3852  at  20°.  Can  be  prepd 

from  1,2-diethylhydrazine  (Ref  3)  or  its 
dihydrochloride  (Ref  2).  Its  expl  props  were 
not  examined 

Refs:  l)Beil  — not  found  2)J.L.Weininger 

& O.K.Rice,  JACS  74,  6216(1952)  & CA  47, 
3704(1952)  3)R.Renaud  & L.C.Leitch,  Can 
jChem  32,  549(1954)  & CA  49,  4503(1955) 

Azoformic  Acid.  See  Azobisformic  Acid  and 
Derivatives 

Azoimide.  Same  as  Hydrazoic  Acid  (qv). 

See  under  Azides,  Organic 

3,3  -Azoindazole  (called  Indazolinyliden- 
indiazenyliden-hydrazin  in  Ger),  Ct4H10N6. 
Three  structural  formulae  are  given  in  Beil 
mw  262.27,  N 32.05%;  dk-red  brn  crysts,  with 
green  luster  (with  1 CjH«0  from  ale);  mp 
229.5°;  sol  in  ale  or  chlf;  d iff  sol  in  common 
org  solvs  and  in  w.  Its  prepn  and  props  are 
described  in  Refs 


Refs:  l)Beil  24,  141  2)E. Bamberger  et  al, 

Ann  305  347(1899)  & Ber  39,  4279(1906) 

Azomethane  (called  Dimethyldiimid  in  Ger), 
H3C-N:N-CH,,  mw  58.08,  N 48.23%,  OB  to 
CO,  -192.8%;  col  gas  which  can  be  liquefied 
and  then  solidified  at  “78°  to  col  leaflets; 
bp  1.5°  at  751  mm,  d of  liq  0.744  at  0°/l5°. 
This  compd  can  be  prepd  by  the  action  of 
HN02  on  -dimethylhydrazine,  HjC*H.- 
NrN'H-CHj,  or  by  other  methods  (Refs  1,3  & 
6).  Its  expl  props  have  been  reported  by  Allen 
& Rice  (Ref  3) 

The  thermal  expln  of  gaseous  azomethane 
(Ref  3)  occurs  in  accordance  with  the 
Semenov  theory  of  thermal  explosions  as 
described  in  Ref  2.  This  process  was  studied 
also  by  Taylor  & Jahn  (Ref  4) 

Kodama  et  al  (Ref  5)  studied  the  reaction 
of  azomethane  with  methanol  at  ca  300°, 
measured  the  press  change  and  analyzed  the 
reaction  products  resulting  from  the  decompn 

Refs:  l)Beil  4,  562,  (566)  & [966]  2)N. 

Semenov,  ZPhysChem,  Abt  B,  2,  161(1929) 

& CA  23,  2870(1929)  3)A.O.  Allen  & O.K. 
Rice,  JACS  57,  310-7(1935)  & CA  29,  2359 
(1935)  4)H. A. Taylor  & F.P.Jahn,  JChem 
Phys  7,  470-3(1939)  & CA  33,  6691(1939) 

5) S.Kodama  et  al,  jChemSoc Japan,  Pure 
ChemSec  71,  173(1950)  & CA  45,  6567(1951) 

6) J.P. Picard  & J.L.Boivin,  CanJChem  29, 
223(1951)  & CA  45,  9469(1951)  7)R.Renaud 
& L.C.Leitch,  CanlChem32,  549(1954) 
Azomethines  or  Scniff  Boses.  See  under 
Aldehyde- Amine  Condensation  Products, 

pp  A 120-1 

Azomethyl  benzene.  See  Azotoluene  and 
Derivaties 

Azomethylfurazon.  See  3,3* -Azobis  (4- 
methyl)  furazan 

AZONAPHTHALENE  AND  DERIVATIVES 

Azonaphthalene  (called  Azonaphthalin  or 
Dinaphchyl-diimid  in  Ger),  C10H7*N=N*C10H7, 
mw  282.33,  N 9.92%.  Three  isomers  are  de- 
scribed in  the  literature:  1.1  - or  a,a'- 
■ Azonaphthalene  (Ref  1);  1»2'-  or  a, - 
Azonaphthalene  (Ref  2)  and  2,2'-or^,jS  - 
Azonaphthalene  (Ref  3).  The  nitro  derivs  of 
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azonaphthalene  may  be  of  interest  as  expi 
ingredients 


n / _ 

xu;/a; 
16,  80 


i \ri  _ - 1 1 / 

x iv, 


-ro  /->5  1 \ o.  r->^i 
/O,  » L^WJ 


3)Beil  16,  80,  (23D  & [26] 


Dinitroazonaphthaierte  or  Azobt*-(ni*ro- 
naphthaline),  C10H*(NO2)-NI:N-C19H6(NO2), 


are  described  in  the  literature: 


• <■  I » * . A Ml  A A ■ . • 

i,i  -umitro-z,z  -azonapmnaierte;  orn-red  rods 
(from  benz),  mp  305-6  (Ref  8);  yel  ndls  (from 

u^o/Dot  7\.  u., 

mp  \iiwi  //)  ptyj/u  u j v^auii  ox 

l-nitro-2-naphthylamine  with  phenyl  iodoso- 
acetate  yielding  also  some  naphthofurazan 
oxide 


>Dj  nitrA-2,2^-"  zoncphf  Hole  ns  (c  ailed 
2, 2* -azobis  [4-nitronaphthalene  in  CA);  brn- 
red  cry st s,  mp  315°.  Prepd  from  the  action 
of  hydrazine  in  ale  on  l-chloro~2,4-dinitro- 
naphthalene,  warmed  6 hrs  on  a w bath.  The 
product  was  a mizt  of  the  dinitro  compd,  the 
di-NH4  salt  of  2,4-Cl0Ha(NO2)2,  m-nitro- 

L 1 ! ^ J * 1 _ ~ _ J n i J * _ 

Ijo^_/iituyi  duilliugic  «a.llU  SU111C  X,**-U1IUL1U 

naphthalene.  The  reaction  of  anhyd  hydrazine 
with  l-chlnrn-2.4-dinitronaDhthaIene  pave 

, ( - t o 

only  the  4,4  -dinitro-2,2  -azonaphthalene  and 
2,4-dinitronaphthalene  (Refs  1 & 2) 

2,2' -Dinitro- 1,1'  -azonaphthalene;  orn-red 
rods  (from  benz).  mp  219°;  prepd  bv  oxidn  of 
2-nitro-l-naphthylamine  with  phenyl  iodo- 
soacetate  yielding  also  naphthofurazan, 
identical  with  the  product  obtd  by  oxidg  1- 
nitro- 2-nap hthylamine  (Ref  8) 

3,3* -Dinitro-1,1' -azonaphthalene;  red-brn  ndls, 
mp  315°;  sparingly  sol  in  acet;  in  coned 
H2S04  gave  a Prussian-blue  color  which  was 
permanent  for  days,  and  changed  to  bright 
yel  on  dilution  with  w;  soin  in  aq  NaOH  gave 
an  intense  emerald  color;  prolonged  boiling 
with  alcoholic  KOH  produced  a bfn  powdr. 

It  was  prepd  by  the  action  of  sodium  sulfite 
on  3-nitronaphthalene-l-diazoacetate,  pre- 
viously obtd  by  diazotizing  3-nitro-l- 
naphthylamine  and  treating  the  diazonium 
chloride  with  aq  sodium  acetate  (Ref  5) 


i il  I"\-  1 U I .L.  I _ 1 

•*,**  ■wiimro*  i,  i -uionapninaiene;  rea  crysts 
(from  nitrobenz),  mp  334°  (Ref  4)  to  310° 

(from  toluene)  (Ref  6):  si  sol  in  hoiling 
glacial  acetic  acid  to  give  a yel  soln; 
sparingly  sol  in  acet,  boiling  benz  or  chloro- 
benz;  almost  insol  in  boiling  ale;  and  gave 
a bright  blue  color  in  coned  H2S04  soln 
which  changed  to  bright  yel  on  dilution  with 
water.  It  was  prepd  by  the  action  of  sodium 
sulfite  on  ^nitrciisphthsl^n^'  iadi«zcniurn 
chloride  (or  sulfate)  (Refs  4 & 6) 

5, S'- Dinitro-1, 1'-azonaphihaiene;  yei-brn 
ndls  (from  nitrobenz)  orn-yell  ndls  (by  subln), 
mp  322-3°  (Ref  3)  & 280°  (from  toluene)  (Ref 
6);  sparingly  sol  in  boiling  ale,  glacial 
acetic  acid  or  benz;  the  color  in  coned  H2S04 
soln  was  reddish-violet,  which  changed  to 
yel  on  heating.  It  was  prepd  by  the  reaction 
of  5-nitro-l-naphthalenediazonium  sulfate 
with  cuprous  hydroxide  (Refs  3 & 6) 

Refs:  i)Beii  16,  [26]  2)E. Muller  & 

K.Weisbrod,  JPraktChem  111,  309(1925)  & 

A Ofl  *7<cn/ 1 i \iu  u 

y/u.u.liuugauu  Cl  ait 

JCS  1942,  746  & CA  37,  1422(1943)  4)H.H. 
Hodgson  et  al.  JCS  1944.  16  & CA  38.  2030 
(1 944)  5)H.H. Hodgson  & D. E.Hathway,  JCS 

1945,  452  & CA  39,  4863(1945)  6)B.M. 
Bogoslovskii  & Z.S. Kazakova,  ZhObshchKhim 
22,  1183-6(1952)  & CA  47,  6388(1953)  7) 
G.B.Bariin  et  al,  JCS  1954,  5123  Sc  CA  49, 
11608(1955)  8)K.H.Pausaker  & J.G.Scroggie, 
JCS  1954,  4502  & CA  49,  13226(1955) 

Trinitro,  QqHuNj  04,  Tetranitro,  C^H^NsC),, 

P ontsiini t+n-  P U M H onH  Wov/iniftn. 

- t ~ r w , 

^qH^NjOu,  Derivatives  of  Azonaphthalene 
were  not  found  in  Beil  or  in  CA  through  1956 


AZOPHENETOLE  AND  DERIVATIVES 

Azophenotole  or  4,4'-AzodipH«netole  (called 
Diathoxy-azobenzol  in  Beil),  C2Hs  ‘O-CgH^N:- 
N*C61VO*C2Hs , mw  270.32,  N 10.36%.  Several 
isomers  are  described  in  the  literature: 

2,2!-or  o,o‘-azophenetoi  (Ref  i),  3,3  - or 
m,m'-azophenetol  (Ref  2),  4,4'-  or  p,p'- 
3.  z op  hen  st  o 1 (Rgf  3)>  2 ,4  * phsnstol  (R.cf  4) 
and  3.4'  phenetol  (Ref  5).  The  nitro  derivs 
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of  azobisphenetol  may  be  of  interest  as 
expi  ingredients.  No  azido  or  diazido-derivs 
were  found  in  Beil  or  CA  through  1946 

Refs:  i)Beii  16,  92  2)Beii  16,  95  & i5?] 

3)Bell  16,  112,  (238)  & [44]  4)Beil  16,  109 


Dinitroazophenetole[C2Hs  *0-CsHa(N03)N:]2, 
mw  360.32,  N ip. 55%.  Two  dinitro  aerivs 
are  described  in  the  literature:  x.x  - Dinitro - 
2 2 * m‘£i£oi$?G2cy?m bri  ght  red-yel  ndls 
(from  ale),  mp  190a,  sol  in  boiling  ale.  It 
was  prepd  by  nitrating  o, o' -azophenetol  with 
cold,  fuming  nitric  acid  (Ref  1) 

5,3  -Dimtro-2, 2* -diet  boxy- azobenzene; 
brownish-red  ndls  (from  chlf);  mp  284-5°, 
sublimes  without  decompn;  sol  in  cold  chlf 
or  cold  benz;  insoi  in  boiling  aic;  dissolves 
without  decompn  with  a yel-red  color  in  cold 

rAA/t/1  U QA  TV  mae  rtkfrl  of  ttMfk  tkfl 

WtfU4.lV.VJ  JL  ■ JLW  »TI*^  VMVU  liV^VH»V*  *»  V 

x,x’ -dinitro  compd  on  nitrating  o,o’- 
azophenetol 

Ref:  Beil  16,  92  & 94 


Tetranitroazopheneioi,  Ci6H14N#O10,  not 
found  in  Beil  or  in  CA  through  1956 

Hexanitroazophenetole(ca]led  2.4.6.2,.4,.6I- 
Hexanitro-3. 3 '-diathoxy azobenzol  in  Ger), 
[CjH,  •0*C6H(NGjXN:3,;  mw  340.32,  N 20.74%, 
OB  to  C02  —71.1%;  light  orn  ppt,  which  on 

rcc&ysCu  from  s 3 c or  oi . scvtic  o oid 

gives  dk  red-yel  to  red  crysts;  mp  138-9°; 
easily  sol  in  glacial  acetic  acid,  cold  ale, 
benz  or  eth;  insol  in  w.  Its  prepn  and  props 
are  described  in  Ref  2 

Refs:  l)Beil  16,  [38]  2)K.Elbs  & O.H. 

Schaaf,  jPrakChem  120,  2-14(1928)  & CA 
22,  4508(1928) 


AIGFHENuL  AND  DERIVATIVES 

Azophenol;  Azodiphenol  or  Dihydroxyazo* 
benzene  (called  Dioxy- azobenzol  or  Azo- 
phenol in  Beil)  H0-CftH4*N:N'CeH4-0H, 
mw  214.22,  N 13-08%.  Three  isomers  are 
described  in  the  literature:  o, o’ -azophenol 
or  2|2  -d ihydro sry 2 zobcnzol  (Ref  1);  m,m*- 
azophenol  or  3 ,3’ -di hydroxy -azobenzol  (Ref  2) 


and  p,p'- azophenol  or  4.4'-dihydroxy-azo- 

ro  a \ TU-  — j : _c  l ; _ 

\jww_a  _✓  /»  j.  uv  mviv  ucii  v o ui 

phenol  may  be  of  interest  as  expl  ingredients 
Qof**  1A  oi  *,  Fzal 

,1U/M|  'v,  / * w j 

& [37]  3)Beil  16,  110  (237)  & [43l 


IX  ck 

IV,  yj 


in  Beil  or  CA  through  1956 

S\OTiOTllifOCiZOp  h&FiOi,  C12rl$NjG4,  One  i somcr 

is  listed  in  Beil  16,  96  and  in  CA21,  1971 
F1927) 


Dinitroazopbenol,  C12H8N400,  the  3.3' -dinitro- 
4 .4 #'dihydroxy azuberiiene  isomer  is  de- 
scribed  in  Beil  16,  (239)  & [58]  and  in  CA 
34.  392  (1940).  The  4;6-din.'tro-3;4'- 
azodiphenol  is  listed  in  CA  15,  2844(1921) 


*r— . i.  L. 1 /"  T I XT  A ^ IT. 

i fi/iu/uMAiupwt:7iui,  nut  xounu  in 

Beil  bur  the  p,p' -azodiphenol  tetranitro  deriv 
is  listed  in  CA  34,  392(1940) 


Tetranitroazophenol  (called  3.5.3* 5'- 

A 1 j; 1 I 

X CllOllH.IW-'Xi’T  UlUAJ  in  vex 


H0(NO2)2-C6H2-N:N'C6H2(NO2)20H;  mw  394.22, 

N 21.32%:  crysts  (from  glacial  acetic  acid), 
mp  261-2°  with  decompn  (Ref  3).  This  compd 
was  first  prepd  by  Robertson  (Ref  2)  by 
nitration  of  a-p-azophenol  in  acetic  acid 
soln  with  a slight  excess  of  HNOs  in  the 
same  solvent.  After  re  cry  stn  from  hot  acetic 
acid,  yel  crysts  melting  sharply  at  230° 


cbtd.  L 


,,  r%\  .k, 

< f VI.  y/  I 111 


compd  by  slowly  adding  dinit ro-p- azophenol 
to  fuming  HNO»,  cooled  in  an  ice-salt  bath. 
On  purifying  the  crude  product  by  crystn 
from  glacial  acetic  acid,  crysts  melting  at 
261°  were  obtd.  The  expl  props  of  the  product 
were  not  examined 

Hart  & Detroit  (Ref  4)  measured  the 
dissocn  constant  of  3,5,3' ,5* -tetranitro-  4,4'- 

di  hydroxy  biphenyl  in  idc  th  anrjl  jn  dstr*  the 
effect  of  NOj  groups, ortho,  or  para  to  the  OH 
function, on  the  acidity  of  the  compd 

Jurisch  (Ref  5)  patented  the  use  of  4,4'- 
dihydroxy-3,3'-dinitrobiphenyl  or  other  o- 
nitrophenol-type  dimers,  trimers,  etc,  having 
recurring  benzene  nuclei  contg  OH  & N02 
groups  m ortho  position  to  each  other  for  re- 
ducing  Ca  carbonate,  Ca  phosphate  and  Mg 
phosphate  scales  in  steam  boilers 
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Refs : DBeil  16,  (239)  & [583  2)P.W. 

Robertson,  JCS  103,  1476  (1913)  & CA  7, 
3751(1913)  3)W.MXauer  et  al,  JACS  61 , 
2779(1939)  & CA  34,  391-2(1940)  4)H.Hart 
& W.J. Detroit,  JACS  74,  5214(1952)  & CA 
48,  13664(1954)  5)M.J.Jurisch,  DSP  2749305 
(1956)  & CA  50,  17269*70(1956) 

Pentanitroazopbenol,  CiaHs  N7Oia,  not  found 
in  Beil  or  in  CA  through  1956 

Hexanitroazophenol;  3,3'-Aiobi  $-(2,4,6- 

tri nitrophenol ; Azopicric  Acid  or  2,4,6,2  ,4  ,6  - 

Hexanitro-  3,3'-d»Kydroxyazobenzeiie, 

(02N)s(H0)-QH  •N:N'C6H(OH)(N01)„  mw 
484.22,  N 23X4%;  OB  to  COa~39.6%;  yel- 
redpowd,  mp  238-9°  (dec);  explodes  violently 
on  rapid  heating;  readily  sol  in  w,  ale,  eth 
or  acet;  .sol  in  benz  with  formation  of  addn 
compd;  insol  in  CSa  or  coned  HC1.  It  is  a 
strong  acid  which  can  be  prepd  by  nitrating 
m,m’- azophenol  with  KN03  and  coned  HaS04 
under  cooling  (Refs  1,2  & 3) 

Azopicric  acid  is  a more  powerful  expl 
than  PA;  explosion  proceeds  according  to  the 
equation  (Ref  3): 

[(OaN )s  C6H(OH)N  :]a  -*  12  CO  + 2HaO  + 8N 

Several  of  its  salts  are  described  in  the 
literature  but  their  expl  props  are  not  given 

Refs:  l)Beil  16,  [37]  2)K.Eibs  & F. 

Schliephake,  JPraktChem  104,  282(1922)  & 

CA  17,  738-9(1923)  3)K.Elbs  & O.H.Schaaf, 
JPraktChem  120,  35(1928)  & CA  22,  4508 
(1928) 

Azopiperidine  (called  N.N'-Azopiperidin; 
Dipiperidinodiimid  or  l.l;4.4-Bis-pentamethyIen* 
tetrazene-(2)  in  Ger)  (called  "Dipiperyl- 
terazone”  by  Knorr,  and  Angeli  & Angelico), 
C,Hl0*N*N:N*N*C,  H10;  mw  196.29,  N 28.55%, 
crysts  (from  dil  ale),  mp  45  (distills  without 
decompn);  readily  sol  in  ale,  eth,  benz  or 
ligroin;  insol  in  w.  Its  prepn  is  described  in 
Beil  and  in  Refs  2,3  & 4.  The  platinum 
chloride  salt , (C10HMlSl4)aB2PtCI6,  an  amorph 
powd,  decomposes  with  deton  at  70°  (Ref  2) 

Refs:  1)  Beil  20,  91  & (26)  2)L. Knorr,  Ann 

221,  299  & 311-3  (1893)  & JCS  46  I,  468 
(1884)  3)A. Angeli  & F.Angelico,  AttiAccad- 


LinceiMem  [53  10  I,  168(1901)  & JCS  80  I, 
322(1901);  Gazz  33,  II,  244(1903)  & JCS 
86  I,  172(1904)  4)A. Angeli  & V.Castellana, 
AttiAccadLinceiMem  [53  14  I,  272(1905)  & 

JCS  88  I,  491(1905) 

Azopropane;  Azobispropane;  Azoisopropane; 
Azodipropane  or  Dimethylazoethane  (called 
2. 2 '-Azoprop an  or Diisopropyldiim id  in  Ger), 
mw  114.19,  N 24.53%.  Two  isomers 
are  described  in  the  literature: 

1,1'- Azopropane,  H3CCHa  CHa  N:N*CHa  - 
CHa-CH,;  pale  yel  liq,  bp  104°  (Ref  8)  to 
113.5°  (Ref  10),  nD  at. 20°  1.4053  (Ref  10) 
to  1.4060  (Ref  8).  This  compd  was  prepd  by 
oxidn  of  1,2-di-n-propylbydrazine  by  mercuric 
oxide  in  w 

2,2'- Azopropane,  (H3C)2CH-N:N-CH(CHS)2; 
faintly  straw-colored  oil,  nauseatingly  sweet; 
bp  88.5°,  d4  at  23°  0.7408,  nD  at  20°  1.3899 
(Ref  3);  QP  1053.4  kca|/mol  (Ref  7), 

c 

Q • 40.9  keal/mol  (Refs  4 & 11); 

^activation 

insol  in  w,  dil  acid  or  alk,  neutral  to  litmus 
(Refs  1 & 2),  This  compd  is  a powerful 
poison,  especially  injurious  to  the  liver;  and 
moderate  red  cell  disintegration  occurrs  from 
azopropane  intoxication  (Ref  3) 

It  was  prepd  by  oxidn  of  1,2-diisopropyl- 
hydrazine-HCl  with  copper  or  mercurous  oxide 
in  water  (Refs  2,  8 & 10);  and  is  reduced  by 
H & colloidal  Pd  to  1,2-diisopropylhydrazine. 
The  thermal  decompn  of  azopropane  was 
studied  by  a number  of  investigators  (Refs 

4,5,6,9*11) 

The  expl  props  of  this  compd  were  not 
reported.  No  azido  or  nitro  derivatives  were 
found  in  the  literature 

Refs:  l)Beil  4,  [966  ] 2)H.L.Lochte  et  al, 

JACS  44,  2561(1922)  & CA  17,  267(1923) 
3)M.Bodansky,  JPharmacol  23,  127(1924); 
JBiolChem  58,  799(1924)  & CA  18,  1532  & 
1859  (1924)  4)H.C.Ramsperger,  PrNatlAcad- 
Scx  13,  849(1927);  JACS  50,  714(1928)  & 

CA  22,  713  & 1517(1928)  5)F.O.Rice  & 
B.L.Evering,  JACS  55,  3898(1933)  & CA  27, 
5057(1933)  6)H.Gershinowitz  & O.K.Rice, 
JChemPhys  2,  273(1934)  & CA  28,  4295 
(1934)  7)G.E. Coates  & L.E.Sutton,  JCS 

1948,  1187  & CA  43,  931(1949)  8)B.W. 
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Langley  et  al,  JCS  1952,  4196  & CA  48, 
4432-3(1954)  9)R.W.  Durham  & E.W.Steacie, 

CanJChera  31,  377(1953  & CA  47,  7328 
(1953)  10)R.Renaud  & L.C.Leitch,  CanJ- 
Chem  32,  545(1954)  & CA  49,  4502-3(1955) 
11)S.G. Cohen  & C.H.Wang,  J ACS  77,  2457 
(1955)  & CA  50,  3342-3(1956) 

Azopropyltriazole.  See  5,5'-Azobis  (3- 
propyl-  sym-triazole) 

2,2'  • Azopyridine  or  2,2' -Axobispyridine 

[called  In  Beil  Di-pyridyl-(2)-diiroi<i) 

(Q  H4N)*N:N*(Cs  H^N),  raw  184.20,  N 30.42%. 
Red  ndls  or  prisms.  No  expl  derivs  were 
reported  in  the  literature 
Ref:  Beil  22,  (496) 

AZOSTILBENE  AND  DERIVATIVES 
Azostilbene;  Azobis(stilbene);  Stilbene- 
ozostil bone  or  Distyryl-azobenzene,  C2BHMNa, 
although  not  described  in  the  literature, 
may  be  considered  as  the  parent  compd  of 
derivs  described  below 

Three  isomers  are  theoretically  possible 
and  it  is  proposed  to  name  and  to  number 
them  as  follows,  so  that  no  confusion  may 
arise  with  regard  to  the  position  of  sub- 
stituents: 


p-Azostilbene 


' " la’J-r-u.r-uV  yJ  is. 

s 11 


10  \J2^CH:CH^ 

ii 


o- Azostilbene 


a 14 


u a 

if 


m-Azostilbene 


Dinitroazostilbenes,  C2BH20N4O4,  mw  476.47, 
N 11.76%.  The  following  isomers  are  known: 


3,3'-Dinitro-p-azosti  Ibene  or  Azobis  (3-nitro- 
stilbene,  called  in  Ref  2:  3,3'-Dinitro-4#4'- 
di styry l-azobenzene,  C6Hg  *CH:CH-- 
QH,(N02)-N:N-CBHs(N02)-CH:CH-QHs ; 
carmine-red  crysts;  mp  260-1°.  Prepn  and 
props  are  given  in  Ref  2 

Refs:  l)Beil  — not  found  2)L.Chardonnens 

& P. Heinrich,  Helv  23,  1405(1940)  & CA  35, 
2121(1941) 

9, 9 '-Dinitro-p- azostilbene  or  Azob»s-(9- 
nitrosti Ibene,  called  in  Beil  Bis-[4'-nitro- 
stilbenyl-(4)l-diimid  or  [4'-Nitro-stilben]- 
<4azo4>-[4'-nitro-stilben3,  (OiNX^lVQLCH— 
C6H4-N:N-C6H4-CH:CH-C6H4(N02);  yel-red 
crystspmp  263°.  It  is  listed  in  Beil  16,  84 
without  reference  to  its  source;  was  not 
found  in  CA  through  1956 

5,5'-Dinitro*o-sttlbene,  called  in  Ref  2:  5,5'- 
Dinttro-2,2'-distyryi-ozobenzene,  C6Hj  *- 
C^CH-QHjfNOjJ-NiN-QHjfNO.KHrCH-- 
QHs  5 brick  red  crysts,  decmpg  ca  265°  with 
melting.  Prepn  and  props  are  given  in  Ref  2 
Refs:  l)Beil  — not  found  2)L.Chardonnens 

& P-Heinrich,  Helv  23,  1414(1940)  & CA  35, 
2122(1941) 

Note:  No  dinitro - deriv  of  m-azostilbene  was 
found  in  Beil  or  CA  through  1956.  No  Azido - 
C2eH21Ns  , diazido - C^H^Ng,  trinitro- 
CmH19Ns06,  or  tetranitro-  QgHjgNfiOg  deriv- 
atives of  o-,  m-  and  p-azostilbenes  were 
found  in  Beil  or  CA  through  1956 

Azotetrazole,  CjHjNiq,  mw  166.12,  N 84.33%: 
5,5’ -Azotetrazole  (called  Di[tetrazolyl-(5))- 
diimid  in  Ger); 

N — NH  ^.HN — N 

|l  J^C— N:N— C<T  ||  . According  to 

N — N^  ^^N  — N 

Beil  (Ref  1)  this  compd  was  not  prepd  in  the 
free  state  but  its  prepn  by  Rarhsburg  (Ref  4) 
by  oxidg  aminotetrazole  in  ale  solns  with 
permanganate  or  persulfates  is  described  in 
CA  17,  1147(1923).  A diazotetr azole  was 
prepd  by  diazotizing  aminotetrazole 
The  British  abstract  of  the  patent  of 
Rathsburg  (Ref  4)  shows  an  azotetrazole  with 
the  structure: 
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N — NHV 

ii 

N — N ' 


Xt-Tkl 


,N=N 


\ur= 


■HC=N 


tetrazolyl‘5,-azo-l‘tetrazolyl:  but  its  method 
of  prepn  is  not  given 

Salts  of  azotetrazole  were  prepd  in  1898 
by  Thiele  (Ref  2)  and  claimed  for  use  in 
initiators,  detonators  and  percussion  caps  by 
Rathsburg  (Ref  4)  and  von  Herz  (Kef  3).  The 
Ba,  Ca,  K Na  and  NH«  salts  of  azotetrazole 
) :i > u..  tl:„i „ ro  n\  ~.i .. i 

tu t uy  x iiittt  \xvci  -t/  wnu  uvitu 


that  all  of  these  were  expl,  especially  those 
of  the  heavy  metals,  Ag.  Hg  & Pb.  According 
to  Rathsburg  (Ref  4)  the  more  important  salts 
of  azotetrazole  are  those  of  Cd  and  Pb.  Im- 
pact sensitivity  tests  showed  that  the  Pb 
salt  fired  once  in  six  shots  at  7 cm  with  a 


100  g wt  vs  12  cm  for  tech  grade  MR  (Kef  5} 
Blasting  detonators  proposed  by  Rathsburg 

/D  ~C  A \ J „ _ _1 L DL 1 _ 

\r\ci  -X / wuiu  a i<up  utugc  v/t  a u 

over  Pb,or  Cd  tetrazolyl  azide  over  TeNMA 
Derivs  of  azotetrazole  are  described  in 
Ref  6 


Refs:  l)Beil  26,  593  & [349]  2) J. Thiele. 

Ann  303  , 57-60(1898)  3)E.  von  Herz,  GerP 
37054(1920)  & ChemZtr  1923  IV,  174  4) 
H.Rathsburg,  BritP  185,555(1921);  JSCI  41, 
880A  (1922);  ChemZtr  1923  n,  370  & CA  17, 
1147(1925)  5 )H. Rathsburg,  ZAnorgChem 
41,  1284(1928)  6)L.F.  Audriech  & J.W. 

r„  t T—  i wm  ~ c Tii  *_ 

V.  UI1A  tl , U1UV  VI  Hi  Htuy  attv^-Q  vi  J 

Arainotetrazole,*'  pp  22-3  (1954) 


AZOTOLUENE  AND  DERIVATIVES 


azotoluene  or  dibenzyidiimid,  CgHj  ♦CH2— 
N:N*CH2*C6H8  (Ref  6).  The  azido  or  nitro- 
derivs  of  azotoluene  may  be  of  interest  as 
exp!  ingredients 


Refs:  l)Beil  16,  61,  (227)  & [193  2)Beil 

IX  3\d^:i  IX  K/L  o*  Toil 

IV)  V*  Of.  L4VJ  J/Vtll  »v,  W|  S / IX 


i)Beil  16,  63  & [20]  5)Beil  16,  66 


Azidoazotoluene,  C14HuNg;  mw  251.28,  N 27.28%. 


4-Az«do-2,3*-dimethyl<ixobenzene;  dk-red 
prisms  or  smaii  orn-red  crysts  (from  ale), 
mp  65°;  other  props  and  prepn  are  given  in 

t»  1 
i\cl  x * 

4,-Azido-2,3,*Dime*hylazobenzene;  yel  lfts 
(from  ale),  mp  58-60°  or  red-brn  ndls  (from 
ale),  mp  67°;  other  props  and  prepn  are  given 

t> 

111  A\C1  X 

6-Axido-3,4,-dimethylaxobenzene;  yel-red 
crysts  (from  aic),  mp  85°;  other  props  and 
prepn  are  given  in  Ref  3 
Refs:  i)Beii  16,  63  2)Beii  16,  65  3)Beii 

16,  66 

Nitroderivaties  of  Azotoluene 


Mononitroazotoluene,  C14H,;Nj02;  mw  255.27, 
N 16.46%.  Four  isomers  are  described  in  the 
literature: 

x-Nitro-2f2,-diniethylazobenzene;  ndls  (from 
ale),  mp  87°;  prepd  by  treating  o.o'- 
azotoluene  with  nitric  acid  (Ref  1) 


AxMftj iigna*  AvAiiiA^h^jbsnzs!^  of  Dimethyl- 
azobenzene  (called  Ditolyldiimid;  Dimethyl- 
azobenzol  or  Azototoluol  in  Ger),  HjO“ 
C6IVN:N-C6H4CH»;  mw  210.27,  N 13.32%. 
Seven  isomers  are  described  in  the  literature 
o, o'- azotoluene  or  2,2'-dimethylazobenzene 
(Ref  1);  m,m' -azotoluene  or  3,3'-dimethyl- 

__.t  /n  _ r n\.  _ ^ ^ T i 1% 

axoocnzenc  5,xvci  p}p  -azuiuiuciic  ur  - 
dimethyl- azobenzene  (Ref  3)  o,ra'-azotoluene 
or  2_3 '-dimethyl-azobenzene  (Ref  4);  o,p'- 
azotoluene  (?)  or  2, 4*-dimethyl- azobenzene 
(?)  (Ref  5);  m,p'-azotoluene  or  3,4'- 
dimethyl- azobenzene  (Ref  5)  and  - 


glacial  acetic  acid),  mp  192-5ft,  prepd  by 
treating  m.m'-azotoluene  with  a mixt  of  cold 
nitric  & sulfuric  acids  (Ref  2) 


X_  KJ  i4pa_0  A*- At  #1  VAkxflV  Anx*  •**»  A ni  I 

W-IUMW  -IT  ■ — # ' 1 

bp  ca  215°  at  11  mm  press;  prepd  from  2- 
nitroso-3-nitrotoluene  and  aniline  in  glacial 
acetic  acid  (Ref  3) 


2-Nitro-4f 4' -dimethyl ozo benzenes  orn-red 
triclinic  crysts  (from  ale),  mp  8001,  prepd  by 
treating  p,p' -azotoluene  with  5 parts  nitric 
acid  at  a temp  not  exceeding  30°  (Ref  4) 
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Refs:  l)Beil  16,  63  2)Beil  16,  65  ' Beil 

16,  (228)  4)BeU  16,  71 

Dinitroazotoluene,  Cl4H13N404;  mw  300.2  -’. 

N 18.66%.  Five  isomers  are  described  in  ti,*e 
literature: 

3, 3' -Dinitro-2, 2' -dimethyl  azobenzene;  brn 

crysts  (from  glacial  acetic  acid),  mp  198°; 
prepd  by  diazotizing  6-nitro- 2- ami  notoluene 
in  dil  HC1  and  treating  the  diazonium  chloride 
soln  with  a cuprous  chloride  soln  in  HC1 
(Ref  1) 

4, 4 '-Dinitro- 2,2 '-dimethyl azobenzene;  red- 
bm  Ifts  (from  toluene),  mp  258°;  readily  sol 
in  boiling  glacial  acetic  acid  or  nitrobenzene 
and  in  benz,  diffc  sol  in  ale;  prepd  by  treat- 
ing 5_ nitro-l-m ethylbenzene- 2- diazonium  sul- 
fate with  a cuprous  chloride  soln  in  HC1 
(Ref  1) 

5, 5'-Dinitro-2, 2* -dimethyl azobenzene;  red 

ndls  (from  toluene  or  nitrobenzene),  mp 
273°;  si  sol  (giving  an  om  color)  in  boiling 
ale,  benz  or  toluene;  prepd  by  treating  the  4- 
nitrotoluene  diazonium  salt  with  cuprous 
chloride  in  coned  HC1  soln  (Ref  1) 

x,x-Dinitro-3f3'-Dimethylazobenzene;  red  ndls 
(from  glacial  acetic  acid),  mp  192-3a,  prepd 
by  treating  m,m'-azotoluene  with  4 parts 
nitric  acid  at  a temp  not  exceeding  30°  (Ref 
2) 

2,2'.Dinitro-4,4'-Dimethylazobenzene;  prisms 
(from  glacial  acetic  acid),  mp  114°i  readily 
sol  chlf  or  eth;  obtd  by  dissolving  p,p'- 
azotoluene  in  3 parts  cold  nitric  acid  (Ref  3) 

3,3 '-D  ini  tro-4,4'-di  methyl  azobenzene;  red 

lfts  (from  benz),  mp  149°;  sol  in  boiling  benz; 
prepd  by  treating  2-nitro-4-aminotoluene  with 
a soln  of  the  Na  salt  of  chlorous  acid  (Ref  3) 
Refs:  l)Beil  16,  63  2)Beil  16,  65  3)BeU 

16,  71 

Trinitroazotoluene;  C14HltNs  06;  mw  345.27, 

N 20.29%.  Two  isomers  are  found  in  the 
literature: 

x,x,x-Trimtro-4,4'-Dimethylozobenzene; 


a and  /3-trinitro  derivs  (a),  mp  189°  and  ()3), 
mp  138°  were  reported  by  Janovsky  (Ref  2) 
on  nitrating  p,p' -azotoluene  with  nitric  acid. 
On  further  treatment  with  HNO,  both  a and 
/3-trinitro  compds  gave  the  same  tetranitro 
compd,  mp  198-200° 

Refs:  l)Beil  16,  71  2)J.V. Janovsky, 

Monatsh  9,  836(1888)  & JCS  56  I,  250-1 
(1889);  Monatsh  10,  591  & 593  (1889)  & JCS 
58  I,  140  (1889) 

Tetranitroazotoluene;  C,4H19N6Og;  mw  390.27, 
N 21.54%.  Three  isomers  are  described  in 
the  literature: 

x,x,x,x-Tetranttro-4#4'-Dimethylazobenzene; 

by  further  treatment  of  either  a or  /3-trinitro- 
azotoluene  with  nitric  acid,  Janovsky  (Ref 
2)  reported  a tetranitroazotoluene  melting 
at  198-200° 

Refs:  l)Beil  16,  71  2)J.V. Janovsky, 

Monatsh  9,  839  (1888)  & JCS  56  I,  251(1889) 

3,5f3',5'-Tetranitro-4,4,-dimethylazobenzene; 

prn  colored  ndls  (from  glacial  acetic  acid), 
mp  248-50°;  prepd  by  treating  2,6-dinitro-4- 
hydroxylaminotoluene  with  PCI,  in  ether 

Ref:  Beil  16,  (229) 

4,6,4,,6,-Tetranitro-2,2'-dimethylazobenzene; 

yel-red  ndls  (from  glacial  acetic  acid),  mp 
218°;  readily  sol  in  acet,  benz  or  boiling 
glacial  acetic  acid;  diffc  sol  in  ale  or  eth; 
prepd  by  treating  the  Na  salt  of  4,6-dinitro- 
2-methyl-phenyl-aci-nitramine,  in  the  smallest 
possible  amt  of  methyl  alcohol,  with  an  ex- 
cess of  bleaching  powdr  soln 
Ref:  Beil  16,  63 

Pentanitroazotoluene;  Cl4H<,N7010;  mw  435.27, 
N 22.53%  and  Hexanitroozotoluene: 

mw  480.27,  N 23.33%  were  not 
found  in  Beil  or  CA  through  1956 

3, 3 A zo-(  1 ,2,4-triazole), 

HC~ - N N^-CH 

II  II  , mw  164.14,  N 68.28%; 
HN-N:C-N:N-C:N-NH 

It  yel  powdr;  si  sol  in  alkali  soln,  and  is 
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pptd  again  on  acidifying  this  soln.  It  was 
prrpt]  by  the  oxidn  of  3-amino-l,2,4-triazole 
or  5- amino- 1, 2, 4-triazole-3- carboxylic  acid 
with  permanganate  in  caustic  soda  soln.  A 
red  Ag  salt  is  Quid  by  reaction  of  azotfiazole 
with  an  ammoniacal  silver  soln 


TD  „ /„.  1 \rj  _ M O/  1 

Manchot,  Ann  303,  48(1898) 
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AZOXYLENE  AND  DERIVATIVES 

Azoxylene;  Azodimethyi benzene  or  Tefra- 
methylazobenzene  (called  Bis-[dimethyl- 
phenyli-diimid;  Tetmmetliylazobenzo]  or 
Azoxylol  in  Ger),  (H,C)a-C6H3-N:N-C6H3- 
(CHj)j,  raw  238.32,  N 11.76%.  Five  isomers 
are  listed  in  the  literature:  4,4'-azo-o-xylene 
or  3,4,3\4,-Tetramethyl-azobenzene  (Ref  1); 
4,4!-azo-m-xylene  or  2,4,2!4!-tetramethyI- 
azobenzene  (Ref  2);  4,5,azo-m-xyIene  or 

1 A i i /D.f  n \. 

y ^v.i&aiu^iii^i-az.uuviujvuc  j> / 1 

5,5'-azo-m-xylene  or  3,5,3,,5'-tetramethyI- 
azobenzene  (Ref  3)  and  2. 2'-azo-p- xylene  or 
2,5,2l,5,-tetramethyI-azobenzene  (Ref  4).  The 
azido  or  nitro-derivs  of  azoxylene  may  be  of 
interest  as  expl  ingredients 

Refs:  1)B eil  16,  72  & [23]  2)Beil  16,  73 

& [23]  3)BeiI  16  , 74  4)BeiI  16,  75  & [24] 


2'-Azido-2,4,3',5<-tetramethy)azobdnzene, 

(H.C)|C,H#.(N#)-N:N.(N,)-Cyi1.(CH.)b; 

raw  279.34,  N 25-07%;  red  ndls  (from  ligroin); 
mp  77°,  explodes  mildly  on  rapid  heating  or 
on  contact  with  conca  sulfuric  acid, 
decompg  into  N2  and  2-[2,4-dimethyl-phenyl]- 
4,6-d  im ethy I- ben ztri azole;  readily  sol  in  eth, 
more  diffc  sol  in  cold  ale.  It  was  prepd  by 
the  action  of  alcoholic  NHS  on  the  dry  diazo- 
perbromide,  CieHi7N4Br3,  obtd  as  described 
in  Ref  2,  in  the  presence  of  excess  ether 
Refs:  l)Beil  16,  74  2)T.Zincke  & H. 

Jaenke,  Ber  21,  542(1888)  & JCS  54  I,  469- 
70(1888) 

Dtazidoazoxylene,  C14Hi6N,  — not  found  in 
Beil  or  CA  through  1956 


Nitroderivatives  of  Azoxylene 

Mononilroazoxylene,  C14H, 7N303; 
Dinitroazoxylene,  C,4Hl4N404;  Trinilroazo - 
xylene , C14H,sNjOs;  Tetranitroazoxylene, 
C,6H14In608;  ana  higher  nitroaerivs  of  azo- 
xylene  were  not  found  in  Beil  or  CA  through 
1956 


Azoies  are  heterocyclic  compds  characterized 
by  a five  membered  ring  contg  nitrogen.  They 
inciudv  dis^ol^ s trlszol^s  rctrszol^ s t 
as  well  as  compds  contg  other  atoms  such 
as  0 and  S in  the  ring:  oxazoles,  dioxazoles, 
thiazoles,  thiadiazoles  etc.  Some  azoles  or 
their  derivs  are  expl,  for  example  the  tri- 
azoles and  the  tetrazoles 


Refs:  1)K. A. Jensen  & A.Friediger,  Kgl 

DanskeVidenskabSelskab,  Math-FysMedd 
20,  No  20,  1-54(1943);  ChemZtr  1944  1,  416-7 


/"*  A OO  -PA/O  *7A/1nfC\  A li. 
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Chemistry  of  Heterocyclic  Compounds," 
McGraw-Hill,  NY(1946),  362-475  3)Kirk  & 
Othmer  2 (1948),  269 


Azon  Guided  Missile  is  one  of  the  American 

1 t 11'  tt/w;  f T _ J _ _ . 

weapons  acveiupea  uuxnig  ww  xi  ana  eon- 
sisted  of  a 1000-lb  demolition  bomb  with  a 
''radio  brain"  attached.  This  enabled  the 
bombadier  to  sight  the  target  in  the  Norden 
bombsight  and  allow  the  bomb  to  drop.  Once 
the  bomb  was  dropped,  the  bombadier  guided 
its  flight  in  azimuth  (right  or  left  of  target) 
by  remote  control.  A i, 000, 000  candiepower 
flare  on  the  tail  of  the  Azon  was  automatically 

‘ !*nJ  j a La  m k ] a fk  a r\l  Ono  mk  i/-  k 

J^11UV,U  auti  UIW  L/iymur  A\.1L  liiv  |/4M1IW  « 111VI4 

permitted  the  bombadier  to  follow  the  Azon 
with  his  eve.  More  accurate  guided  missiles 
were  developed  in  the  USA  after  WW  II  (S  ee 
also  Razon) 


Refs:  l)Anon,  ArOrdn  30,  160(1946)  2)G. 

Merrill,  Edit,  "Dictionary  of  Guided  Missiles 
and  Space  Flight, ” VanNostrand,  NY(1959), 
73 


Azof  (Rus).  Nitrogen 
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Azotate  (oo  Nitrate)  (Fr).  Nitrate 

Azotate  (ou  Nitrate)  d’ammoniaque  (Fr). 
Ammonium  Nitrate 

Azotate  (ou  Nitrate)  de  plomb  (Fr).  Lead 
Nitrate 

Azotate  (ou  Nitrate)  de  potasse  (Fr).  Potas- 
sium Nitrate 

Azotate  (ou  Nitrate)  de  soude  (Fr).  Sodium 
Nitrate 

Azote  (Fr).  Nitrogen 

Azote  Powder  Company  of  Indianapolis,  Ind 
patented  in  1898  a method  of  nitrating  starch 
(previously  dried  at  100-140°  and  then 
cooled)  using  1 liter  of  mixed  nitric. sulfuric 
acid  (1:2)  per  200  g of  starch.  Nitration  was 
done  in  a hermetically  closed  vessel  at  a 
temp  below  4° 

Re/;  Daniel  (1902),  48 

Azothy drate*  (Fr).  Azides 

Azothydrique  (Acide)  (Fr).  Hydrazoic  Acid 

Azotidrato  (o  Azotidruro)  d’argento;  Acido 
d’argento  (Ital).  Silver  Azide 

Azotidrato  (o  Azotidruro)  di  piombo;  Acido 
di  piombo  (Ital).  Lead  Azide 

Azotidrato  (o  Azotidruro)  di  sodio;  Acido  di 
sodio  (Ital).  Sodium  Azide 

Azotine.  A blasting  expl  patented  by  A.Dercsey 
contd  NaNOj,  sulfur,  charcoal  and  petroleum 
residues 

Ref:  Daniel  (1902),  48 

Azotique  (Acide)  (Fr).  Nitric  Acid 

Azotometer.  An  apparatus  for  detg  gasomet- 
rically  the  nitrogen  content  of  compds  in 
soln.  See  also  Nitrometer,  described  under 
Ammonium  Nitrate,  Analytical  Procedures, 

P A373 

Azotures  (Fr).  Azides 
Azoxime.  Same  as  1,2,4-Oxdia zole 
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AZOXYCOMPOUNDS 

Azoxy  compds  are  a small  class  of  stable 
sub st s which  contain  the  characteristic 
azoxy  group,  represented  by  R— IvI=N— R' . 

I 

0 

The  azoxy  group  is  not  symmetrical  and  the 
oxygen  atom  is  attached  to  only  one  nitrogen 
atom,  but  not  to  both.  The  link  uniting 
nitrogen  to  oxygen  is  a co-ordinate  (semi- 
polar)  link  as  indicated.  In  the  majority  of 
azoxy  compds  known,  the  two  groups  R and 
R'  attached  to  nitrogen  are  aromatic  radicals. 

The  most  common  method  of  preparing 
azoxy  compds  is  by  the  reduction'of  nitro 
compds: 

R-N02  + R-N02^R-N0  + H0NH-R— *-R-NO:N-R  + H2C 

A variety  of  reducing  agents  have  been  used 
but  the  usual  ones  are  sodium  methoxide  in 
MeOH  or  sodium  arsenite.  The  azoxy  compd 
results  from  the  condensation  of  the  nitroso 
and  the  hydroxylamine  compds  produced 
during  the  reduction.  The  nitroso  and  hy- 
droxyi  amine  compds  can  be  prepd  separately 
and  condensed  together  to  give  the  azoxy 
compd.  Even  tH$  nitroso  End  the  hydro xy* 

lamine  compds  contain  different  substituted 
groups,  with  only  one  or  two  exceptions  sym 
azoxy  compds  (R  = R')  are  formed,  and  not 
the  unsym  azoxy  compd,  as  expected.  Another 
method  for  prepg  azoxy  compds  is  by  the 
oxidn  of  azo  compds: 

Ar-N:N«Ar ► Ar*NO:N-Ar 

The  best  oxidg  agent  for  this  purpose  is  30% 
hydrogen  peroxide  dissolved  in  glacial 
acetic  acid. 

Nearly  aii  aromatic  azoxy  compds 
crystallize  well;  they  are  completely  stable 
towards  strong  HCI  but  if  warmed  with  coned 
H2S04  they  undergo  rearrangement.  The  true 
structure  of  azoxy  compds  was  revealed  by 
A.  Angeli’s  discovery  of  isomerism  in  azoxy 
compds: 


..  /^\..  ../  S. 

xWN:iW 

o 

a-p-(x)azoxybenzene 


r\*. 

WiN:jJWA 

o 

/3-p-(x)azoxy  benzene 


In  nomenclature,  the  prefixes  a and  /3  are 
used  to  distinguish  between  the  two  struc- 
tures; a indicates  that  the  substituent  is 
attached  to  the  benzene  ring  which  is  linked 
to  tri valent  nitrogen 

Refs:  I)P.Lemoult,  AnnChimPhys  [S]  14, 

184-90(1908)  & CA  2 , 3 295(1908)  2)D. 

Bigiavi,  AttiAccadLinceiMem  [6]  5,  444-50 
(1927) '&  CA  2! , 2123(1927)  3)H.E.Bigelow, 
ChemRevs  9,  117-67(1931)  & CA  25,  4861 
(1931)  4)Sidgwick,  OrgChem  of  N (1937), 
426-30  5)H.E. Bigelow  & K.F.Keirstead, 

CanjRes  24B,  232-7(1946)  (Parachor  of 
certain  azoxy  and  related  azo  compds)  & 

CA  41,  406-7(1947)  6)V.O. Lukashevich  & 

T XT  C~L~t~.ro  n~LIAUo^M  <»j1 

X ■ Xtii  UiOt  **  J w _/  ✓ 

(Action  of  chlorosulfonic  acid  on  azoxy 
compds)  & CA  41,  5472(1947)  7)Kirk  & 

Othmer  2(1948),  270-1  8)V.O.LukashevicK 
& T.N.Kurdy umova,  ZhObshchKhim  18,  1963- 
76(1948)  (Rearrangement  of  azoxy  compds) 

& CA  43  , 3800-1(1949)  9)R.GaUdry  & K.F. 

v i 0/0\ 

A.un&Lcau,  vaujivt^ 

(Identification  of  azoxy  compds)  & CA  45, 
571(1951)  10)H. W.Galbraith  et  al,  ]ACS  73, 

1323-4(1951)  (Alkaline  reduction  of  aromatic 
nitro  compds  with  glucose  to  azoxy  compds) 

& CA  45,  8992-3(1951)  ll)E.MaCovski  & 
A.Petrescu,  AcadRepPopulareRom&ne,  Bui 

r.i  1 /t  t _ t d i d : ~\  Al  A o^_ 

OUJ 1IL  \U  U1  JJUUilllCaL,  IXUlllOlIld/  «■  , 

500(1949)  (Formation  of  azoxy  derivs  from 
nitro  compds  under  influence  of  aromatic 
ketones ) & CA  46,  921(1952)  12)N. Campbell 

et  al,  MikrChem  38  , 376-80  (1951)  (Poly- 
morphism and  liq  cryst  formation  of  some  azo 
and  azoxy  compds)  & CA  46,  2867(1952)  13) 

d in  i i - 1 ife  lOO  A 1 m o 

w.  cl  til , j w » / “tiyi-g  \ricpu 

of  primary  aliphatic  azoxy  compds)  & CA 
48.  4432-3(1954)  14)S. Kobavaski  & Y.Aoyama, 

JapanP  4 3 2 8(1953)  (Electrolytic  prepn  of 
aromatic  azoxy,  azo  and  hydrazo  compds)  & 
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CA_  48,  0241-2(1954)  15)G..M. Badger  et  a! 

JCS  1953,  2143-7,  2147-50  & 2151-5  (Oxi<to 
of  aromatic  azo  compds)  and  2156-8.  (Ab- 
sorption spectra  of  azo  and  azoxy  compds) 

& CA  48  , 9944-5(1954)  16)G.Costa,  Gazz 
83,  875-83(1953)  (Eiectrochemicai  reduction 
of  azo  and  azoxy  compds)  & CA  48,  10456 

n0^4\  1 7\<5  e-k;  *,  V 1 „rvD 

V - ^ ^ j v.|.» 

4329(1953)  (Prepn  of  aromatic  nitroso,  azoxy, 
azo  and  hydrazo  compds)  & CA  49,  4712 
(1955)  18)G.M. Badger  & R.G.Buttery,  JCS 

1954,  2243- 5( Action  of  light  on  azoxy  compds) 
& CA  49  , 95  3 5-6(19  5 5)  19)P.H.Gore,  Chem 
& Ind  1954,  1355  (Thiourea  as  a reducing 


agent  for  aromatic  nitro,  azoxy,  azo  and 

hydrazo  compds)  & CA  49,  13106  (1955)  20) 
S.lozk  i ewicz  and  IhKuczynski,  Zeszyty- 


NaukPolitechWroclaw  (Poland)  No  4,  Chem 
No  1,  5-14  (1954)  (Reduction  of  aromatic 
nitro  compds  by  H2S  in  pyridine)  & CA  50, 
214-5(1956)  21)S.Carboni  & G.Berti,  Gazz 
84,  6«3-9i(i954)  (Transformation  of  mtra- 


mines  into  azoxy  compds)  & CA  50,  991-2 

/'iris<o  ootn  f~ . ~ f' QQ 

(UV  spectra  of  azo  and  azoxy  compds)  6t 

CA  49,  144830955)  23)W.Kast,  AngChem 
67  , 59  2-601(1 955)  (Mol ecul  ar  structure  of 
azo  and  azoxy  compds)  & CA  50,  1398(1956) 
24)J.F. Brown,  Jr,  JACS  77,  6341-51(1955) 
(Identification  of  azoxy  compds  and  others 

1 _ .1_  . » m \ <>  .^  a CA  non  1/  t rvr  / \ 

□y  cxicir  ir\  spectra;  « \^n  -rv,  ££y/\iyj u; 


AZOXYANILINE  AND  DERIVATIVES 


Azoxydianiline  or  Diaminoazoxybenzene 

(called  Azoxyanilin  or  Diaminoazoxybenzol 
in  Ger),  H2N*C6II4-(N20)-C6H4‘NH2;  mw  228.25, 
N 24.55%.  Three  isomers  are  described  in 
the  literature:  0,0'  - azoxyaniline  or  2,2 ' - 
di  amino  azoxy  benzene  (Ref  1 )*  tti,  rid  -azoxy- 
aniline  or  3,3*  -diaminoazoxybenzene  (Ref  2); 
and  p,p%  -azoxyaniline  or  4,4* -diaminoazoxy- 
benzene  (Ref  3).  Some  of  its  nitro  derivs 
may  be  of  interest  as  expl  ingredients 
Refs:  l)Beil  16,  652  & (392)  2)Beil  16, 

653,  (392)  & [3381  3)Beil  16,  654 

Azida,  CnHuNjO,  and  Diazido,  C,2Hl0N,0O, 


Derivatives  were  not  found  in  Beil  or  in  CA 
through  1956 


InufioriiifOaZuXyariilinK,  C^iluNg  Oj,  Wdb  nut 

found  in  Beil  or  in  CA  through  1956 


4,4*  -Diomino-3,3*  • di  n i troaz  ox  y benzene, 

H.N-CeHjfNOjldNjO-C^^NOjl-NH,; 


(from  phenol  + ale),  mp  328-30{decompn). 
This  compd  was  prepd  by  refluxing  with 
acetic  acid  and  coned  HC1  4,4’ -bis  (acet- 
amido)-  3,3'  -dinitroazoxybenzene,  previously 
obtd  by  oxidn  of  4-amino-2-nitroacetanilide 
in  dioxane  with  Caro's  acid  soln.  No  other 


props  of  the  diniiroazoxyauiiine  were  given 


Ref:  l)Deil  — not  found  2)C.M. Atkinson 

et  ai,  JCS  1954,  2026-7  & CA  49,  5486-7 


(1955) 


Trinitro,  C,,H,NT(.)7,  Tetranitro,  C,2H6N,09, 
or  higher  nitro  derivs  of  azoxyaniline  were 
not  found  in  Beil  or  in  CA  through  1 956 


AZOXY  AN!  SOLE  AND  DERIVATIVES 


Azoxyanisole  or  Azoxydionisole  (called 
Azoxyanisol  or  Dimcthoxy-azoxybenzol  in 
Ger),  Cl  I,  -0  *C4H4(N  20)-C6  H4  ■ 0 ■ CH, ; 
raw  258.27,  N 10.85%.  Three  isomers  are 
described  in  the  literature:  o, o' -Azoxy- 

/■/t) » m / « fPnf  IV  m m*  + /\  rriv^mntcn/u  ( Ti  9^ 

\ ^ ■ - /)  ' --V/Ty  \ 

and  p,p'  -Azoxyanisole  (Ref  3).  The  nitro 
derivs  of  Azoxyanisole  may  be  of  interest  as 
expl  ingredients 

Refs:  l)BeiI  16,  635  2)Beil  16,  636& 

[325!  3)Beil  16,  637,(383)  & f 3261 


a r 11  m n 




. n . ( n 


Derivs  of  azoxyanisole  were  not  found  in 
Beil  or  in  CA  through  1956 


Nitroderivatives  of  Azoxyanisole 

Mononitroazoxyanisole,  Ci4H13NjOj  , Derivs 
were  not  found  in  Beil  or  in  CA  through  1956 

Dinitroazoxyani  sole,  H1CO*C6H1(N02)* 
(N10)-C6Hj(N0i)-0CHj;  mw  348.27,  N 16.09%. 

Two  isomers  are  described  in  the  literature: 
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c c*  t n ni  j: «*  L ^ 1 

j -is  inn  tu- *,  t *- 

Ifts  (from  ben  2),  mp  209°;  was  prepd  by 
electrolytic  reduction  of  2,4-dinitroanisole 
in  an  alkaline  soln  with  a Hg  cathode  or  in 
a nearly  neutral  soln  with  a Cu  or  Ag  cathode 

Refs:  l)Beil  16,  (382)  2)K. Brand  & T. 

Eisenmenger,  JPraktChem  87,  495  & 506 
(1913)  & CA  8,  2154(191 4) 


5,5'  • Dinitro-3,3 ' -dimethoxyazoxybenzene , 
mp  between  170  & 200°;  was  formed  in  small 
quantity  by  the  reduction  of  3,5-dinitroani  sole 
with  NajSj  in  ale,  in  addn  to  a larger  quantity 
of  5*nitro-3*aminoanisole 

n f 1 \n  . M 1 £.  n \ 1 t D l _ l » 

ne/s;  ijdcil  iv,  u^u  j. j . ui^jK^iiiti, 

Rec  28,  111(1909)  & CA  3,  1746(1909) 


Trinitro,  C^HuNjO,,  Tetranitro,  C14HI0N6O11 
and  higher  nitro  derivs  of  azoxyanisole  were 

/ 1 • n ri  r A J U inc/C 

not  rouna  in  oen  oi  m unuugn 

AZOXYBENZALDEHYDE  AND  DERIVATIVES 

A TAYuK^httilrl^fiv^A!  Azoxvbi&Lenzal dehvde 

— * - - * — # * - 

or  Azoxydibenzaldehyde,  OHC*C6H4«(NaO)— 
C*H4-CH0,  mw  254.24,  N 11.02%.  Its  three 
isomers:  o,o'-,  m,m'-  and  p,p’-  are  de- 
scribed in  Beil  16,  640,64 1,  (387)  & [334]. 

Of  these  the  para-  is  of  interest  because  it 
flashes  easily  and  because  its  nitrocompd 
is  known; 

p,p' -Azoxybenzaldehyde,  yel  ndis  (from  benz, 
ale  or  dil  AcOH),  mp  194°  (Ref  2),  190°  (Ref 
3);  decomp  or  flashes  up  at  higher  temp  with 

t-  £1 1 t A ^AU.  „ I ^^1 

CVUHi  Ul  svi  iu  k^i  o*  wi 

in  ale  ligroin  and  hot  w.  Can  be  prepd  by 
reducing  p-nitrobenzaldehyde  or  by  other 
methods 

Refs:  l)Beil  16,  641  & [334]  2)A.Kirpal, 

Ber  30,  1598(1897)  3)Alway,  AmChemJ  28, 
40(1902)  & JCS  82  I,  697  (1902)  4)E. 
Bamberger  & F. Eiger,  Ann  475,  307(1929) 

x-Nitro-p^p'  -azoxybenzaldehyde.  OHC'C£H4*. 

(N20)-c1h3(N02)-CH0,  mw  299.24,  N 14.04%. 
Yel  ndls  (from  AcOH),  mp  171-2°;  sol  in  hot 
AcOH;  si  sol  in  ale  & ether;  insol  in  w.  Was 
obtained  on  heating  p,p-azoxybenzaldehyde 
with  filming  nitric  acid 
Refs:  l)Beil  16,  643  2)F.J.A!way,  Am- 


r~ i t IQ  ai/  mm1* 

v-u emj  A/wi/ 


ire  QO  t Ka~r/  i 

j w Wfc  KSS  f \ x y\J  ^ ) 


A70XYBENZENE  AND  DERIVATIVES 


Azoxybenzene,  QH5  •(NaO)*C6H5  ; mw  198,22, 
N 14.13%.  Exists  in  two  modifications: 
ordinary,  mp  36°;  and  isoazoxybenzene;  mp 


A40  Ro^ii  a, 

" * • "**'•“**' *6  “ " / 


is  sensitized  by  the  addn  of  1-6%  azoxy- 
benzene. Some  of  its  azido  derivs  and  high 
nitro  compds  may  be  of  interest  as  expl  in- 
gredients 


Refs:  l)Beil  16,  621-4,  (376)  & [313-4] 

2)W.O.Snelling  & J.A.Wyler,  USP  1827675 
(1932)  & CA  26,  601(1932) 


Azidocizoxybenzene,  CuH^NjO,  not  found 
in  Beil  or  in  CA  through  1956 


3,3'  -Diaziddazoxybenzene,  N3 ■C6H4*(N20)«- 
CeH«*N3;  mw  280.25,  N 39.99%;  ocher  col 

f-rvctc  ( from  ftptr  pthV  mn  fiS-6°  1 r\A  & q 

\ 1 — “T  - 1 r 

when  heated  in  a tube  above  its  mp.  It  was 
prepd  by  diazotizing  3,3'  -diamino-azoxy- 
benzene,  pptg  the  perbromide  of  the  tetrazo 
deriv,  and  treating  the  latter  with  NH3 

Refs:  l)Beil  16,  629  2)R.Meldola  & E.R. 

Andrews,  JCS  69 1,  9(1896) 

2- Nitroso- azoxybenzene,  0N»C6H4-N:(0:)N* 
C6H5 ; mw  227.22,  N 18.49%;  sulfur^yel 
crysts,  mp  ca  106°  with  a blue-green  color 
becoming  orn-red.  It  was  prepd  by  heating  on 
a steam  bath  2-hydroxyl-amino-azoxybenzene 
with  freshly  pptd  mercury  oxide  in  ether 

Refs:  l)Beii  16,  [316]  2)G.Cusmano  & 

L. Della  Nave,  Gazz,  51  I,  68(1921)  & CA 

1C  iDdfinmn 

Nitroderivatives  of  Azoxybenzene 

Monortitrodzoxybenzene,  OaN -CfiH^NaO)*- 
CsH5  ; mw  243.22,  N 17.28%.  Three  isomers 
are  described  in  the  literature: 

2- Nitroazoxybenzene;  yel  ndls  or  prisms, 
mp  49°;  readily  sol  in  eth  or  benz,  less  sol 
in  ale.  Its  prepn  and  other  props  are  given  in 

r\  s -t 

r\er  i 

3- Nitroazoxybenzene  cc-form);  yellowish  ndls 


/ 


/ 
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(from  acet),  mp  120-1°;  sol  in  5 p boiling  acet 
or  in  25  p hot  ale,  diffc  sol  in  boiling  w. 
(p-form);  It  yei  ndls  (from  absoi  ale),  mp 
86-88°;  nearly  insol  in  w.  The  prepn  and 
other  oro^s  of  both  a St  S forms  are  »iven 
in  Ref  2 


■♦•n  i £1  uX)' wertiCKe  (*>iOrni),  yellowit.il 

crysts  (from  ale  or  ligroin),  mp  153°.  (/3-form); 
vel  crvsfs  (from  benz).  mp  149°.  The  prepn 
and  other  props  of  both  a Si  f 3 forms  are  given 
in  Ref  3 

Refs:  l)Beil  16,  627,  (377)  & [316]  2)Beil 

16,(3171  3)Beil  16,  627,  (377)  & (3171 

Oinitroazoxy benzene,  02N'C6H4(Na0)*C6H4  — 
N02;  id®  288.22,  N 19.44%.  Seven  isomers 
are  described  in  the  literature: 

2,2'  -Dinilroazoxybenzene;  yellowish  ndls, 
mp  175.5°;  readily  sol  in  acet,  chlf  or  hot 
benz;  less  sol  in  ale  or  ligroin.  Its  prepn 
is  given  in  Ref  1 

3,3'  -Dinilroazoxybenzene;  yellowish  ndls 
(from  coned  HN03),  almost  wh  ndls  (from 
coned  formic  acid),  mp  143-6.5°;  very  sol  in 
cold  coned  formic  acid,  sol  in  eth  or  carbon 
disulfide,  moderately  sol  in  benz  or  toluene, 
very  dirfc  sol  in  cola  aic.  its  prepn  ana 
other  props  are  given  in  Refs  2,7  & 8 

2,4’  -Dinilroazoxybenzene;  mp  135°,  obtd 
in  addn  to  4,4'  -dinitroazoxybenzene  on 

1 

Ltcauu^  p'l'nuiua/^  a v ucn^tut  wim 

(Ref  3) 


4,4'  -Vinitroazoxy benzene;  suituryei  ndls 
(from  benz)  or  lemon-yel  crysts  (from  glacial 


1 C 1 OO  T . rt  T n .]  .i-1  i 

JJ  f A.y±T’m/  « 41  A j'iVJ/ll  MllU  UUit 


props  are  given  in  Refs  4 & 8 


2, 4-Diniiroazoxy benzene,  (02N)aC6Hj*(I\i20)- 
C8Hs  ; It  yei  ndls  (from  ale),  mp  141°,  Its 

nrorin  in  oit/en  In  R pf  S 
r*"-r £>“ — * ' 


2, 6- Dinilroazoxybenzene;  Ifts  (from  benz), 
mp  172°.  its  prepn  is  given  in  Ref  5 

3,5-Dinitroazoxybenzene;  nearly  colorless 
crysts  (from  glacial  acetic  acid),  mp  171-3°; 
si  sol  in  all  solvs.  Its  prepn  is  given  in  Ref  6 


Refs;  l)Beil  16,  627  2)Beil  16,  627,(377) 

& [317]  3)Beil  16,  (378)  4)Beil  16,  628, 
(378)  Si  [5lSl  5)Beii  16,  (379)  6)Beii  16, 
[31S]  7)R.C.EIderfield  & E.F.Clafin,  JACS 
74 ( 2953-9(1952)  & CA  48,  9370(1954)  8) 

P.H.  Gore  & O.H. Wheeler,  JACS  78  , 2160-3 
(1956)  & CA  50,  9873(1956) 

T rinitroazoxybenzene,  (OtN)3 *C6H3  -(N20)- 

r.w  mo/  m ??  m 21  Fn„r 

-.-c . — , . . — — ' - • - — — * 

isomers  are  described  in  the  literature: 

1 A Of  1..  

neaiiy  tuiUllCSS 

tablets  or  prisms  (from  acet),  mp  187-92°; 
readily  sol  in  hot  chlf.  acet.  glacial  acetic 
acid,  nitrobenz  or  hot  HN03;  diffc  sol  in  ale, 
eth  or  ligroin.  Its  prepn  and  other  props  are 
given  in  Ref  1 

2,4,3'  -Trinitroazoxybenzene;  sulfur  vel 
prisms  or  crysts  (from  acet),  mp  175-8°; 

100  g hot  benz  dissolves  4.5  g of  compd.  Its 
prepn  and  other  props  are  given  in  Refs  1 
& 2 

2,4,4’ -Trinitroazoxybenzene;  sulfur-yel  ndls 
(from  HNOj)  or  sulfur-yel  prisms  (from  benz), 
mp  135-7°.  Its  prepn  and  other  props  are  given 
in  Ref  1 


2, 4, 6- Trinitroazoxybenzene,  (02iN)3C*H2- 
(N20)*QHs  ; it*yel  ndls  (from  glacial  acetic 
acid),  mp  170°;  sol  without  change  in  HNOj 
(d  1.45),  but  after  12  hrs  in  contact  with 


tetranitroazoxybenzene.  The  erinitro  azoxy- 
compd  is  formed  by  treating  2, 4,6- trinitro- 
azobenzene  with  coned  H202  in  acetic  acid 
soln  (Refs  2 & 3) 


Refs:  l)Beil  16,  628  2)Beil  16,  (379) 

3)A.Angeli  & B.Valori,  AttiAccadLinceiMem 
[51  22  I,  139(1913)  & JCS  104  I,  533-4(1913) 


Tetranitroazoxybenzene,  CjjH^NeO,;  mw 
378.22,  N 22.22%.  Two  isomers  are  described 
in  the  literature: 

3,5,3'  5'  -Tetranitroazoxybenzene,  (02N)2C6H3-- 
N(:0):N-C6H3(N02)2;  yei  crysts  (from  HNO, 
or  ale  + acet),  mp  185°;  sol  in  benz  or  acet, 
the  acet  soln  gives  a violet  color  in  the 
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presence  of  alkali;  the  addn  salt  with  HC1 
is  unstable.  The  prepn  of  the  tetranitro  compd 
is  described  in  Kef  1.  Gore  & Wheeler  (Ref 
4)  detd  its  absorption  spectrum  and  some 
other  props 

2, 4,6, 3'  (?)-Tetranitroazoxybenzene, 

(OjNjjCgHjKNjO^CfiHi'NOa;  yellowish  prisms 
(from  benz),  mp  192°.  By  prolonged  treatment 
of  2,4,6-trinitroazoxybenzene  with  HNOj 
(d  1.52),  the  tetranitro  compd  was  obtd  (Refs 
2 & 3) 

Refs:  l)Beil  16,  629&  [318]  2)Beil  16, 

(379)  3)A.AngeIi  & B.Valori,  AttiAccad 
LinceiMem  [5]  22  I,  139-40(1930)  & JCS 
104  I,  534(1913) 

Pentanitroazoxybenzene,  C12HsN7013,  not 
found  in  Beil  or  in  CA  through  1956 

2, 4,6,2'  ,4'  ,6*  -Hexanitroazoxybenzene, 

(OjN^QHj-CNjO-QHafNO,),;  mw  468.22, 

N 23.93%.  This  compd  is  listed  in  Refs  2 
& 3 but  no  information  is  given  concerning 
its  method  of  prepn  or  expi  props,  except 
mention  that  the  compd  is  reactive 

Refs:  l)Beil  — not  found  2)A.H.Blatt  & 

F.C. Whitmore,  OSRD  Rpt  No  1085(1942), 
p 43  3)A.H.Blatt,  OSRD  Rpt  No  2014(1944), 
p XVIII 

AZOXYBENZENECARBOXYLIC  ACID 
AND  DERIVATIVES 

Phenylazoxybenzoic  Acid  or  Azoxybenzene- 
monocarboxylic  Acid  [called  Azoxybenzol- 
carbonsaure-(2)  or  (4)  in  Ger];  C4HS  *(N20)- 
QH4«C00H;  mw  242.23,  N 11.57%.  Two 
isomers  are  described  in  the  literature: 

Azoxybenzene-2-Carboxylic  Acid;  yel  prisms 
or  small  lfts  (from  benz);  mp  105-6°,  110-11° 

& 118°;  readily  sol  in  common  org  solvs, 
diffc  sol  in  w;  the  soln  in  coned  H2S04 
rapidly  becomes  dk-red.  Its  prepn  is  de- 
scribed in  Ref  1 

Azoxybenzene-4'-Carboxylic  Acid.  This  compd 
exits  in  both  a and  /3  forms:  a-form-yel  lfts 
(from  ale);  mp  231°;  readily  sol  in  ale  or 


glacial  acetic  acid;  /3-/orm- yel  ndls  (from 
ale);  mp  241°;  readily  sol  in  ale  or  glacial 
acetic  acid. 

The  prepn  and  other  props  of  both  a-  and 
/3-forms  are  described  in  Ref  2 

Refs:  l)Beil  16,  644,  (388)  & [335]  2)Beil 

16,  (389)  & [336] 

Azido,  C13H»Nj03,  and  Diazido,  CjjH^NjO,, 
Derivatives  were  not  found  in  Beil  or  in  CA 
through  1956 

4 ' • Nitroazoxybenzene‘4-Carboxylic  Acid, 
02N‘C6H4'(N20)-CsH4 *COOH;  mw  287.23, 

N 14.63%;  yel  cryst  powd;  mp  ca  260  with 
decompn;  prepd  from  /3-azoxybenzene-4- 
carboxylic  acid  by  treatment  with  HNOs 
(d  1.48)  in  glacial  acetic  acid 

Ref:  Beil  16,  (389) 

DinitTOdzoxybenzene-monocarboxylic  Acid, 
C1}HjN407,  was  not  found  in  Beil  or  in  CA 
through  195  6 

3,5,3'  -Trinitroazoxybenzene-5'  -carboxylic 
Acid,  H00C<C6Hj(N02)*(N20)'C8Hs(N02)2; 
mw  377.23,  N 18,57%;  col  ndls  (from  ale), 
mp  216°;  sol  in  NaOH,  giving  a red  color  in 
strong  alkali;  dissolves  in  Na2C03  soln  or 
0.  IN  NaOH  with  no  color  change.  This 
compd  was  obtd  when  3,3’ -dinitro-5,5* - 
dicarboxyazoxybenzene  was  boiled  in  HN03 
(d  1.48)  for  16  hrs.  The  NH4  salt  was  prepd 
by  adding  strong  NH4OH  dropwise  to  a 
suspension  of  the  compd  in  warm  w until 
the  subst  dissolved.  Repeated  crystn  from 
w gave  fine  cream-col  ndls  which  lost  their 
w of  crystn  in  vacuo  at  60° 

Refs:  l)Beil  — not  found  2)A. Bolliger  & 

F. Reuter,  JProcRoySocNS  Wales  73,  74 
(1939)  & CA  34,  5419-20  (1940) 

Tetranitro,  C^H^N^O,,,  and  higher  nitro 
derivs  of  azoxybenzene-monocarboxylic  acid 
were  not  found  in  Beil  or  in  CA  through 
1956 
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AZOXYBENZENEDICARBOXYUC  ACID 
AND  DERIVATIVES 

Azoxydibenzoic  Acid  or  Azoxybenzene- 
dicarboxyl ic  Acid  (called  Azoxybenzoesaure 
or  Azoxybenzol-dicarbonsaure  in  Ger), 
HOOC-C6H4'(N2O)-CeH4-CO0H;  mw  286.24, 

N 9-79%.  Three  isomers  are  described  in  the 
literature:  o,o'  -azoxybenzoic  acid  or 
azoxybenzene-2,2'  -dicarboxylic  acid  (Ref  1); 
m,m ' azoxybenzoic  acid  or  azoxybenzene- 
3,3'  -dicarboxylic  acid  (Ref  2);  and  p,p'  - 
azoxybenzoic  acid  or  azoxybenzene-4,4 1 - 
dicarboxylic  acid  (Ref  3).  The  prepn  and 
props  of  these  isomers  are  described  in  the 
refs  indicated 

Refs : l)Beil  16  , 644,(388)  & [3353  2)Beil 

16  , 646  & (388)  3)Beil  16,  647  & [3361 

Azido,  05  , and  Diazido,  Cl4H8N,05  , 

Derivatives  were  not  found  in  Beil  or  in  CA 
through  1956 

Mononitroazoxybenzoic  Acid,  C14H,N307,  was 
not  found  in  Beil  or  in  CA  through  1956 

5,5'  -Dinitroazoxybenzene-3,3'  -dicarboxylic 
Acid  or  3,3'  -Dinitro-5,5'  -dicarboxyazoxyben- 
zene,  H0OC-C6H3(N02)-(N2O)-CeH,(NO2).C00H; 
mw  376.24,  N 14.89%;  cream-col  small  ndls 
(from  anisole  + ale),  mp  288;  readily  sol  in 
ale  but  nearly  insol  in  cold  w,  eth  or  benz. 

It  was  prepd  by  treating  3,5-dinitrobenzoic 
acid  with  NaOH  soln  and  pptg  the  product 
by  adding  HC1.  It  can  be  recrystd  from  HN03 
without  change 

Refs:  l)Beil  16,  647  2)A.Bolliger  & 

F. Reuter,  JProcRoySocNSWales  73  , 74(1939) 

& CA  34,  5419-20(1940) 

Trinitro,  C^HyNjOn,  and  Tetranitro, 
Cl4il6N6Ols,  Derivatives  of  azoxybenzoic 
acid  were  not  found  in  Beil  or  in  CA  through 
1956 

AZOXYDICARBOXYLAMIDE  DIOXIME 
AND  DERIVATIVES 

Azoxydicarboxylamide  Dioxime  (called 


Azoxy-carbonsaure-bisamidoxim  in  Ger), 
HO-N:C(NH2)-NjO-C(NH2):N-OH;  mw  162.12, 

N 51.84%;  red-orn  crysts  (from  w at  60°), 
mp  explodes  ca  99°  without  leaving  a residue; 
sol  in  hot  w with  slow  decompn;  insol  in 
org  solvs.  This  compd  was  obtained,  in  addn 
to  other  products,  by  Wi eland  (Ref  2)  on 
carefully  treating  with  HN03  the  alkaline 
soln  of  dihydroxyguanidine  hydrobromide, 
HO-NH-C(:NH)-NH-OH,  HBr.  The  latter 
compd  was  prepd  by  reacting  at  —20°  cyanogen 
bromide  and  hydroxylamine  dissolved  in  a 
mixt  of  methyl  ale  and  anhyd  eth.  The  re- 
action between  cyanogen  bromide  and  free 
hydroxylamine  in  alcoholic  ethereal  soln  at 
RT  is  violent  and  almost  expl 

The  silver  salt  of  azoxydicarboxylamide 
dioxime,  Ag2C3H4N60j,  dk-brn  flakes,  was 
reported  to  detonate  when  heated  on  aPt 
foil 

Refs : l)Beil  3,  124  2)H.Wieland,  Ber 

38,  1452-3(1905)  & JCS  88  I,  421(1905) 

Azoxydicarboxylamide  Diaxime  Dibenzoate, 

CeH,  .CO-O.N:C(NH2).(N20)*C(NHa):N.O*- 
OOCeH5 ; mw  370.32,  N 22.70%;  yel  ndls 
(from  glacial  acetic  acid)  mp  — explodes  at 
155°.  This. compd  was  obtd,  in  addn  to  col 
ndls  of  benzoylguanidine  benzoate 
[C6H5  •CO-NH-C(NHa):N  O'OC.C<H53,  when 
dihydroxyguanidine  and  benzoyl  chloride 
reacted  in  the  presence  of  sodium  bicarbonate. 
Attempts  to  methylate  or  benzoylate  azodi- 
carboxylamide  dioxime  by  means  of  methyl 
sulfate  or  benzoyl  chloride  either  in  Na^COj 
or  NaHCOj  soln  were  without  success.  The 
yel  material  isolated  was  purified  by  re- 
peated shaking  with  acet  until  it  was  sol  in 
dil  NaOH,  which  quickly  caused  decompn 
into  benzoic  acid,  nitrogen,  and  hydroxy- 
carbamide.  The  col  purified  crysts  of  the 
benzoylguanidine  benzoate  decompd  at  162-3° 
Refs:  l)Beil  9,  300  2)H.Wieiand  & H. 

Bauer,  Ber  40,  1687-90(1907)  & JCS  92  I, 
492(1907) 

Azoxyethane,  C3H5  -(NjOCjHj  , as  well  as 
its  Azido,  Diazido,  Nitro,  Dinitro,  Nitroso, 


no /<J 


and  Nitronitroso  Derivatives  were  not 
found  in  Beil  or  CA  through  1956 
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Azoxymethane,  HjCTNiOi-CHj;  mw  74.08. 

N 37.82%;  col  liq,  bp  98°  at  760  mm  Hg; 
nD  1 .4300  at  17°.  It  was  prepd  by  oxidg 
azomethane  with  perbenzoic  acid.  Azoxy- 
methane  was  decompd  by  hot  coned  aq  alkali 
with  the  formation  of  volatile  base  ana  was 
converted  by  hot  HC1  into  formic  acid  and 
methyl  hydrazine.  The  IJV  and  TR  spectra 
were  also  reported 

The  combustion  of  azoxymethane  must  be 
carried  out  in  a current  of  air  as  the  use  of 
oxygen  led  to  explosions 
Refs:  l)Beil  - not  found  2)B.W.Langley 

et  al,  JCS  1952,  4191-5  & CA  48,  4432-3 
(1954) 


No  Azido,  C2H5  N5  O,  Diazido,  Cjh^NjO, 
Mononitro,  CjHsNjOj,  Dinitro,  C2H4N405  , 
or  other  nitro  Derivatives  of  azoxymethane 

l 1 n 1 n a »l U 1 OS/< 
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AZOXYNAPHTHALENE  AMO  DERIVATIVES 


Azoxynaphthalene, 

mw  298.33,  N 9.39%.  Two  derivs  are  de- 
scribed  in  the  literature: 

1,1'-  or  a-a*  -Azoxynaphthalene  (Ref  1)  and 
2,2*  - or  fi-fi*  -Azoxynaphthalene  (Ref  2) 

Refs:  l)Beil  16,  632,(380)  & [322]  2)Beil 

16,  633  & [322] 

Azidoazoxynaphtbalene,  C20HijNs  O,  or 
Diazido  Derivatives  C20H12N,O,  were  not 
found  in  Beil  or  in  CA  through  1956 

Mononitroazoxynaphthalene,  C20H13NjOj,  not 
found  in  Beil  or  in  CA  through  1956 

DinjtfpqioxyngpMliaionB.  O.N •Ci5H5'(N20)*- 
C10H« -N02;  mw  3 88. 33 , N 14.4 3%*"  T wo  “ 

isomers  are  described  in  the  literature: 

5,5'  -Dinitro-1  ,V  -azoxynaphthalene,  orn-yel 
to  bm-red  powd  (when  dry):  mp-decompg  above 


/ 


200°,  slowly  turning  brn;  sol  in  coned  H2S04 
with  a red  color,  turning  blue-violet  on 
heating.  This  compd  was  obtd  by  reducing 
1.,5-dinitronaphthalene  with  Zn  dust  and 
NH^Cl  or  phenylhydrazine  and  NaOH 

Refs:  l)Bei|  16.  633  2)L. Wacker,  Ann 

321,  65(1902)  &.  JCS  82  I,  5 06(1902) 


a -»  ,._n 
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brn-red  iridescent  ndls  (from  nitrobenzene), 
mp  305-6°  & 315°:  in  sol  in  w,  ale.  ether, 
benz  or  glacial  acetic  acid.  This  compd  was 
obtd  as  one  of  the  products  from  the  reaction 
of  hydrazine  or  hydrazine  hydrate  and  4- 
chloro-l,3-dinitronaphthaline  in  ale 

Refs:  i)Beii  16,  L322J  2)A.K.Macbeth  & 

J.R. Price,  JCS  1937,  983-4 


Trinitro,  C^H^Ns  07;  Tetranitro,  C20HloN6O}; 
and  higher  nitro  derivatives  of  azoxynaphtha- 
iene  were  not  found  in  Beii  or  in  CA  through 
1956 


AZOXYPHENETOLE  AND  DERIVATIVES 


A 1 ..  I r»:  . .1 L 

4-i&uajt|jiii:iiciwit;  ui  vitrinuAjru^UAjrwiHCnv, 

CiftHjjNjOj;  mw  286.32,  N 9.78%.  Three 
isomers  are  described  in  the  literature: 
0,0*  -azoxyphenelole  (Ref  1),  m,m*  - 
azoxyphenetole  (Ref  2),  and  p,p*  -azoxy- 
phenetole  (Ref  3).  The  nitro  derivs  of 
azoxyphenetole  may  be  of  interest  as  expl 
ingredient  5 


Refs:  l)Beil  16,  635  & [324]  2)Bei!  16, 


/l/  . Trl 
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^;oen  io,  050,0^;  « L^/J 


Azido,  C,eHl7Ns0j,  and  Diazido , Cl6Hl6N,03, 
Derivatives  of  azoxyphenetole  were  not 
found  in  Beil  or  in  CA  through  1956 


Nitro  Derivatives  of  Azoxyphenetole 

3-Nitro-4,4l  -diet boxy azoxy benzene, 

C2Hs  ■0*CeH4-(N20)‘C6Hj(N02)«0«C2Hs ; 
mw  331.32,  N 12.68%;  It  yel  ndls  (from  ale), 
mp  153°;  obtd  by  treating  p,p' -azoxyphenetole 
with  HNOj  (d  1.45)  in  acetic  acid  soln 

Refs:  l)Beil  16,  (385)  2)B.VaIori,  Atti 

AccadLinceiMem  [53  23  II,  285(1914)  & CA 
9,  1475-6(1915) 


no/ 1 


3,3'  - Dinitro’4,4 ' - diethoxy  azoxybenzene, 

C2H5  •0(N0,)‘C6Ha-(Na0)-C6H,(N0a)-0-CaH5 ; 
raw  376.32,  N 14.89%;  yel  cryst  powd  (from 

Cl  1 <n  ^ mn  1RS°-  ca  1 In  rrloi^-Iol  a s*  **+  • 

**  r — * *■*  — 

acid,  diffc  sol  in  ale;  obtd  by  treating  p,p'  - 
azoxyphenetole  with  HN03  (d  1.48)  in 
glacial  acetic  acid 

Refs:  l)Beil  16,  (385)  2)B.Valori,  Atti 

AccadLinceiMem  [5]  23  II,  290(1914)  & CA 
9,  1475-6(1915) 

X,X,X-Trinitro-4,4’  -diethoxyazoxybenzene, 

Cj6Hi5N509,  mw  421.32,  N 16.62%.  Two 
isomers  identified  by  mp  have  been  reported: 

/.  mp  1 68°,  sulfur-yel  ndls  (from  hot  ethyl 
acetate);  readily  sol  in  boiling  eth,  chlf, 
benz  or  glacial  acetic  acid;  diffc  sol  in  cold 

_ 1 _ _ :___t  t _ 

aiL,  lii&fJi  iu  w. 

//.  mp  187°,  It  yel  ndls  (from  hot  ethyl 

\. j : k. 1 1 1 1 • _ _ 

dLcidLC),  icaui ly  t»ui  111  uuinii£  cuiyi  <u.<rii±i.c, 

moderately  sol  in  chlf  or  benz;  diffc  sol  eth 
or  hot  glacial  acetic  acid:  insol  in  ale. 

The  prepn  and  other  props  of  these  tri- 
nitroazoxyphenetoles  is  given  in  Beil 

Ref:  Beil  16,  639 

'T'  £>t  mmi  fvri  C*  )-!  MO  A ViirrK^r  c 
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of  azoxyphenetole  were  not  .found  in  Beil 
or  in  CA  through  1956 

AZOXYPHENOL  AND  DERIVATIVES 

Axoxyphenol  or  Dihydroxyazoxybenzene, 

C,2H,0N2O3,  mw  230.22,  N 12.17%.  Three 
isomers  are  described  in  the  literature: 

0,0'  -azoxyphenol  (Ref  1),  m,m'  - azoxy - 
phenol  (Ref  2),  and  p,p'  -azoxypbenol  (Ref 
3).  The  nitro  derivs  of  azoxyphenol  may  be 
of  interest  as  expl  ingredients 

Refs:  l)8eil  16,  (381)  2)Beil  16,  636  & 

[3251  3)Beii  16,  637  & [326] 

Azido,  Cjj^Nj  O,,  and  Diazido,  C12HsNg03, 
Derivs  of  azoxyphenol  were  not  found  in 
Beil  or  in  CA  through  1956 

3-Nitro-4, 4'  - dihydroxy • azoxybenzene. 
H0-C6H4-N(:Oh*N-C6H3(N02)’0H;  mw  275.22, 


N 15.27%;  om-yel  ndls  (from  ale),  mp  195°; 
can  be  prepd  by  treating  4,4' -dihydroxy- 
azoxybenzene with  NaN02  in  glacial  acetic 

— u ~ - i — a _ A u — i At 
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benzoylhydroxy-azoxybenzene  with  coned 
KOH  soln 

Ref:  Beil  16,  [328] 

Dinitro,  CJ2HaN407,  Triniiro,  C12H7Ns09  and 
higher  nitro  derivs  of  azoxyphenol  were  not 
found  in  Beil  or  in  CA  through  1956 

AZOXYPROPANE  AND  DERIVATIVES 

Azoxypropane  or  D i methyl  a zoxy ethane, 

CsH,4N,0;  mw  130.19,  N 21.52%.  Two 
isomers  were  reported: 

/ I * - /t  7nvvhfAftr?»Tfl  r H_  .f'P  n'l.Pl-l  « 
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CjHj  ; col  liq,  bp  67°  at  20  mm  Hg;  d 0.902 
at  20°;  and  nn  1.4365  at  20°.  It  was  prepd 
by  oxidg  1-azopropane,  in  dry  methylene  di- 
chloride, with  perbenzoic  acid.  This  compd 
was  decompd  by  hot  coned  aq  alkali  and 
converted  by  hot  HCI  into  propionic  acid 
Uuu  fi-propyliiyuraZme.  The  u’V  anu  iR 
spectra  were  reported 

2,2’  -Azoxypropane.  (H3C)2-CH-(iSiaO)-CH* 
(CH3)2;  col  liq,  bp  38°  at  14  mm  Hg.  It  was 

kir  a ?Ar\rAr,  On  a -a  c k*./J  fii 

^ j 

l-azopropane.  Catalytic  reduction  of  2,2*- 
azoxypropane  produced  N,N’ -di- 2-propyl- 
hydrazine  and  with  hot  HCI  the  compd  was 
converted  into  hydrazine  hydrochloride.  The 
UV  and  IR  spectra  were  reported 

Refs:  l)Beil  — not  found  2)B. W.Langely 

et  ai,  jCS  1952,  4191-7  & CA  48,  4432-3 
(1954) 

Azido,  C6H13N5  O,  and  Diazido,  C6H12NB0, 
Derivatives  were  not  found  in  Beil  or  in  CA 
through  1956 

Mononitro,  CsHl3N303,  and  Trinitro, 
QHmNs07,  Derivatives  were  not  found  in 
Beil  or  in  CA  through  1956 

2,2'  -Dinitro-2,2'  -Azoxypropane  or  2,2'  - 
Dinitro-2,2’  -Dimethylazoxyethane  (called 
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sym-Dinitro-tetramethylazoxymethan  in  Beil), 

(H3C)a*C*(NOa)*(N2O)-C(N0j)‘(CHs)a;  mw  220.19, 
N 25.45%;  crysts  (from  ligroin),  mp  97°,  bp 
100°  at  25  mm  press  (with  a little  decompn); 
readily  sol  in  ale,  ether,  chlf,  benz,  acet 
or  glacial  acetic  acid.  It  is  one  of  the  prod- 
ucts formed  when  acetoxime  in  eth  soln  was 
treated  with  nitrogen  peroxide,  N204.  Other 
props  are  given  in  the  Ref 
Ref:  Beil  1,651 

AZOXYTOLUENE  AND  DERIVATIVES 

Azoxytoluene  or  Dimethylozoxybenzene, 

CH3-C6H4*(NaO)*C6H4*CH3;  mw  226.27, 

N 12.38%.  Five  isomers  are  described  in 
the  literature:  o, o'  - azoxytoluene  or  2,2 ' - 
dim ethylazoxy benzene;  yel  plates  (from 
petr  eth)  or  It  yel  lfts  (from  dil  ale);  mp 
59-60°,  explodes  and  chars  on  rapid  heating 
(Ref  1);  iso- o, o * - azoxytoluene ; It  yel  long 
ndls  (from  petr  eth),  prisms  (from  benz)  or 
little  ndls  (from  methyl  ale  + w);  mp  80-2°; 
readily  sol  in  common  org  solvs,  petr  eth  or 
cold  benz;  insol  in  w;  its  solns  are  It  yel  in 
color  (Ref  2);  m,m'  - azoxytoluene  or  3,3*  - 
dimethyl  azoxytoluene  i It  yel  ndls  (from  eth); 
mp  37-9°;  readily  sol  in  ale,  eth,  chlf,  CSa, 
ligroin  or  benz  (Ref  3);  p,p'  - azoxytoluene  or 
4,4*  -dimetkylazoxytoluene;  pale  yel  ndls 
(from  ale)  or  sulfur^yel  plates  (from  ligroin); 
mp  69-70°;  readily  sol  in  ale  or  eth  (Ref  4); 
and  w,w*  -azoxytoluene,  CsHj  •CH2-(N20)' 
CHa*QHs  (Ref  5).  The  prepn  and  other  props 
of  these  azoxytoluenes  can  be  found  in  the 
refs  indicated.  Nitro  or  other  derivs  of 
azoxytoluene  may  be  of  interest  as  expl 
ingredients 

Refs:  I)Beil  16,  629,  (379)  & 1318]  2) 

Beil  16,  629  & (318  ,nml  3)Beil  16,  630 
& (3191  4)Beil  16,  630,  (380)  & [320]  5) 

Beil  16,  631 

Azido,  Cl4Hi3N5  0,  and  Diazido,  C,4Hi2N,0, 
derivs  of  azoxytoluene  were  not  found  in 
Beil  or  in  CA  through  1956 

Nitroso,  C14H13NjOa,  and  Dinitroso, 


Cl4HiaN403,  derivs  of  azoxytoluene  were  not 
found  in  Beil  or  in  CA  through  1956 

Nitroderivofives  of  Azoxytoluene 

Mononitrodzoxytoluene,  C14Hi3N30j,  was  not 
found  in  Beil  or  in  CA  through  1956 

Dinitroazoxytoiuene  or  Djnitrodimethyl* 

□zoxy benzene,  H3C'C6H3(N02)*(N20)— 
C6H3(NOa)-CH3;  mw  316.27,  N 17.72%.  Three 
isomers  are  described  in  the  literature: 

3,3 ' - Dinitro-.2,2 * - dimethylazoxyhenzene ; 
yel  ndls  (from  benz)  or  nearly  coi  crysts 
(from  acet),  mp  187*90°;  sol  in  formic  acid, 
diffc  sol  in  ale;  heated  on  a w bath  with 
coned  HaS04  gives  3,3'  -dinitro-4- hydroxy- 
2,2' -dimethylazobenzene.  The  prepn  of  di- 
nitroazoxytoiuene is  described  in  Ref  1 

4,4*  -Dinitro-3,3'  (or  2,2'  )- dimethylazoxy- 
henzene, dk-brn  prisms  (from  glacial  acetic 
acid  + benz),  mp  188-9°;  diffc  sol  in  all 
solvs.  Its  prepn  is  described  in  Ref  2 

3,3'  -Dinitro-4, 4*  -dimethylazoxyhenzene. 

It  yel  ndls  (from  benz),  mp  164°;  sol  in  hot 
formic  acid  or  in  ethyl  acetate;  diffc  sol  in 
ale  or  cold  formic  acid.  Its  prepn  is  de- 
scribed in  Ref  3 

Refs:  l)Beil  16,  630  & [318]  2)BeiI  16, 

(380)  3)Beil  16,  631  & [320] 

Trinitroazoxy toluene,  C14H12NS  07,  was  not 
found  in  Beil  or  in  CA  through  1956  but  this 
compd  (no  formula  given)  is  listed  by  A.H. 
Blatt  & F.C. Whitmore,  OSRD  Rpt  No  1085 
(1942),  p 100 

Tetranitroozoxytoluene,  HjC-C6H2(NOa)2  — 
(NjCO-CsH^NOjVCH*;  mw  406.27,  N 20.69%. 
Two  isomers  are  mentioned  in  the  literature: 

2, 6, 2* , 6 ' - Tetranitro-4,4 ' -dimethylbenzene 
was  reported  (Ref  3)  isolated  in  pure  cryst 
form  as  an  intermediate  compd  during  the 
reduction  of  TNT  by  partially  purified 
xanthine  oxidase.  No  props  of  this  compd 
were  given 

3,5,3'  ,3'  - Tetranitro-4,4 ' • dimethylbenzene , 
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ndls  (from  benz  or  glacial  acetic  acid),  mp 
212-6°;  was  prepd  by  treating  2,6-dinitro-4- 
hydroxyl aminotoluene  with  coned  HC1  (Ref 
1) 

Tetranitroazoxytoluene  is  a HE  of  power 
and  brisance  less  than  that  of  PA  (Ref  2) 
Refs:  l)Beil  16,  (380)  2)BUtt  (1944)  3) 

E.Bueding  & N.Jolliffe,  JPharmacol  88,  300- 
12  (1945)  & CA  41,  510(1947) 

P entanilToazoxy toluene , C^HjMjO,*,  and 
Hexanitroazoxytoluene,  C^HgNgOu,  were  not 
found  in  Beil  or  in  CA  through  1956 

AZOXYXYLENE  AND  DERIVATIVES 

Azoxyxylene  or  Tetramethylazoxybenzene, 

(CHj)2C6Hj •(N20)*C4Hj(CHj)2;  mw  254.32, 

N 11.02%.  Five  isomers  are  described  in 
the  literature:  3,3*  -azoxy-o-xylene  or 

2,3,2*  ,3*  -tetramethylazoxybenzene  (Ref  1), 
4,4*  -azoxy-o-xylene  or  3,4,3'  ,4*  -tetramethyl- 
azoxybenzene (Ref  1),  2,2'  -azoxy-m- xylene 
or  2,6,2'  ,6'  -tetramethylazoxybenzene  (Ref  2), 
4,4*  -azoxy-m-xylene  or  2,4,2*  ,4*  - tetramethyl- 
azoxybenzene (Ref  2),  and  2,2'  - azoxy-p - 
xylene  or  2,3,2*  ,5* -tetramethylazoxybenzene 
(Ref  2) 

Refs:  l)Beil  16,  631  & [32l]  2)Beil  16, 

632  & [3213 

Azido , C16H,7Ns  0,  and  Diazido,  C16Hl6NgO, 
Derivs  of  azoxyxylene  were  not  found  in  Beil 
or  in  CA  through  1956 

Mononitro,  Cl6H17N303,  Dinitro,  C,5H,6N405  , 
and  higher  nitro  derivs  of  azoxyxylene  were 
not  found  in  Beil  or  in  CA  through  1956 
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TABLE  I 


Comparison  of  l)S,  Tylor,  British  and  German  Sieve  Series 


US(Natl  BorStd 

s) 

Tyiar 

BritStd 

sln-sti  tutia  n{  B SI ) 

German  DIN  1171 

Sieve  Openings 

Opening* 

Approximate 

Mesh 

Opening  s 

Openings 

DIN 

Mesh  per 

Openings 

No 

in  mm 

in  inches 

E qui  v Mesh 

No 

in  mm 

in  inches 

No 

sq  cm 

in  mm 

u 

8.00 

0.315 

2)4 

_ 

_ 

— 

_ 



3 

6.72 

0.265 

3 

- 

- 

- 

- 

- 

- 

3 % 

5.66 

0.223 

3A 

- 

- 

- 

1 

1 

6.000 

4 

4.76 

0.187 

4 

- 

- 

- 

- 

- 

- 

5 

4.00 

0.157 

5 

- 

- 

- 

- 

- 

- 

0. 132 

5 

3-353 

2 

4 

3.000 

o 

2.X> 

G 

U,  DM 

7 

2.83 

0.111 

7 

6 

2.812 

0.1107 

- 

- 

- 

Q 

1 ID 

nnnA 

0 

7 

2.411 

0 .0949 

i\l 

< IK 

2.400 

t-ti 

W*  A.-/ 

10 

2.00 

0.079 

9 

8 

2.057 

0.0810 

3 

9 

2.000 

12 

1.68 

0.066 

10 

10 

1.676 

0.0660 

4 

16 

1.500 

14 

1.41 

0.0557 

12 

12 

1.405 

0.0553 

- 

- 

- 

16 

1. 19 

0.0468 

14 

14 

1.204 

0.0474 

5 

25 

1.200 

18 

1.00 

0.0394 

16 

16 

1.003 

0.0395 

6 

36 

1.020 

20 

0.84 

0.0331 

20 

18 

0.853 

0.0336 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8 

64 

0.750 

25 

0.71 

0.0278 

24 

22 

0.699 

0.0275 

— 

— 

— 

30 

0.59 

0.0234 

28 

25 

0.599 

0.0236 

10 

100 

0.600 

i ii 

n 

* * 

35 

0.50 

0.0197 

32 

30 

0.500 

0.0197 

12 

144 

0.490 

40 

0,42 

0.0166 

35 

36 

0.422 

0.0166 

14 

196 

0,430 

45 

0.35 

0.0139 

42 

44 

0.353 

0.0139 

16 

256 

0.385 

50 

0.297 

0.0117 

48 

52 

0.295 

0.0116 

20 

400 

0.300 

60 

0.250 

0.0098 

60 

60 

0.251 

0.0099 

24 

576 

0.250 

70 

0.210 

0.0083 

65 

72 

0.211 

0.0083 

30 

900 

0.200 

80 

0.177 

0.0070 

80 

85 

0.178 

0.0070 

_ 

- 

- 

100 

0. 149 

0.0059 

100 

100 

0.152 

0.0060 

40 

1600 

0.150 

0.125 

0.0049 

115 

120 

0. 124 

0.0049 

50. 

2500 

120 

O.iiU 

140 

0.105 

0.0041 

150 

150 

0.104 

0.0041 

60 

3600 

0.102 

i w 

n non 

n 

i in 

i -rn 

n non 

n nm< 

in 

<(nnn 

n noo 

* * “ 

V,WW 

* ' " 

"',vv/ 

' v 

-ISM 

%r.  vuo 

200 

0.074 

0.0029 

200 

200 

0.076 

0.00  30 

80 

6400 

0.075 

230 

0.062 

0.0025 

250 

240 

0.066 

0.0026 

100 

10000 

0.060 

270 

0.053 

0.00  21 

270 

300 

0.053 

0.0021 

- 

- 

- 

325 

0.044 

0.0017 

325 

- 

- 

- 

- 

- 

- 

400 

0.037 

0.0015 

400 

- 

- 

- 

— 

- 

— 

Note:  This  tabic  combines  information  given  in  l)Lange’s  Handbook  of  Chemistry  2)Chemical  Rubber  Co's  Handbook 
of  Chemistry  and  Physics  and  3)R.  D.  Cadle’s  “Particle  Size  Determination,”  Interscience,  NY{1955).  The  IMM 
(institution  of  Mining  and  Metallurgy,  London)  Series,  given  in  Ref  3,  has  been  largely  replaced  by  the  BSI  Series,  and 
is  not  included  in  this  table.  The  Tyler  screens  are  manufd  by  the  W,  S.  Tyler  Co,  Cleveland,  Ohio.  The  French  use 


TABLE  II 


Calibers  (Millim«t«r  — Inch  Equi  vole, its) 

Conversion  Focforst  1 inch  “ 25.40005  mm;  1 mm  ■ 0.03937  inch 


mm 

1 n 

mm 

in 

mm 

in 

mm 

in 

mm 

in 

mm 

in 

5. 

.19685 

7.9 

.31102 

10.9 

.42913 

25. 

.98425 

107. 

4,2126 

300. 

11.811 

5.08 

.20 

7.92 

.31181 

10.922 

.43 

25.4 

I. 

110. 

4.3307 

304.8 

12. 

5.1 

.20079 

8. 

.31496 

11. 

.43307 

27. 

1.063 

114.3 

4.5 

305. 

12.00B 

5.2 

.20472 

8.1 

.31890 

11.1 

.43701 

27.94 

1.1 

119.38 

4.7 

310. 

12.205 

5.334 

.21 

8.128 

.32 

11.15 

.43898 

28. 

1.10236 

' 120. 

4.7244 

320. 

12.598 

5-4 

.21260 

8.2 

.32283 

11.176 

.44 

30. 

1.1811 

122. 

4.8031 

330.2 

13- 

5.5 

.21654 

8.3 

.32677 

11.2 

.44094 

37. 

1.4567 

125. 

4.9213 

340. 

13.386 

5.568 

.22 

8.382 

.33 

11.3 

.44488 

40. 

1.5748 

127. 

5. 

353. 

13.898 

5.6 

.22047 

8.4 

.33071  . 

11.35 

.44685 

42. 

1.65354 

128. 

5.0394 

355. 

13.976 

5.7 

.22441 

8.5 

.33465 

11.4 

.44882 

44. 

1.73228 

130. 

5.1181 

355-6 

14. 

5.8 

.22835 

8.6 

.33858 

11.430 

.45 

45. 

1.7717 

135. 

5.3150 

370. 

14.567 

5.842 

.23 

8.636 

-34 

11.5 

.45276 

47. 

1.B504 

140. 

5.5118 

380. 

14.961 

5-9 

.23228 

8.7 

.34252 

11.6 

.45669 

50, 

1.9685 

145. 

5.7087 

381. 

15- 

6. 

.23622 

8.8 

.34646 

11.684 

.46 

50.8 

2. 

149. 

5.8661 

390. 

15-354 

6.096 

.24 

8.89 

.35 

11.7 

.46063 

55. 

2. 1654 

149.1 

5.e7 

400. 

15.748 

6.1 

.24016 

8.9 

-35039 

11.8 

.46457 

57, 

2.2441 

150. 

5-9055 

406.4 

16. 

6.2 

.24409 

9. 

.35433 

11.9 

.46850 

58, 

2.2835 

152. 

5.9842 

410. 

16.1417 

6.3 

.24803 

9.068 

.357 

11.938 

.47 

59-94 

2.36 

152.4 

6. 

420. 

16.535 

6.35 

.25 

9.1 

.35827 

12. 

.47244 

60. 

2.3622 

155. 

6. 1024 

430. 

16.929 

6.4 

.25197 

9.128 

.36  ' 

12.1 

.47638 

65. 

2.5591 

157. 

6.1811 

431.8 

17. 

6.5 

.25591 

9.2 

.36220 

12.192 

.48 

70. 

2.7559 

160. 

6.2992 

440. 

17.3228 

6.6 

.25984 

9.3 

.36614 

12.2 

.48031 

73. 

2.874 

165. 

6.4961 

450. 

17.717 

6.604 

.26 

9.398 

.37 

12.3 

.48425 

75. 

2.9528 

170. 

6.6929 

457.2 

18. 

6.7 

.26378 

9.4 

.37008 

12.4 

.48819 

76. 

2.9921 

172.6 

6.7953 

470. 

18.504 

6.6 

.26772 

9.5 

.37402 

12.446 

.49 

76.2 

3. 

177.8 

7: 

482.6 

19. 

6.858 

.27 

9.6 

.37795 

12.5 

.49213 

76.5 

3-0118 

182.88 

7.2 

500. 

19.685 

6.9 

.27165 

9.652 

.38 

12.6 

.49606 

77. 

3.0315 

194. 

7.6378 

508. 

20. 

7. 

.27559 

9.7 

.38189 

12.7 

.50 

80. 

3. 1496 

200. 

7.874 

5334.4 

21. 

7.01 

.276 

9.6 

■38583 

12.8 

.50394 

81. 

3.1890 

203. 

7.9921 

540. 

21.2598 

7.1 

-27953 

9-9 

-38976 

12.9 

.50787 

82. 

3-2283 

203.2 

8. 

550. 

21.654 

7.112 

.28 

9.906 

.39 

12.954 

.51 

83.5 

3.2874 

209-3 

8.2401 

558.8 

22. 

7.2 

.28346 

10. 

.39370 

13. 

.51181 

85. 

3.3465 

210. 

8.2677 

570. 

22.441 

7.3 

.28740 

10.1 

.39704 

13.2 

.51968 

87. 

3.4252 

211. 

8.3071 

584.2 

23- 

7.35 

.28937 

10.15 

.3  9961 

13-5 

.53150 

87.63 

3.45 

220. 

8.6614 

600. 

23,622 

7.366 

.29 

10.16 

.40 

13-9 

.54724 

88. 

3.4646 

228.6 

9. 

609.6 

24. 

7.4 

.29134 

10.2 

.40157 

14. 

.55118 

SB.  9 

3.5 

234. 

9.213 

635. 

25. 

7.5 

.29528 

10.3 

-40551 

14.5 

.57087 

90. 

3.5433 

238. 

9.3701 

650. 

25.591 

7.6 

.29921 

10.35 

.40748 

15. 

.59055 

93.98 

3.7 

240. 

9.4468 

660.4 

26. 

7.62 

.30 

10.4 

.40945 

15.24 

.60 

95. 

3.7402 

250. 

9.6425 

685.8 

27. 

7.63 

.30039 

10.414 

.41 

15.43 

.60748 

100. 

3.9370 

254. 

10. 

700. 

27.559 

7.65 

.30118 

10.5 

.41339 

17. 78 

.70 

101.6 

4- 

260. 

10.236 

711.2 

28. 

7.696 

.303 

10.6 

.41732 

20. 

.78740 

102. 

4.0157 

270. 

10.6299 

736.6 

29. 

7.7 

.30315 

10.668 

.42 

20.32 

.80 

104. 

4.0945 

274. 

I0.7B74 

750. 

29.523 

7.8 

.30709 

10.7 

. .42126 

22.86 

.90 

105. 

4.1339 

279-4 

11. 

762. 

30. 

7.874 

.31 

10.8 

.42520 

23. 

.90551 

106. 

4.1732 

230. 

11.024 

787.4 

31. 

106.68 

4.2 

283. 

11.142 

800. 

31.4% 

290. 

11.4173 

915. 

36. 

Note:  iiold  figures  represent  standard  and  some  obsolete  US  and  Foreign  calibers 
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Propellants  Published  Since  1900 


1)J. Daniel,  “ Dictionnaire  des  Matieres  Ex- 
plosives, ” Dunod,  Paris(1902)  2)L.  Gody, 

itrr.  . r_  ' *tl  n ^ v i ^ r w_ 

lldue  lUCUll^UC  Cl  r 1 ttli^UC  uca  mfliicito 

plosives,”  Wesmael-Charlier,  Namur(19Q7)  3) 
R.Escales,  “Nitroglyzerin  und  Dynamic,”  Veit 
& Co,  Leipzig(iyOS)  4)R.Escaies,  ’"Ammon- 
salpetersprengscoffe,”  Veit  & Co,  Leipzig(1909) 
5)R.Escales,  “Chloratsprengstoffe,  ” Veit  & Co, 
Leipzig(1910)  6)R.Escales,  ’ 'Schwarzpulver 
und  Sprecgsalpeter, M Veit  & Co,  Leipzig^  1914) 
7\U  Pc/'aUc  ^Wirrrte^rpnoKrnff^.  ” Veit  & Co. 

' v“i  — — i o 

Leipzig(1915)  8)R.Escales  & A.Stettbacher, 
“Initial  explo  si  vseoffe,”  Veit  & Co,  Leipzig 
(1917)  9)E.M.  Weaver,  “Notes  oa  Military  Ez- 

plosives,”  Wiley, NY(1917)  10)A.Marshall, 
“Explosives,  ” Churchill,  London,  v 1(1917), 
v 2(1917),  v 3(1932)  ll)E.deW.$.Colver, 

“High  Explosives,”  VanNostrand, NY(1918)  12) 

E.deB. Barnett,  ''Explosives,”  VanNostrand, 
NY(19,19)  13)H.Kast,  “Spreng-  und  Ziindstoffe,” 
Vieweg,  Braunschweig(1921)  14)H. Brunswig, 
nr)ae  rsiichiosc  P ui  vsr, n W.dcGruytC! r Rcfim 


(1926)  15)Pb.Naoum,  “Schiess-  und  Spreng- 
stoffe,”  Steinkopf,  Dresden(  1927)  16)Ph. 

Naoum,  “Nitroglycerine  anu  Nitroglycerine  Ex- 
plosives,” Williams  & Wilkins,  Baltimore(  1928) 
17)R. Molina,  "Esplodenti  e Modo  de  Fabricarli,” 
Hoepli,  Milano(1930)  18)P. Pascal,  “Ex- 

plosifs, Poudres,  Gaz  de  Combat,”  Hermann, 
Paris(1930)  19)H.Vennin,  E.Burlot  et  Lecorche, 
”Les  Poudres  et  Explosifs,”  Ch.  Beranger, 
Paris(1932)  20)A.Stettbacher,  “Die  Schiess- 
1 c *•  1 2H 


J.Pepin-Lehalleur,  “Traite  des  Poudres,  Ex- 
plosifs et  Artifices,”  Bailliere,  Paris(1935) 
22)C.Beyiing  & K.Drekopf,  “Spreugsioffe  und 
Zundmittel,”  Springer,  Berlin(1936)  23)J-Reilly, 
“Explosives,  Matches  and  Fireworks,” 
VanNostrand,  NY(1938)  24)E. E.Sancho, 

“Quimica  de  los  Explosivos,”  A.Aguado,  Madrid 
(1941)  2S)J.Bebie,  “Manual  of  Explosives, 
Pyrotechnics  and  Chemical  Warfare  Agents,” 
Wiley, NY(1943)  26)T.L. Davis,  “The  Chemistry 

„r  pOVT.j_r  antj  Explosives,  ' 'Wiley,  NY(  1943) 

27) M. Meyer,  “Explosives,”  Crowell, NY(1943) 

28) H.Kast  & L.Metz,  “Chemische  Untersuchung 

j__  c j 7 m \r:  ~ 

UCi  ^j/icng-  uiiu  ouuuotvukj  r iv  n 1^11*1*** 

schweig(  1944)  29)H.Blatt  et  al,  "Compilation 
of  Data  on  Organic  Explosives,  ” OSRD  Report 


F.Ladreda,  “Polvoras  y Explosivos  Modernos,” 
J.Morata,  Madrid,  Vols  1-5(1944-1948)  31) 

A.PerezAra,  “Tratado  de  Explosivos,”  Editorial 
Cultural,  LaHabana(1945)  32)P.P. Karpov, 


^Tniciatin®  ff  Go  si zdstO bore  Q^roni 

Mo  scow(1945)(in  Rus)  33)A. D.Shilling,  “Ex- 
plosives and  Loading  of  Ammunition,”  Oborongiz, 

1 1 n a t A \i  u u 

(vjo^CUYVV  1 ynuy  (,1U  i\ua;  jtyi ■.  LviiMavuJ>t  rwuuic^ 

et  Explosifs,”  Presses  Universitaires,  Paris 
(1947)  35)A,Mangini,  "Quaderni  di  Chimica 
Industriale  No  14,  Esplosrvi,”  Patron,  Boiogna 
(1947)  36)A.Stettbacher,  “Spreng-  und  Schies- 
stoffe,”  Rascher,  Ziirich(  1948)  37)C. Belgrano, 

“Gli  Esplosivi,  ” Hoepli,  Milano(  1952)  38)A. 

Stettbacher,  “Pblvoras  y Explosivos,”  G.Gili, 

R UCllO  S 7 A [ 3 (1957)  39)F- ItduPonr  de  Nemours 

& Co,  "Blaster's  Handbook,”  Wilmington(l952) 
40)Anon,  “Military  Explosives,”  Dept  of  the 


Budnikov  et  al,  "Explosives  and  Propellants,” 
Oborongiz,  Moscow(1955)(in  Rus)  42)A.G. 
Gorst,  “Propellants  and  Explosives”  Gosizdat- 
Oboronprom, Moscow  { 1957)  (in  Rus)  43)W,R. 
Tomlinson,  lr  & O.  E. Sheffield,  “Properties  of 
Explosives  of  Military  Interest”,  Picatinny  ^ 
Arsenal  Technical  Rept  No  1740,  Revision  1 
(1958)  44)11. a. Cook,  “The  Science  of  High 

Explosives,”  Reinhold, NY(1958)  45)G. Taylor 

& P.F.Gay,  “British  Coal  Mining  Explosives,” 

G.Newnes,  London(1958)  46)j. Taylor,  “Solid 
Propellent  and  Exothermic  Compositions,” 
Interscience,NY(1959) 


I a ♦ a r4  I ■ c t nl  Innrn/vl  C Aft  Pvnlrieiunc  nn#J 

Related  Items 

i)Expiosirs,  Bruxelies, Belgium  2)£xpiosives 
Engineer,  Wilmington, Del, USA  3)Explosi vstof fe, 

Manheim, Germany  4)Memorial  de  l'Artillerie 

Framfaise, Pari s, France  5}Memorial  des  Poudres, 
Paris,  France 


INDEX 


An  alphabetical  listing  of  items  discussed  in  this  volume,  which  may  not  necessarily  begin 
with  letter  A.  and  which  may  represent  alternate  names  of  items  or  compounds  already  listed 
alphabetically  in  the  text 
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Abbreviations,  Code  Names,  etc  Abbr  1 to  65 


Abbr  66  to  7 6 

Acetazidine  or  Azidine  A24-R  & A627-R 
Acrylic  Aldehyde  or  Acrolein  A96-L 
Note : It  was  used  during  WWI  by  the  French 
under  the  name  "Papite”  as  a CWA 
Active  Oxygen  A10I-L  & A515-L 


Actual  Sulfuric  as  Nitric  Acid  A90-R 
Actual  Sulfuric  as  Sulfuric  Acid  A90-L 
Acyl  and  Aryl  Derivatives  of  Azidodithio- 
carbonic  Acid  A632-R 
Aerojet  Propellants  A108-L 
Aerojet  Propellants,  See  under  Ammonium 
Nitrate  Blasting  Explosives,  High 
Explosives  and  Propellants  A350 (table) 


Akardit.  See  Acardite  A7-R 
Aldehyde.  See  Acetaldehyde  A14-L 
Aldolcondensation  Product  of  5- 
Aminotetrazole  A260-R 
Alkali  and  Alkaline  Earth  Salts  of  Azido- 
dithiocarbonic  Acid  A633_R 
Alkali  Amides.  See  under  Amides  A168-R 
Allylazidodithiocaxbonate  A632-L 

A1  rim  t onyn  AcStylids  A TO*  T 

Aluminum  Azide  A521-L 
Aluminum  Carbide.  See  under  Acetylides 
and  Carbides  A70-L 
Aluminum  Triazide  A521-L 
American  Ammonium  Nitrate  Dynamites 
A355  (table) 
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Dynamites  A368  (table) 

Ammonalmatrit.  See  under  Almatrites  A140-L 
Ammon*  Gelatine  Dynamite  and  Aramon- 
Gelignite  (British  Not-Permitted  (Ammo- 
nium Nitrate  Dynamites)  A368  (table) 


Ammonium  Acetate  A27-R 
AmsoQRivm- Aluminum  Alum  4A 
Ammonium  Azide  A521-L 
Ammonium  Azide  Ammonates  A521-R 
Ammonium  Azidodithiocarbonate  A634-L 
Ammonium  Chrome  Alum  A156-L 
Ammonium- Iron  Alum  A156*R 
Ammonium  Nitrate  A3 11  to  A340 
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Historical  A312 

Laboratory  Preparation  and  Manufacture 
A3 13  & A34 o' 


Explosive  and  Other  Properties  A318 
Uses  A334 

Analytical  Procedures,  General  A369 
Analytical  Procedures,  Spencer  Chemical 
Co  A379 
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High  Explosives  and  Propellants  A341 
to  A354 

Ammonium  Nitrate  Dynamite  (AND)  (American 
and  European  Types)  A355  to  A356 
Ammonium  Nitrate  Explosions,  Fires  and 
Hazards  A357  to  A363 


Ammonium  Nitrate  Explosives  of  Spencer 
Chemical  Co  A354  (table) 

Ammonium  Nitrate  Explosives,  Tests  of 
Spencer  Chemical  Co  [a)Cook-off  tempera- 
ture b)Detonation  velocity  c)Wax-gap 
and  d)Impact-friction  pendulum] 

A354  (notes) 

Ammonium  Nitrate  Fertilizer  Grade  (F'GAN) 
A364  to  A367 


AmiDoni tirri  Nitrstv  A3w7  to 

A368 

Ammonium  Nitrate,  US  Military  Specification 
Requirements  and  Tests  A3 70  to  A378 
Analytical  Procedures  for: 

Acardites  A9-L 


A678 


Acetal  A13-L 
Acetaldehyde  A15-L 
Acetic  Acid  A25-K 
Acetic  Anhydride  A30-L 


Acetone  A35-R 
Acetylides  A63-R 
Aluminum  A143-R 
Amatol  A164-L 
Ammonal  A292-R 
Ammonia  A303-L 
Ammonium  Nitrate  A369-L 
Aniline  and  Derivatives  A415 
An: sole  and  D geitrofivA  c A454 
Lead  Azide  A563  to  A576 
Lead  Azide  Explosives  A580  to  A587 
Sodium  Azide  A612-R  to  A619 
Aniline,  Azido  Derivatives  A629*L 
Aniline,  Azo  Derivatives  A646-L 
Aniline,  Azoxy  Derivatives  A665-L 

An i sole,  Azido  Derivatives  A629“R 

Anisole,  Azo-Derivatives  A646-L 
jAnisolw  A 2d  sy*  Dsri  v stive  s A665-R 
Antigrisou  (Explosifs)  A466-R 
Antimony,  Metal  A467-R 
Antimony,  Analytical  Procedures  A469  to 
A470 


Antimony  Triazide  A522-R 
Arsenic  Azide  A522-R 
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/irsenic  inaziae  njttrn 
Arsenium  Carbide.  See  under  Acetylides  and 
Carbides  A70-R 


Aryl  and  Acyl  Derivatives  of  Azidodithio- 
carbonic  Acid  A632-R 
Ascarite.  See  under  Asbestos  A494-L 
Asphaltines.  See  under  Asphalt  A496-R 
Auric  Imidoamide  A169"L 
Aurous  Azide  or  Gold  Azide  A536-L 


nustrxan  oramooaxs 
A zacyclo butadiene.  See  Azete  A518-R 
Azeotropic  Distillation  Method  for  Moisture 
Determination  A370-R  to  A371-L 
A zide-Styphnate-Aluminum.  See  ASA  A493"R 

Azidine  or  Acetazidine  A24-R  & A627-R 

Azodicarbonhydrazide  A271-L 

1,1* -Azo-5,5*  -di(p-tolyl)-tetr azole  A266-R 
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"Banana  Oil."  See  Amyl  Acetate  A393_L 
BARC.  See  under  Amohibious  Vehicles 


A393-L 

Barium  Acetylide  A70-R 
Barium  Diazide  A523-L 
Barium  Nitroaminoguanidine  A212-L 
Barium  Picramate  A242-L 
Belgian  Ammonium  Nitrate  Gelatin  Dynamites 
A368  (tabie) 

B enzal  aminoguanidini  urn- 1 ,6-di-nicro-  2- 

/ om  I rtgoTiOrtyl  Lkl  OIJ  dA  1 R ?fl22.1hy  dl-ZOn? 

A215-L 


4-Benzeneazodiphenylamine  or  4-Anilinoazo- 
benzene  A420-R 

Benzeneaaotrinitromethane  and  Derivatives 
A67-R 

Benzodiazole,  Benzopyrazole  or  Aminoindazole 
AZ24-L 


Benzohydryi  Azidodithiocarbonate  A633-L 
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under  Arainophenylperi  mi  dines  A246-L 

Benzovlacetylperoxide  or  Acetyl  benzoyl- 
peroxide  A54-R 

Benzoyl  Azidodithiocarbonate  A633-L 
Ben  zoylazidomethane  or  w-Azidoaceto- 
phenone  under  Acetophenone  .A47-R 
Benzozone  or  Acetyibenzoyiperoxide  A54-R 
Benzyl  Abietate.  See  under  Abietic  Acid 


Benzyl  acetylperoxide  or  Acetyibenzyl- 
peroxide  A55-L 

l-Benzyl-5*amino-vic-tetrazole.  See  5-Amino 
1-ben  zyl-vic-tetrazole  A191-L 

Benzyl  Azidodithiocarbonate  A633-L 
Be  nzylper acetate  or  Acetylbenzylperoxide 
A55-L 


Beryllium  Acetylide  A70-R 
R Azid?  A ^ ?4* R 

Beryllium  Carbide.  ,See  under  Acetylides 
and  Carbides  A71-L 
Beryllium  Diazide  A524-R 
Binding  Energy.  See  under  Atomic  Energy 
A500-R 

Biphenylamines.  See  under  Ami  no  biphenyls 

A mi_T 
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Biphenyldiazonium  Perchlorate.  See  under 
Aminobiphenyls  A191-L 
p,p*  -Biphenylenebisazotrinitromethane  A67-R 
Bis-(aminoguanidinium)-l,6-dinitro-2- 
(aminoguanyl)-biguanidine  A214-R 
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nitrobiguanidine  A215*L 
Bis(carboxamide)- acetylene.  See  Acetylene- 
dicarboxamide  A65-L 
4,4* -Bis-dimethylamino-benzophenone.  See 
Auramine  A507-R 

Bis(l,l-dimethyl-2-propynyl)-peroxide.  See 
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Bis(hydroxyl amino)  Azide  A525-L 

Bis(hydroxymethyl)methylaminomethane.  See 
Aminomethylpropanediol  A232-R 
4-[Bi  s(p-hydroxyphenyl)methylene]-  2, 5* 

cyclohexadien-l-one.  See  Aurine  A508-R 
Bis(l-methyl-l-ethyl-2-propynyl)-peroxide,  See 
under  Acetyiene  Hydroperoxides  A66-R 
Bis(3-methyl-2,4,6-trinitrophenyl)-amine.  See 
i4l  ,6'  -Hexanitro-33'  -dimethyl- 
diphenyl  amine  A443-R 

Bismuth  Azidodithiocarbonate  A636-R 
Bismuth  Triazide  A525-L 

1.2- Bis(2-nitramino-2-imidazolin-  1-yl  Methane 
A220-R 

Bis-  l-(2-nitroamino-2-imidazolinyl)-ethane 
A220-R. 

1 .2-  Bi  s(2-nitrimino-  3_nitro-  1-imi  dazolidy  1)- 
ethane  A220-R 

Bis-l-(3-nitro-2-imidaZolidonyl)ethane 

A221-L 

1.2- Bis(3'nitro-2-oxo-  l-imidazoiidyi)etnane 
A221-L 

Nl,N*-Bis[a-tetr3zoly!-5]“hexazidiene  A 2<$0-R 
Bistriazomesidine.  See  2-Amino-4,6-diazido- 
mesitylene  A224-R 
Bitumen.  See  under  Asphalt  A496-R 
Blasting  Gelatin  A147  (table) 

Boron  Azide  A525-L 
Boron  Carbide.  See  under  Acetylides  and 
Carbides  A 7 1 - T_ 

Boron  Triazide  A525-L 
British  Ammonals.  See  under  Ammonals 
A289,  A290  & A291-R 

British  Ammonium  Nitrate  Gelatin  Dynamites 
A3o8  (table) 


Bromine  Azide  A 5 ? 5-R 

Bromine  Azidodithiocarbonate  A<535-R 
p-Bromobenzoyl  Azidodithiocarbonate  A633"L 
1,4-Butanedicarboxylic  Acid.  See  Adipic 
Acid  A104-L 

Buranolaniline.  See  Anilinobutanol  A422-R 
Butyl carbinol.  See  Amyl  Alcohol  A394-R 
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J__  * A I ’ J _ A T 

v^ktuiiuuiik  ALciyimc:  i~w 

Cadmium  Amide  A169"L 
Cadmium  Azide  A526-L 
Cadmium  Azidodithiocarbonate  A636-R 
Cadmium  Diazide  A526-L 
Calcium  Acetate  A28-L 
Calcium  Acetylide  A71-L 
Calcium  Azide  A527-R 
Calcium  Carbide.  See  under  Acetylides  and 
Carbides  A71-R 

Calcium  Carbide-Ammonia-Acetylene  A72-L 
Calcium  Diazide  A527-R 
Calcium  Diazide  Dihydrazinate  A528-L 
Calcium  Hydrogen  Acetylide  A72-L 
Caiibers(faiiii meters  vs  Inches) 

A675  (Table  II) 

Calibers  of  US  Ammunition  and  Weapons 
A386  to  A3 87 

Caliver.  See  under  Arquebus  A488-L 
Carbenes.  See  under  Asphalt  A496-R 
Carbides.  See  Acetylides  and  Carbides 
A69-R 

Carbonyl  Diazide  A528-L 
Cellulose  Triacetate.  See  under  Acetyl 
Celluloses  A53*R 
Cerium  Azide  A528-R 
Cerium  Hydroxy di azide  A528-R 

Cerium  Triazide  A528-R 
Cesium  Azide  A528-R 
Cesium  Carbide  A72-L 
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A501-L 

Chishokianin.  See  2,3,4,6‘Terranitroaniline 
A4I1-L 

Chlorine  Azide  or  Chloro azide  A529^L 

Chlorine  A zidodi chi o carbonate  A635-R 


A680 


Chloroazidine.  See  Azobis-(chloroformamidine) 
A652-R 

Chloronitroanilinopropanols  A436-R 
Chromium  Azide  A530-L 
Chromium  Azide  Complexes  A530-R 
Chromium  Carbide.  See  under  Acecylides  and 
Carbides  A72-R 

Chromylacetylacetone.  See  under  Acetyl- 
acetone  A53-R 

Clean  Bomb  (Hydrogen  Bomb).  See  under 
Atomic  Bomb  A499"R 
Cluster,  Aimable.  See  Aimable  Cluster 
A114-L 

Cobalt  Azide  A531-L 
Cobalt  Azide  Complexes  A531-R 
Cobaltous  Azetylide  A72-R 
Cobalt  Triazide  A531"L 
Cold- Working.  See  Autofrettage  A510-R 
Complex  of  Trinitroanisole  A453“R 
Compound  C^HftNjOsP,  called  in  Ger 
M S alp  e t er  s aur  e-  di  a z opho  sph  en  yl  s aure 
A246-R 

‘'Cook-Off”  Temperature  Test,  as  conducted 
at  the  Spencer  Chemical  Co,  Kansas 
City,  Mo  A354  (Note  a) 

Copper  Acetylides,  Analytical  Procedures 
A 74  to  A 76 

Copper  Azidodithiocarbonate  A636-R 
Copper  Nitroaminoguanidine  A212-R 
Copper  Picramate  A242-L 
Corallin.  See  Aurine  A508-R 
Critical  Mass.  See  under  Atomic  Energy 
A501-L 

Crossbow.  See  Arbalest  A477-L 
CSE  Commission  des  Substances  Explosives 
(Explosif)  (1902).  See  under  Aluminum  — 
Containing  Explosives  A146-L 
Cupric  Acetylide  A74-L 
Cupric  Amminoazide  and  Complexes  A533-L 
Cupric  Azide  A532-L 
Cupric  Azide,  Basic  A533-L 
Cupric  Azide  Complexes  A533-R 
Cuprous  Acetaldehyde  Catalysts  A74-L 
Cuprous  Acetylide  A72-R 
Cuprous  Acetyl ide-Chloride  A74-L 
Cuprous  Azide  A534-L 
Cuprous  Hydrogen  Acetylide  A74-L 


Cutocellulose.  See  under  Adipocellullose 
A 104- A 105 

Cyanodiphenylamine.  See  Anilinobenzonitrile 
A422-L 

Cyanogen  Azidodithiocarbonate  A635-R 
Cyanora ethane.  See  Acetonitrile  A45-L 
Cyclocrimethyleneimine.  See  Azetidine 
A51SVL 


D 

"Davy  Crocket"  (Atomic  Rifle)  A504-R 
DD  Device.  See  under  Amphibious  Devices 
for  Tanks  A392-R 
Destruction  of  Amatol  A162-L 
Destruction  (Disposal)  of  Lead  Azide 
A574  & A575 

Detonation,  Advance.  See  Advance  Deto- 
nation A105-R 

Diacetin.  See  under  Acetins  A31-R 
Diacetone  Diperoxide.  See  under  Acetone 
Peroxides  A41-R 

Di  acetophenone  Diperoxide.  See  Aceto- 
phenoneperoxide,  Dimeric  A48-R 
1, 9-Diacetoxy- 2- acetyl-4, 6, 8-trinitro-2, 4,6,8- 
tetrazanone  or  H-16.  See  under  Aceryl- 
diacetoxytetra  za  nonane  A57-R 
1,2-Diacetylethane.  See  A cetonyl acetone 
A46-R 

Diacetyl  methane.  See  Acetylacetone  A53’L 
Dialkyltetrazolyl  ureas.  See  under  Alkyl- 
tetrazolyl  ureas  A132-R 

Diaminoazoxybenzene.  See  Azoxydianiline 
A665-L 

Diaminohydroxytriazine  Picrate.  See  Ammeline 
Pi  crate  A274-R 

4,6-Diamino-s-triazin-2-ol.  See  Ammeline 
A273-R 

Diammonium-5- nitr  ami  noted  azole  A260-L 

Diazoacetylacetoneanhydride.  See  4-Acetyl- 
5*methyl-l,2,3-oxydiazole  A84-L 
Diazotetr  a zolephenyl hydrazine.  See  N'- 
Amino-N'  -phenyi-Ns-(tetrazoIyl-5)- 
triazine  A247-R 

Dibenzopyridine.  See  Acridine  A94-L 


A681 


1 f 1- (N- Di  chi  ora  mi  no)- 5*  (p-t  ol  yl )- a- te  tr  a zol  e 
A266-R 

N,N'  -Dichloroazodicarboxaroidine,  See  a, a'  - 
A zobjs- (chloroform  ami  dine)  A652-R 

Die  upro  acetaldehyde  A73-L 
Diethoxyazobenzene.  See  Azophenetole 
A656-R 

Diethoxy  azoxy  benzene.  See  Azoxyphenetole 
A670-R 

I, X-Diethozy ethane.  See  Acetal  A13-L 
3-  (/3-Diechyl  amiQoethyl)-a-  sym-tri  azole 
Dipicrate  A2Q9-L 

1, 1- Diethyl- 2-propynyIhydroperoxide.  See 
under  Acetylene  Hydroperoxides  A66-L 
7,8-Dihydroacenaphthylene.  See  Acenaphthene 
A12-L 

Di hy dr o-diketo- anthracene.  See  Anthraquinone 
A459-R 

5, 6-Dihydro- 6- imino-s-triazine-2,4(lH,3H)- 
dione.  See  Ammelide  A273-L 
Dihydroxyazobenzene.  See  Azophenol 
A657-L 

1,1'  -Dihydroperoxy-1,1'  -dicyclohexyl  acetylene. 
See  under  Acetylene  Hydroperoxides 
A66-R 

Dihydroxyazobenzene.  See  Azophenol 
A657-L 

Dihydroxyazoxyphenol.  See  Azoxyphenol 
A671-L 

4,4’ -Dihydro xyfuchsone.  See  Aurine  A508-R 
Dihydro  xypropyl  amine.  See  A mi  nopropanediol 
A251-L 

2,5-Diketohexane.  See  Acetonylacetone 
A46-R 

Dimeric  Acetone  Peroxide  A41-R 
Dimeric  Acetophenone  Peroxide  A48-R 
Dime thoxy azobenzene.  See  Azoanisole 
A646-L 

Dimethoxyazoxybenzene.  See  Azoxyanisole 
A665-R 

Dimethylaniline.  See  Aminoxylene  A272 
Dimethyl  azobenzene.  See  Azotoluene  A660-L 
Dim  ethyl  azoxybenzene.  See  Azoxytoluene 
A672-L 

Dimethyl  azoethane.  See  Azopropane  A658-R 
Dim  ethyl  azoxy  ethane.  See  Azoxypropane 
A671-R 


2.5- Dimethyl-2,5-di-(t-butylperoxy>3-hexyne. 
See  under  Acetylene  Hydroperoxides 
A66-R 

2.5- Dimethyl-2,5-dihydroperoxy-3-hexyne. 

See  under  Acetylene  Hydroperoxides 

A66-R 

Dime thyldiphenyl amine.  See  under  Anilino- 
xylene  A443-L 

Dimethyleneraethane.  See  Allene  under 
Allenic  Compounds  A133-R 
Dimethylketone.  See  Acetone  A33-R 
Di-(3-methylpentynyl)-3-peroxide.  See  under 
Acetylene  Hydroperoxides  A66-R 
2,3-Dimethyl-  l-phenyl-3-pyrazolin-5-one. 

See  Antipyrine  A471-R 
1, 1-Dimethyl- 2-propynylhydroxide.  See  under 
Acetylene  Hydroperoxides  A66-L 
Diphenyl  ami  no  carboxylic  Acid.  See  Anilino- 
benzoic  Acid  A421-R 
Diphenyl  amino-4- diazonium  Hydroxide.  See 
p-Anilinobenzenediazonium  Hydroxide 
A421-L 

Diphenylcarbamylallyl amine.  See  N-Allyl- 
N*  ,N' -diphenylurea  A137-R 
Diphenyldiimide.  See  Azobenzene  A646-R 
Diphenylmethylamine.  See  under  Aoilino- 
toluene  A438-L 

N,N-Diphenylurea.  See  Acardite  I A7-R 
Dipotassium  Hydrazobenzene-Aaobenzene 
A647-L 

Dipotassium  Salt  of  Nitroacetic  Acid  A27-R 
Disol.  See  2,4-Dinitroanisole  A448-L 
Distyryl azobenzene.  See  Azostilbene  A659"R 
Nl,N*-(DitetraaoIyl-5)*hexazadiene  A260-R 
Dithio carbonic  or  Dithioformic  Acid,  Azido 
Derivatives  A632 

Ditolylamine.  See  Aoilinoxylene  A443“L 
DUKW.  See  under  Amphibious  Vehicles 
A393-L 

Dynamite  0 (French  Ammonium  Nitrate,  Non- 
Permitted  Gelatin)  A368  (table) 


E 

Effective  Oxygen.  See  under  Available 
Oxygen  AJ15-R 


A682 


Elvanol.  See  under  Aminoethylpolyvinyl 
Alcohol  A205-R 

Energies,  Activation.  See  Activation 
Energies  A1Q0-R  & A101-L 
Enheptin.  See  2-Amino-5-nitrothiazole 
A263-R 

Erosive  Action  of  ACT  5 Propellant  A98-L 
Erythric  Acid  of  Brugnatelli.  See  Alloxan 
A134-R 

Erythritetetranitrate  A147  (table) 

Eehanal.  See  Acetaldehyde  A14-L 
Ethanaloxime.  See  Acetaldoxime  A16-L 
Ethanaraide.  See  Acetamide  A16-R 
Ethaneamidine  or  Ethenylamidine.  See  a- 
Amino-a-imidoethane  A223-L 
Ethanoic  Acid.  See  Acetic  Acid  A25'L 
Ethanoic  Anhydride.  See  Acetic  Anhydride 

A29-R 

Ethanolamine.  See  Aminoethanol  A200-L 
/3-Ethanolaniline.  See  under  Arainophenyl- 
ethanol  and  under  Anilinoethanol 
A245-R  & A424-L 

Ethanoyl  Bromide,  See  Acetyl  Bromide 

A55-R 

Ethanoyl  Chloride.  See  Acetyl  Chloride 
A56-R 

Ethine.  See  Acetylene  A58-R 
Ethoxy  acetanilide.  See  Acetamidophenetole 
A20-L 

Ethoxyaminobenzene.  See  Aminophenetole 
A240-R 

Ethoxyaniline,  See  Aminophenetole  A240-R 
Ethyl  Abietate,  See  under  Abietic  Acid  and 
Derivatives  A3-R  & A4-L 
Ethylacardite.  See  Acardite  III  A8-R 
Ethylaldehyde.  See  Acetaldehyde  A14-L 
Ethylamine.  See  Aminoethane  A199-R 
3- OS-Ethyl  aminoethyl-a-sym-tri  azole) 
Dipicrate  A208-R 

E thy  1 am inotetr azoles.  See  under  Amino* 
ethyltetrazoles  A206-R 
5-Ethylamino-a-tetrazole  A207-L 
Ethyl aminotriazoles.  See  under  Amino- 
ethyltri  azoles  A207-R" 

Ethyl azaurolic  Acid.  See  under  Azaurolic 
Acids  A517-R 

Ethylene  Aldehyde.  See  Acrolein  A96-L 
Ethylenecarboxylic  Acid.  See  Acrylic  Acid 
A96-R 


N,N( -Ethyl  eneguanidine.  See  under  Amino- 
imidazolines  A219-L 
Ethylenenaphthalene.  See  Acenapbthene 
A12-L 

Ethylidene  Diethyl  Ether.  See  Acetal  AI3-L 
Ethylidene  Oxide.  See  Acetaldehyde  A14-L 
Ethylidene-(2,4,6-trinitrophenylhydrazine). 

See  Acetaldehydepicrylhydrazone  A15-L 
I-  Ethyl-  2-nitramino-A2-imid  azoline  A220-R 

l-Ethyl-2-nitrimino-3-nitroimidazolidine 
A221-L 

3-Ethyl-l,2,4-triazoIe-4-diazonium  Hydroxide 
A208-R 

Ethyne.  See  Acetylene  A58-R 
Eulite  and  its  mercuric  salt  A67-R 
European  Ammonium  Nitrate  Dynamites.  See 
under  Ammonium  Nitrate  Dynamites 
A356  (tables) 

Explosif  amylace.  See  Amide  (Explosif) 
A168-L 

Explosif s antigrisouteux  A467-L 

Explosion  and  Ignition  of  Anesthetic  Agents 
A402-L 

Explosives  Containg  Aluminum  A147  to 
A151 

Explosophores.  See  under  Auxoexplose 
A5I3-R 


F 

Fallout.  See  under  Atomic  Energy  A502-L 
False  Ogive  or  Ballistic  Cap  A483-L 
Felixdorf  Factory  Ammionals  (Austrian) 

A289  (table) 

Ferric  Azide  A543-L 
Ferric  Azide,  Basic  A543-R 
Ferric  Triazide.  See  Iron  Azide  A543-L 
Ferrous  Acetylide.  See  Iron  Acetylide 
A76-R 

Ferrous  Azide  A543-L 

Fission  Bomb,  See  under  Atomic  Bomb  A499-L 
Fission  Reaction  A50I-L 
Fluorine  Azide  A536-L 
Forcites  (Belgian  and  French)  A368  (table) 
Formula  226(Explosif).  See  under  Aluminum  — 
Containing  Explosives  A146*L 
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French  Ammonals.  See  under  Ammonals 
A290  (table) 

French  Ammonium  Nitrate  Gelatin  Dynamites 
A 368  (table) 

Fulminating  Gold.  See  Auric  Imidoamide 
A169-L 

Fulminating  Silver  of  Berthollet.  See  Silver 
Amide  under  Amides  A169-R 

3‘Furazanacetic-4-carboxylic  Acid  A67-R 

Furyl acetamide.  See  Acetamidofuran  A19-L 

Fusion  or  Hydrogen  Bomb.  See  under  Atomic 
Bomb  A499-L 

Fusion  Reaction.  See  under  Atomic  Energy 
A501-L 


G 

Galcit.  See  under  Asphalt-Perchlorate 
Castable  Propellants  A497-L 

Gallium  Triazide  A536-L 

Gas  Explosions,  Action  on  Solid  Propellants 
of  A98-L 

Gasometric  Method  for  Determination  of 
Ammonium  Nitrate  Content  by  Means  of 
Nitrometer  A373  to  A3 77 

Gelatin.  See  under  American  Dynamites, 
Gelatinized  A167-L 

Gel-Coalites.  See  under  American  Dynamites, 
Gelatinized  A167-L 

German  Ammonals.  See  under  Ammonals 

A289  to  A291 

Gessner  Projectile.  See  under  Arrow  Pro- 
jectile A488-R 

Glycerol-jS-monoamine.  See  2- Amino  1,3- 
propanediol  A251-L 

Glyceryl  Diacetate.  See  Diacetin  under 
Acetins  A31-R 

Glyceryl  Monoacetate.  See  Monacetin  under 
Acetins  A31-R 

Glyceryl  Triacetate.  See  Triacetin  under 
Acetins  A31-R 

Glycine  or  Gly cocoll.  See  Amino  acetic  Acid 
A178-L 

Glycoluril.  See  Acetylenediurein  A65-L 

Gold  Acetylide  A76^R 


Gold  Amidoimide.  See  Auric  Imidoamide 
A169-L 

Gold  Azide  A536-L 

Gold  Azidodithiocarbonate  A637-L 

Gold  Carbide  A76-R 

Goudronite,  Ammonite.  See  under  Ammonite 
A310-L 

Grisonite  or  Mineral  Rubber.  See  under 
Asphalt  A496-R 

Gri sou-dynamite  roche  (French  Non- 
Permissible  Gelatin)  A368  (table) 
Grisounite  couche  and  Grisounite  roche 
A466-R  (table) 

Guanazine.  See  4-Aminoguanazole  A209-R 
Guanidine  Azidodithiocarbonate  A636*L 
Guanidinium-5-nitraminotetrazole  A260-L 
Guanidinoethyl  ami  noimidazoline.  Nitrated 
Derivatives.  See  under  Aminoimidazolin- 
l-yl-ethylguanidine  A222 
Guanylaminotetrazole.  See  under  5-Amino- 
tetrazole  A260-R 
Guanylhydrazine.  See  Aminoguanidine 
A210-L 


H 

’’Hj”  Symbol  for  N- Acetyl  amidomethyl- 
hexamethylenetetraminemononitrate 
A54-L 

H-16.  Symbol  for  2- Acetyl- 1,9-diacetoxy- 
4,6,8-trinitro-2,4,6,8-tetrazanonane 
A57-R 

Halogen  Derivatives  of  Anilinoethanol 
A430  to  A431 

Harquebus.  See  Arquebus  A488-L 

H Bomb  (Hydrogen  Bomb).  See  under  Atomic 
Bomb  A499-L 

Heavy  Metal- Salts  of  Azidodithiocarbonic 
Acid  A636-R 

Heptryl.  See  N-(2,4,6-Trinitro-N-nitranilino) 
-trimethylolmethane  Trinitrate  under 
Anilinotrimethylolmethane  and  Derivatives 
A441-R  to  A442-R 

Heptylamines.  See  Aminoheptanes  A215-R 

Hexahydro-2,4,6-triimino-s-triazine.  See  1- 
Aminohexahydro-2,4,Crtriimino-sym-triaznie 
A216-L 


! 
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2,5-Hexanedione.  See  A cetonyl acetone 
A46-  R 

Hexanedionic  Acid.  See  Adipic  Acid  A104-L 
5-Hexen-2-one.  See  Allylacetone  AI35-R 
Hexylamines.  See  Aminohexanes  A215-R 
High  Pan  Fires  (in  manuf  of  Ammonium 
Nitrate)  A318-L 
Homologs  of  P entry  1 A429-R 

Hybrid.  See  under  Auxoexplose  A514-R 
Hydrazine  Azide  A536-R 
Hydrazine  Azide  Hemiammonate  A537-L 
Hydrazine  Azide  Monohydrazinate  A537-L 
Hydrazoic  Acid.  See  under  Hydrogen  Azide 
A539-L 

Hydrogen  Arsenide.  See  Arsine  A491-L 
Hydrogen  Azide  A537-R 
Hydrogen  Azide,  Anhydrous  A538-L 
Hydrogen  Azide,  Aqueous  or  Hydrazoic  Acid 
A539-L 

Hydroperoxides  and  Peroxides  of  Acetylene 
Derivatives  A 66 

Hydroxy  amines.  See  Aminoalcohols  A179-L 
2-Hydroxy- 2-aminoimidazolidine.  See  2- 
Amino-2-imidazolinol  A222-L 
Hydroxyaminomethylpropane.  See  Amino- 
methylpropanol  A233-L 
Hydroxy aminopropane.  See  Aminopropanoi 
A233-L 

/3-Hydroxyburyraldehyde.  See  Acetaldol 
(Aldol)  A15-R 

Hydroxy  diphenyl  amine.  See  Anilinophenol 
A433-R 

/S-Hydroxyethylamine.  See  Aminoethanol 
A200-L 

^-Hydroxyethylaminobenzene  or  jS-Hydroxy- 
ethylaniline.  See  under  Anilinoethanol 
A424-L 

l-(2-Hydroxyethyl)- 2-nitr  amino- AMmidazoline 
A220-R 

N-(j9-Hydroxyethyl)-N'  -phenyl- 1,2-diamino- 
ethane.  See  Anilinoethylaminoethanol 
A431-L 

1- Hydroxy-2-propanone.  See  Acetol  A33-R 

2- Hydroxy-3»4,6-trinitroacetanilide.  See  under 

Acetamidophenol  A21-R 
Hypnone.  See  Acetophenone  A47-L 


I 

Ignition  and  Explosion  of  Anesthetic  Agents 
A402-L 

Iminodi hydropurine.  See  Aminopurine  A254-L 
Iminodihydrotriazine.  See  Aminotriazine 
A267-L 

2-Imino-l,3,4-thiadiazoline.  See  under 
Aminothiadiazole  A262-R 
Impact- Friction  Pendulum  Test  as  conducted 
at  the  Spencer  Chemical  Co,  Kansas 
City,  Mo  A354  (Note  d) 

Inorganic  Amides  and  Imides  A168  to  A 170 
Inorganic  Azides  A520  to  A625 
Introduction  (to  this  volume)  I-H 
Iodine  Azide  or  Iodoazide  A542-R 
Iron  Acetylide  A76-R 
Iron  Azide  A543-L 
Iron  Carbide.  See  under  Acetylides  and 
Carbides  A76-R 
Iso-Amylpicrate  A399-R 
Iso-Amylureidoacetyl  Azide  A399-R 
2-Isocyanate  Benzoylazide.  See  2-Azido- 
formylphenylisocyanate  A638-R 
Iso-Me-NENA.  See  Nitraminopropanol  Nitrate 
under  Aminopropanoi  s A253*L 
Isooctoic  Acids,  Aluminum  Soaps  A155-R 
Isopicramic  Acid.  See  2,6-Dinitro-4-amino- 
phenol  under  Aminophenol  A243-R 
Isoxazole,  Amino-Diazo-and  Nitro-Derivatives 
A 67 

a-Isoxazoleazotrinitromethane  A67-R 
Isoxazolecarboxylic  Acids  A67 
4-(3-Isoxalyl)-3-furazancarboxylic  Acid, 

Silver  Salt  A67-R 
Italian  Ammonals  A291R 
Italian  Military  Aluminized  Plactic  Explosive 
A148-L 


J 

Japanese  Explosives: 

Ammonyaku  A383-L 
Angayaku  A402-R 

Chishokianin  (2,3,4,6-Tetranitroaniline) 
A411-L 


A685 


Type  91  (2,4,6-Trinitroanisole)  A450-L 
Type  A or  A(ko)  Explosive  A119-L 
JATO.  See  under  A TO  A497-R 


K 

Kaliialmatrit.  See  under  Almatrites  A140-L 
2-Ketotrimethyleneimine.  See  2-Azetidinone 
A519-L 

KI- Starch  Test.  See  Abel’s  Test  A2-L 
Kreulen,  Aluminum  Block  of  A145-L 


L 

Lanthanum  Triazide  A544-R 
Lead  Acetates.  See  under  Acetates  A28 
to  A29 

Lead  Aceto-Bromate  A29-L 
Lead  A ceto- Chlorate  A29-L 
Lead  Aceto-P  erchlorate  A29-L 
Lead  Aceto-Sodium  Perchlorate  A29‘L 
Lead  Acetylide  A76-R 
Lead  Azide  (Lead  Diazide)  (LA)  A545  to 
A556 

General  Properties  A545  to  A55 0 
Laboratory  Preparation  A546 
Manufacture  of  Dextrinated  Lead  Azide 
A547 

Explosive  Properties  A548 
Destruction  (Disposal  or  Killing)  of  Lead 
Azide  A550 

Uses  of  Lead  Azide  A551 
Lead  (IV)  Azide  A556-L 
Lead  Azide  Basic  A555-R 
Lead  Azide  Explosive,  Primer  and  Deto- 
nator Compositions  A576  to  A580 
Analytical  Prodedures: 

Analysis  of  an  Unknown  Sample  A580-R 
Analysis  of  mixtures:  LA,  SbaSj, 
Pb(SCN)j  & KClOj  A580-R  to  A 584- R 
Analysis  of  Mixtures:  LA,  SbaSj,  KClOj, 
glass  & shellac  A585-R 
Analysis  of  Mixtures:  LA,  Ba(NO»)a, 
basic  LSt  & SbaSj  A586-L 


Analysis  of  Mixtures:  LA  & A1  A587-R 
Lead  Azide,  Plant  Analytical  Procedures 
A 563  to  A576 

Determination  of  Lead  Nitrate  A563 
Detn  and  Tests  for  Dextrin  A564 
Analysis  of  Lead  Nitrate  Dilution  Tank 
A565 

Analysis  of  Sodium  Azide  Liquor  A565 
Analysis  of  SA  Peek  Tank  A567 
Analysis  of  SA  Dilution  Tank  A567 
Detn  of  Lead  Azide  by  the  US  Military 
Specification  Method  A567  to  A57O 
Detn  of  LA  by  the  US  Navy  Method  A570-L 
Detn  of  LA  by  the  British  Method  A570-R 
Detn  of  Total  Lead  Content  in  LA  A571-R 
Detn  of  Acidity  in  LA  A571-R 
Detn  of  Solubility  of  LA  in  HaQ  A572-L 
Detn  of  Sand  Test  Value  for  LA  A572-L 
Detn  of  Moisture  in  LA  A572-3 
Detn  of  Ball  Drop  Test  Value  for  LA 
A573-L 

Analysis  of  Ethyl  Alcohol  Solution  A573-R 
Analysis  of  "Killing  Tank"  Liquid  A573-R 
Analysis  of  Nitric  Acid  Used  for  "Killing” 
LA  A574-L 

Disposal  of  Laboratory  Samples  Containing 

LA  (by  Various  Methods)  A574-R  to 
A575 

Laboratory  Test  for  the  Presence  of  LA 
A575-R 

Lead  Azide,  Various  Military  Types  A557 
to  A563 

Dextrinated  LA,  Type  I(US)  A557&A559 
British  (Service)  LA  A557  & A559 

Colloidal  LA,  Type  II(US)  A558  & A559 
PVA  (Polyvinylalcohol)  LA  A558&A559 
Dextrinated  Colloidal  LA  A558  & A559 
RD-1333  LA  A558  & A559 

RD-1343  LA  A558  &A559 

RD-1352  LA  A559  & A560 

Lead  Azidodithiocarbonate  A637-L 
Lead  Imide  A169-L 
Lead  Nitroaminoguanidine  A212-R 
Lead  Picramate  A242-R 
LeRoux  (Explosif)  A148-L 
Liardet  Powder.  See  Acme  Powder  A93-R 
Liquid  Air(or  Liquid  Oxygen>Aluminum 
Explosives  A154-L 
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List  of  Abbreviations,  Code  Names,  Symbols, 
etc  Abbr  1 to  Abbr  65 
List  of  Abbreviations  for  Books,  Periodicals, 
etc  Abbr  66  to  Abbr  76 
Lithium  Acetylides  and  Lithium  Carbides 
A77 

Lithium  Aluminohydride.  See  Aluminum- 
Lithium  Hydride  A154-R 
Lithium  Azide  A588 


M 

Magnesium  Acetylide  A77-R 
Magnesium  Arsenide  A491-L 
Magnesium  Carbide  A77-R 
Magnesium  Diazide  A589"R 
Magnesium-Methanol  Explosives  A155-L 
Manganese  Acetylide  A78-L 
Manganese  Carbide  A78-L 

Manganese  Diazide  A589-R 

Mercuric  Azide  A590-L 
Mercuric  Azidodithiocarbonate  A637-L 
Mercurous  Azide  A591-L 
Mercury  Acetylides  A78 
Mercurous  Azidodithiocarbonate  A637-L 
Mesidine.  See  Aminomesitylene  A224-R 
N,N' -Mesoxalyl  Urea.  See  Alloxan  A134-R 
Meta.  See  Metaldehyde  under  Acetaldehyde 
A14-R 

Metal  ammonium.  See  Ammonium  Metal  A310-R 
Metaldehyde.  See  under  Acetaldehyde  A14-R 
Methanol- Aluminum  (or  Magnesium)  Explo- 
sives A155-L 

Methazonic  Acid.  See  Mononitroacetaldoxime 
A16-L 

Methoxy acetanilide.  See  Acetamidoanisole 
A17-L 

Methoxyaminobenzenes.  See  Aminoanisoles 
A182-L 

Methoxybenzaldehyde.  See  Anisaldehyde 
A444-R 

Methoxybenzaldehyde- phenylhydrazone.  See 
Anisaldehydephenylhydrazone  A445-L 
Methoxybenzene.  See  Anisole  A448 
Methoxybenzoic  Acid.  See  Anisic  Acid 
A446-R 


Methoxybenzoylazide.  See  Anisoylazide 
A456-L 

Methoxybenzyl  Alcohol.  See  Anisyl  Alcohol 
A456-R 

Methoxyphenylaminotetrazoles.  See  under 
Aminomethoxyphenyltetrazoles  A228-L 
Methoxyphenyltetr azole.  See  Anisyltetrazole 
A457-L 

Methyl  Abietate.  See  under  Abietic  Acid 
A4-L 

Methylacardite.  See  Acardite  II  A8-L 
Methylacetanilide.  See  Acetamidotoluene 
A22-L 

Methylacetyl  Ether.  See  Acetone  A33-R 
Methylamine.  See  Aminomethane  A225-R 
Methylaminoguanidines.  See  under  Amino- 
methylguanidines  A231-L 
Methylaminonitroform.  See  Aminomethane 
Nitroform  A227-R 

Methyl aminophenols.  See  Aminocresols 
A193-R 

Methylaminotetrazole.  See  Aminomethyl- 
tetrazole  A233-R 

Methyiaminothiazole.  See  Aminomethyl- 
thiazole  A234-R 

Methylaminotri azole.  See  Aminomethyltri- 
azole  A235-R 

Methylaminotriazole.  See  Aminomethyltri- 
azole  A235-L 

Methyl  aniline.  See  under  Aminotoluenes 
A264-R 

Methyl azaurolic  Acid.  See  under  Azaurolic 
Acids  A5I7-R 

Methyl  Azidodithiocarbonate  A633-L 
Methylbiphenylamine.  See  Aminomethyl- 
biphenyl  A229"L 

Methyl  Cyanide.  See  Acetonitrile  A45-L 
Methyldiphenylamine.  See  under  Anilino- 
toluene  A438-L 

N-Methyldipicryl amine.  See  2,4,6, 2’  ,4'  ,6’- 
Hexanitro-N-methyl-diphenyl  amine  A440-R 
3-Methyl-3-hydroperoxy-l-butyne.  See  under 
Acetylene  Hydroperoxides  A66-L 
3-Methyl-3-hydroperoxy-l-pentyne.  See  under 
Acetylene  Hydroperoxide  A66-L 
a-Methylisoxazolecarboxylic  Acid.  See  under 
Acetylene-Nitric  Acid  Reaction  Studies 
A67-L 
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1-Methyl- 2-nitramino-A2*imidazoline  A220-R 

1-Methyl- 2-nitrimino-3-nitroimidazolidine 

A221-L 

Methylnonylthiuronium  Picrate  A69-L 
Methylphenylamines.  See  under  Amino- 
toluenes  A265 

Methylphenylether.  See  Anisole  A448 
Methylphenylketone.  See  Acetophenone 

A47-L 

Methylphenylketoxime.  See  Acetophenone- 
oxime  A49-L 

Methyl  Picrate.  See  2,4,6-Trinitroanisole 
A450-L 

Methylpyrrylketone.  See  Acetylpyrrole  A86-R 
Military  Nitrate  of  Ammonia.  See  Amatol 
A158-L  & A163-R 

Mineral  Pitch.  See  Asphalt  A496-L 
Mineral  Rubber  or  Gilsonite.  See  under 
Asphalt  A496-R 

Moisture  Determination  in  Ammonium  Nitrate 
by  Azeotropic  Distillation  A370-R  to 
A371-L 

Monacetin.  See  under  Acetins  A31-R 
Monoethanolamine.  See  Aminoethanol 
A200-L 

Monolene.  See  under  Aminoethyiation  of  N- 
(2-Hydroxypropyl)-ethyienedi  amine 
A203-L 

MSX.  See  l-Acetoxy-2 ,4,6- trinitro- 2,4,6- 

triazaheptane  under  Acetoxytriazaheptane 

A53-L 

Mudcapping.  See  Adobe  shooting  under 
Agriculture  and  Forestry  Use  of  Explo- 
sives A113-R 

Musk  Xylene.  See  Trinitroterbutylxylene 
under  Alkyd  Resins  A128-L 


N 

p-Naphthalene.  See  Anthracene  A457-R 
Naphthyieacetamide.  See  Acetamidonaphthalene 
A19-R 

Naphthylacetate.  See  Acetoxynaphthalene 
A52-R 

Naphthylamine.  See  Aminonaphthalene 
A237-L 


/S-Naphthyl  a zotrini  from  ethane  A67-R 

Natriialmatrite.  See  under  Almatrites  A140-L 
NBSX.  See  ATX  A507-L 
Needle  Point  Projectiles.  See  Arrowhead 
Projectiles  A489-L 

Needle  Shell.  See  Arrow  Projectile  A48&-R 
NENA.  See  1-Nitramino- 2-ethanol  Nitrate 
under  Aminoethanol  A201-L 
Nickel  Acetylide  and  Nickel  Carbide  A78-R 
Nickel  Diazide  A592-R 
Nickel  Nitroaminoguanidine  A213-R 
Nitramide  or  Nitroxylamide  A170-L 
Nitramice.  See  Avigliana  3 A516-R 

Nitrogen  Oxides,  Absorbent  Materials  for 
A5-L 

a-Nitro-a-isonicrosoacetone.  See  Acetyl- 
methyl  nitrolic  Acid  A84-L 
Nitrolit.  See  2,4,6-Trinitroanisole  A450-L 
Nitrometer  Method  for  Determination  of 
Nitrogen  Content  in  Nitrates  A373  to 
A3  78 

3-Nitropropene.  See  Allyl,  Nitro  A138-R 
y-Nitropropylene.  See  Allyl,  Nitro  A138-R 
Nitroso(N-so)  (Nitrosylsulfuric  Acid)  Deter- 
mination in  Acids  A89-R 
Nitrosyl  Azide  A594-L 
Nn°30;  Nn°31;  Nn°32  and  Nn°33  (Explosifs) 
A148-L 

Nomenclature  II-VI 

Non-Permissible  Ammonium  Nitrate  Gelatin 
Dynamites  {American,  Belgian  and  French) 
A368  (table) 

Not-Permitted  Ammonium  Nitrate  Gelatine 
Dynamites  (British)  A368  (table) 

Nuclear  Bomb.  See  Atomic  Bomb  A499-L 
Nuclear  Energy.  See  Atomic  Energy  A500-L 
Nuclear  Explosions.  See  Atomic  Explosions 
A501-R 

Nuclear  Fission  Weapons  and  Ammunition. 

See  Atomic  Weapons  and  Ammunition 
A504 

Nuclear  Reactions.  See  Atomic  Reactions 
A501-L 

Nuevo  Anagon  (Spanish  Ammonal)  A289 
(table) 
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Octahydro-l-acetyl-3,5,7-trinitro-s-terrazo- 
cine.  See  l-Acetyl-3,5,7-trinitroocta- 
hydro-s-tetrazine,  designated  QDX  or  SEX 

A49-R 

Organic  Amides  and  Imides  A170  & A171 
Organic  Azides  and  Azido  Derivatives 
A626  to  A643 

Oxalylethylester  Azide.  See  Azidooxaiic 
acid  Ethylester  A641-L 
Oxoethylpyrrole.  See  Acetylpyrrole  A86-R 
2-Oxo-4,4,6-trimethyltetrahydropyrimidine. 

See  Anhydroacetoneurea  A403-R 
Oxygen  Balance  to  CO(OB  to  CO)  and 

Oxygen  Balance  to  C02(0B  to  C02).  See 
under  Available  Oxygen  A5  15 
Oxyliquit  A147(table) 

P 

Papite.  French  for  CWA  Acrolein  A90-L 

Paraldehyde.  See  under  Acetaldehyde  A14-R 
Paraldol.  See  under  Acetal dol  A15-R 
Pentaerythritol- Acetone  Compounds.  See 
Acetone  Compounds  of  Pentaerythritol 
A40-L 

Pentaerythritolmonoallylether  Trinitrate,  See 
2-Allyloxymethyl-2-hydroxymethyl-  1,3- 
propanediol  Trinitrate  A138-R 
2,4-Pentanedione.  See  Acetylacetone  A53-L 
Pentanol.  See  Amyl  Alcohol  A394-R 
Penthrinit  A 147  (table) 

Pentryl.  See  2-(2'  ,4'  ,6-Trinitro-N-nitranilino 
Ethanol  Nitrate  under  Anilinoethanol  and 
Derivatives  A425-L  to  A429-R 
Pentryl  Homoiogs  A429-R 
Peracetic  Acid,  Benzylester.  See  Acetyl- 
ben  zylperoxide  A55-L 
Phenacyl  Azide.  See  co-  Azido  acetophenone 
under  Acetophenone  A47-R 
Phenazone.  See  Antipyrine  A471-R 
Phenetidine.  See  Aminophenetole  A240-R 
Phenyl  Abietate.  See  under  Abietic  Acid 
A4-L 

N-Phenylacetarainde.  See  Acetanilide  A22-R 


Phenyl allyl amine.  See  N-Allylaniline  A136-R 
Phenylallylozonide.  See  Allylbenzeneozonide 
A 13  7*  L 

Phenylalanine.  See  under  Anilinopropionic 
Acid  A436-R 

Phenylamine.  See  Aniline  A406 
Phenylaminobutanol.  See  Anilinobutanol 
A422-R 

Phenylaminobutyric  Acid.  See  Anilinobutyric 
Acid  A423-R 

Phenyl amino-4-diazonium  Hydroxide.  See 
p-Anilinobenzenediazoniuxn  Hydroxide 
A421-L 

Phenylaminodihydroxypropane.  See  Anilino- 
propanediol  A434-R 

Phenylaminoethanol  or  Phenylethanolamine, 
See  under  Anilinoethanol  s A424-L 
Phenylaminoguanidine.  See  Anilinoguanidine 
A431-R 

2-Phenylamino-2-methyi-  1,3-dihydroxypropane. 
See  2-Anilino- 2-methyl-  1,3-propanediol 
A433-L 

Phenylaminopropanol.  See  Anilinopropanol 
A436-L 

l-Phenyl-5-amino-tetrazole.  See  under 
Aminophenyltetrazoles  A247-L 
5-Phenylamino-tetrazole.  See  Anilinotetrazole 
A437-L 

Phenyl aminopropanediol.  See  Anilinopro- 
panediol  A434-R 

Phenylaminopropanol.  See  Anilinopropanol 
A436-L 

P henyl amino* trimethylolmethane.  See 
Anilinotrimethylolme  thane  A441-L 
Phenylaniline.  See  Aminobiphenyl  A191-R 
N-Phenylanthranilic  Acid.  See  Anilinobenzoic 
Acid  A421-R 

Phenylazodiphenylamine  A420-R 
Phenylazobenzoic  Acid.  See  Azobenzene- 
carboxyiic  Acid  A650-R 
Phenylazorybenzoic  Acid.  See  Azoxybenzene- 
carboxylic  Acid  A668-L 
N,N-o-Phenyleneguanidine.  See  2- Amino- 
benzimidazole  A187-L 
Phenylethanolamine.  See  under  Anilino- 
ethanol A424-L 

N-Phenylglycine  or  N-Phenylglycocoll.  See 
Anilinoacetic  Acid  A420-L 
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N-Phenyl-N1  ,N'  -phthalylhydrazine.  See 
N-Anilinophthalimide  A434-L 
Phenyltoluidine.  See  under  Anilinocoluece 
A438-L 

Phenyltrimethylolmethyl  amine.  See  Anilino- 
trimethylolmethane  A441-L 
N-Phenyl-(tris-hydroxymethyl)-methylamine. 

See  Anilinotrimethylolmethane  A441-L 
Phenylxylidine.  See  Anilinoxylene  A443-L 
Phosphorus  Carbide  A78-R 
Phosphorus-Nitrogen  Azide  A594-R 
Physical  Tests  Used  to  Determine  Explo- 
sive and  Other  Properties  VII 
Picatinny  Arsenal.  See  under  Arsenals 
A489-R 

Picramic  Acid.  See  2,6-Dinitro-2-aminophenol 
under  Aminophenois  A241-R 
Picramide.  See  2,4,6-Trinitroaniline  A409"R 
to  A411-L 

Picric  Powder.  See  Abel  Powder  Al-R 
5-(Picrylamino)-a-tetrazole,  See  5'(2 1 ,4* , <5'  - 
Trinitroanilino)-ei-tetrazole  A437-R 
N-Picrylglycine  or  N-Picrylglycocoll.  See 
2,4,6-Trinitroanilinoacetic  Acid  A420-L 
2- (N-Picryl-N-nitramino)- 1-butanol  Nitrate. 

See  under  Anilinobutanol  A423-L 
2-(N-P  icryl-N-nitr amino)-  I-but anol  Nitrate. 

See  2-(N, 2, 4, 6-Tetranitroanilino>  1-butanol 
Nitrate  A423-L 

a-Picrylnitramino- iso- butyric  Acid.  See 
under  Anilinobutyric  Acid  A423-R 
Picrylphenylenediamines.  See  Trinitroamino- 
di phenyl  amines  under  Aminodiphenyl- 
amines  A197 

Picryltoluidine.  See  Trinitroanili notoluenes 
A438-R 

Plaster  Shooting.  See  Adobe  Shooting  under 
Agriculture  and  Forestry  Use  of  Explo- 
sives A113-R 

Plosophore.  See  under  Auxoexplose  A514-L 
Polverifici  Giovanni  Stacchini  SA  (Esplosivo) 
A149-L 

Polymer  of  Acetylacetone  Peroxide  A53-R 
Polynitroalcohols,  Ammonia  Derivatives  of 
A306-L 

Polynitroderivatives  of  Abietic  Acid  A3-R 

Potassium  Acetylide  A79-L 

Pot  as  si  urn- Aluminum  Alum  A156-R 


Potassium  Amide  or  Porassamide  A169-R 
Potassium  Azide  A594-R 
Potassium  Azidodithiocarbonate  A634-L 
Potassium  Carbide  A79-L 
Potassium  Chrome  Alum.  See  under  Alums 
A156-R 

Potassium  Hydrogen  Acetylide  A79-L 
Potassium- Iron  Alum  A156-R 
Potassium-5-nitraminotetrazole  A260-L 
Potassium  Picramare  A242-R 
Potatoes  as  a Source  of  Absorbent  Materials 
A5-R 

Propadiene.  See  Allene  under  Allenic 
Compounds  A133-R 

Propanolamine.  See  Aminopropanol  A253-L 
Prop  anol  aniline.  See  Anilinopropanol 
A436-L 

Propanolon.  See  Acetol  A33-R 
2-Propanone.  See  Acetone  A33*R 
Propenal.  See  Acrolein  A96-L 
Propeneamide.  See  Acrylamide  A96-R 
Propenenitrile.  See  Acrylonitrile  A97-R 
Propene- l,2,3*tricarboxylic  Acid.  See 
Aconitic  Acid  A93-R 
Propylamine.  See  A mi  nopropane  A250-L 
Propenylanisole.  See  Anethole  A402-R 
Pulsometer.  See  under  Air  Lifts  A118-L 
Puriculine.  See  Azete  A518-R 
Pyridylamine.  See  Aminopyridine  A254-R 
Pyrimidinetetrone.  See  Alloxan  A134-R 
Pyroacetic  Ether.  See  Acetone  A33'R 
Pyrotechnic  Compositions  Containing: 
Aluminum  and  Alloys  A 145,  A153  & A 154 
Antimony  A468 
Auramin  O A508-L 
Pyruvic  Alcohol.  See  Acetol  A33-R 
Pyruvonitrolic  Acid.  See  Acetylmethyl- 
nitrolic  Acid  A84-L 

Q 

QDX  or  SEX.  See  l-Aceryl-3,5,7-trinitro- 
octahydro-s-triazine  A49-R 
Quinolylamine.  See  Amino  quinoline  A255-R 
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Radioactivation  Analysis.  See  Activation 
Analysis  A99-L 
RATO,  See  under  ATO  A497-R 
Ripping  Ammonal  A289  (table) 

Rochling  Anticoncrete  Projectile,  See  under 
Arrow  Projectile  A488-R 

Rubidium  Acetylide  A79-L 

Rubidium  Azide  A596-R 
Rubidium  Carbide  A79^L 
Rubidium  Hydrogen  Acetylide  A79-L 
Russian  Ammonals  A292-L 
Russian  Ammunition  and  Weapons  A385-R 
Russian  Mixture.  See  Ammontol  A383*L 

S 

St  Helen's  Powder.  See  under  Ammonals 
A 2 89  (table) 

Salicylic  Acid  Triazoacetate.  See  under 
Acetylsalicylic  Acid  A87-L 
* 'Salpetersaure-Diazophosphenylsaure”  of 
Michaelis.  See  Compound  CeHeN306P  + 
3HaO  A246-R 

Screens.  See  Sieves  A674  (Table  I) 
Self-Destroying  Ammunition  A391-R 
Self-Hooping.  See  Autofrettage  A510-R 
Semi-Gelatine  (A  British  Ammonium  Nitrate 
Not-Permitted  Dynamite)  A368 (table) 
Sevranite  No  1 (Explosif)  A148-L 
SEX.  See  QDX  A49-R 
Sieves(Screens).  Comparison  of  US,  Tyler, 
British  and  German  Systems  A674 
(Table  I) 

Silicon  Carbide  A79-L 
Silicon  Carbide* Aluminum  Oxide  Fiber 
A155-R 

Silicon  Tetrazide  A597-R 
Silver  Acetylide,  Analytical  A81-R 
Silver  Acetylide,  Destruction  A81-R 
Silver  Acetylide  or  Silver  Carbide  A79-R 
Silver  Acetylide,  Analytical  and  Destruction 
A81-R 

Silver’ Acetylide  Complexes  A80-A81 

Silver  Amide  A169-R 

Silver  Azide  A597-R  to  A601-R 


Silver  Azidodithiocarbonate  A637-L 
Silver  Nitroaminoguanidine  A213-R 
Silver  Picramate  A242-R 
Smoke  Compositions  Containing  Auramine  0 
A508-L 

Sodamide  A170-L 
Sodium  Acetate  A29-L 
Sodium  Acetylide  A82-L 
Sodium  Aluminum  Alum  A157-L 
Sodium  Amide  A170-L 
Sodium  Azide  (SA)  A601  to  A612 
General  Properties  A601  to  A603  & A605 
to  A 607 

Laboratory  Preparation  and  Manufacture 
A 603  to  A 604 

Explosive  Properties  A604  toA605 
Uses  A 607  to  A608 

Sodium  Azide,  Plant  Analytical  Procedures 
A612-R  to  A619 

Analysis  of  Ammonia  A612-R  & A303 
Analysis  of  Sodium  Metal  A6 12- R 

Analysis  of  Wringer-Cake  A613*L 

Analysis  of  First  Mother  Liquor  A613~R 
Analysis  of  Second  Mother  Liquor  A615-L 
Analysis  of  First  Clear  Liquor  A615-L 
Analysis  of  Lime  Treatment  Tank  A615-R 
Analysis  of  Second  Clear  Liquor  A616-L 
Analysis  of  Crude  Sodium  Azide  Liquor 
A616-L 

Analysis  of  SA,  Crystalline  A617-L 
Colorimetric  Determination  of  SA  in 
Aqueous  Ammonia  A617-L 
Analysis  of  Technical  SA  Prepared  from 
Hydrazine  and  Ethyl  Nitrate  A617-R 
Sodium  Azidodithiocarbonate  A634-R 
Sodium  Carbide  A82-L 
Sodium  Hydrogen  Acetylide  A82-L 
Sodium  Picramate  A242-R 
Sofranex  A (Explosif)  A148-L 
SP-42,  SP-43,  SP-45,  SP-47  and  SP-49  Pro- 
pellants. See  Aerojet  Propellants  A350 
(t  abl  e ) 

Space  Travel.  See  Astronautics  A498-L 
Spanish  Ammonals  A292-L 
Stabilit.  See  Acardite  I A7-R 
Stilbeneazostilbene.  See  Azostilbene  A659-R 
Storage  Batteries.  See  Accumulators  A12-L 
Strontium  Acetylide  or  Strontium  Carbide 
A82-R 
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Strontium  Diazide  A620-L 
Styrylamine.  See  Aminostyrene  A257-L 
Succinum.  See  Amber  A165-R 
Sulfurless  Black  Powder.  See  under  Amide 
(Explosif)  A168-L 
Sulfuryl  Diazide  A621-R 
Sylvie  Acid.  See  Abietic  Acid  A2-R 


T 


TAX.  See  I-Aceto-3,5-dinitro-l,3,5-triaza- 
cyclohexane  under  Acetotriazacyclohexane 
A50 

<z-Terpinene  Peroxide.  See  Ascaridol  A494-R 
Tests,  (Physical)  Used  to  Determine  Explo- 
sive and  Other  Properties  VII 
Tetrahydroxyanthraquinone.  See  Anthra- 
chrysone  A458-R 

3 ,4,5,6-Tetrahydro-4,6-diimino-5-triazin-2 
(lH)-one.  See  Ammeline  A273-R 
Tetrahydroimidaz[d]  imidazole- 2, 5(lH,3H)- 
dione.  See  Acetylenediurein  A65-L 
Tetrahydro-3,3,5,5-tetrakis(hydroxymethyl)- 
4-oxypyrane.  See  Anhydroenneaheptitol 
A404-L 

2 , 2 ,4 ,4-  T etrak  i s(hy  droxy  methylnitrat  e)- 1- 
pyranol- 1-nitrate.  See  Anhydroenneaheptitol 
Pentanitrate  A404-L 
Tetramethyl ammonium  Azidodithiocarbonate 
A637-R 

Tetramethyl  azobenzene.  See  Azoxylene 
A662-L 


Tetr  am  ethyl  azoxybenzene.  See  Azoxyxylene 
A673-L 


1, 1 , 4 ,4-  T etramethy  1-2-butyny  1 enedihydro- 
peroxide.  See  under  Acetylene  Hydro- 
peroxides A66-R 

Tetrame  thyl-p2-diaminobenzophenone,  See 
Auramine  A507-R 

Tetrar&tromethane, -Manufacture  from  Acetylene 
A67-L 


T etrazolo- 1, 2-azido-4-phthalazine-  1,2- 
dihydride.  See  (1' -Azidophthalazine-4'  , 
5'  )-5,l-tetrazole  A641-R 

Thallium  Azide  A621-R 

Thallium  Diethyl  Picramate  A243-L 

Thallium  Dimethyl  Picramate  A243-L 


Thallous  Azidodithiocarbonate  A637-L 
Thallous-Thallic  Azide  A623-R 
Thermonuclear  or  Fusion  Bomb.  See  under 
Atomic  Bomb  A499-L 
Thorium  Dicarbide  A82-R 
Tin  Azide  A624-L 
Titanium  Carbide  A82-R 
Titanous  Chloride  Method  for  Determination 
of  Nitrobenzene  in  Aniline  A415-R 
TNT  Recovery  from  Scrap  Amatol  A161-L 
Toluidine.  See  under  Aminotoluenes  A265-R 

Tolylamine.  See  under  Aminotoluenes 
A264-R 

Tolyltetrazolonimide.  See  under  Amino- 
tolyltetrazoles  A265-R 
Total  Acidity  as  Nitric  Acid  A88-R 
Total  Acidity  as  Sulfuric  Acid  A89-L 
Total  Actual  Acidity  A90-L 
Total  Nitric  as  Nitric  Acid  A88  & A89 
Total  Sulfuric  as  Sulfuric  Acid  A 89 
Trans  annular  Photoperoxide  of  Anthracene 
A458-R 

Triacetin.  See  under  Acetins  A31-R 
Triacetone  Triperoxide.  See  under  Acetone 
Peroxides  A42-R 
Trialkyls  of  Aluminum  A144-R 

3. 4. 5- Triamino- a- sym-tri azole.  See  4- 
Aminoguanazole  A209*R 

2.4.6- Triaza-2,4,6-trinitro-hepcan-l-ol 
Acetate.  See  l-Acetoxy-2,4,6-trinitro-2,4,6- 
triazaheptane  or  MSX  A53-L 

4-Triazoacenaphthene.  See  under  Acenaph- 
thenes  AI2-R 

Triazoates.  See  Azides,  Inorganic  A520-L 
Triazo  Compounds.  See  Azido  Compounds 
A626ff 

lH-I,2,3-Triazole-4-ethylamine.  See  4-Q3- 
Aminoethyl)-a-vic-triazole  A208-L 
3-Triazopropene.  See  Allylazide  A137-L 
Tricrotonylidenetriperoxide-tetramine. 

See  under  Amine  Peroxides  A178-L 
Triethyllead  Azidodithiocarbonate  A637-R 
4',5,7-Trihydroxyflavone.  See  Apigenin 
A473-R 

4,5,2’  - Trihydroxy- 2-methyl anthraquinone.  See 
Aloeemodine  A140-R 
4'  ,5, 7-Trihydroxy- 2- phenyl chromone.  See 
Apigenin  A473-R 
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Acetone  Peroxides  A42-R 
Trimeric  Methyleneaniline.  See  Anhydro- 
formaldehyde  aniline  A404-R 
Trim  ethyl  aniline.  See  Aminohemimellitene 
A215-R 

Tri  methyl  aniline.  See  Aminomesitylene 

A x n 
a44iri\ 

Trim  ethyl -[3-  azido-5-nitro-4- hydroxy*:  phenyl]- 
ammonium  Hydroxide.  See  2-Azido-6-nitro- 
l,4-benzoquinone-4- trim  ethyl  imide 
A640-R 

Trimethyleneimine.  See  Azetidine  A518-R 
N-(Trimethylolmethane)-aniline.  See 
Aniiinorrimethylolmethane  A441-L 
2,4,6-Trimethyl-l,3,5*trioxane.  See 

Paraldehyde  under  Acetaldehyde  A14-R 
Trinitrides.  See  Azides,  Inorganic  A520 
to  A625 

Triphenylmethyl  A zidodithio carbonate  A633-R 
1,3, 5-Triphenyl- trimethylenetriamine.  See 
Anhydroformaldehydeaniiine  A404-R 
Tungsten  (or  Wolfram)  Carbide  A82-R 

Timp  01  FttiIaciv^  / I ananp  A4SH- 1 

-yr-  ^ r ' 'J  ~c — — 

Type  A Explosive  (Japanese).  See  A(ko) 
Explosive  A119-L 

U 

c A in  inc  iir — 1 c A272*  1 , 

US  Ammunition  and  Weapons  (Calibers) 

A386  & A387 

V 

Vanadium  Carbide  A83-L 
Vinylaniline.  See  Aminostyrene.  A237-L 
Vinyl  Carbinol.  See  Ally!  Alcohol  A135-R 


UJ 

n 

Waterfor  Methanol  V Aluminumfor  Magnesium) 
Explosives  Al55-L 

Wax-Gap  Test  as  conducted  at  the  Spencer 
Chemical  Co,  Kansas  City,  Mo  A354, 
Note  c 


mu:.,  n r> i e i.._- j_.  r> ■ 

n»mv  vjwiinaii  X.  vnuu*  occ  “U^cnuu;  ruwuci 

A507-L 

Windshield  or  Ballistic  Cap  A483-L 
Wolfram  Carbide.  See  Tungsten  Carbide 
A82-R 

v 

r\ 

Xylidene.  Same  as  Aminoxylene  A272 
Xylylamine.  See  Aminoxylene  A272-L 

Z 

Zinc  Acetyl ide  A83*L 
Zinc  Azide  A^24*L 
Zinc  Azidodithiocarbonate  A637-L 
Zinc  Diazide  A624-L 
Zirconium  Carbide  A83-L  • 
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